Preface

Scira Offshore Energy Ltd is proud to present to you the Environmental Statement of the
Sheringham Shoal wind farm. This statement is a reflection of two years of work on all
possible impacts by a multidisciplinary team of SLP Energy, Econcern, Hydro and Royal
Haskoning together with many other external consultants, and in close cooperation with the
Statutory Consultees and other stakeholders. Scira wishes to thank all of them for their work,
cooperation and inputs.

We believe the Sheringham Shoal wind farm could be a great project, creating a lot of green
energy and we think that all impacts have been properly assessed, however, if you have any
question or remark, please do not hesitate to contact us.

Regards,

Albert van der Hem
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1 Introduction

1.1 Background

Scira Offshore Energy Ltd. is proposing to construct and operate an offshore wind farm, known
as Sheringham Shoal at a site located 17km offshore from the coastal town of Sheringham on
the north Norfolk Coast.

This Environmental Statement (ES) describes the proposed project which includes the offshore
structures related to the wind farm, the export cables, the landfall and the onshore works and
documents the findings of the Environmental Impact Assessment (EIA) process.

This ES accompanies the applications being made by Scira Offshore Energy Ltd for the
environmental and other consents for the operation and decommissioning of the Sheringham
Shoal project which are discussed in Section 2.

1.2 Background to the developers

1.2.1 Scira Offshore Energy

Scira Offshore Energy (hereafter referred to as Scira) is a project specific company formed by
Hydro from Norway, Econcern from the Netherlands and SLP Energy from the UK.

Scira considers offshore wind energy as an opportunity, both for society and from a business
perspective. Its strategy combines the following elements:

o Active involvement of society to create and maintain the necessary support for wind energy
projects and to find optimal solutions for any problems and damages that may occur.

e Pro-active risk management.

e Balance between innovation and proven technology.

The origins of the name Scira

The town of Sheringham is on the north Norfolk coast, with houses and shops down to the
edge of the sea. But the ancient town of Sheringham, today known as Upper Sheringham, is
the settlement listed in the Domesday book of 1086. The town was then known variously as
Silingham, Siringham or Schyringham. As with many of Norfolk's town and villages, the name
is of Scandinavian origin, meaning the 'home of Scira's people." Source: www.sheringham-
network.co.uk/tourist info/local history

1.2.2 Hydro

Hydro is a Fortune 500 energy and aluminium supplier founded in 1905. Over the past 40 years,
the company has become a leading offshore producer of oil and gas, based on a strong position
in the development of the Norwegian petroleum industry. The company has a long track record in
deep waters and rough seas, developing projects not only in the North Sea but all over the world.
Recently, the company has also invested in wind and hydrogen energy production. Apart from its
activities in the field of energy, Hydro is also the third-largest integrated aluminium supplier in the
world, with a presence on every continent.

In 2005, Hydro realised a turnover of £13 billion. It currently employs some 35,000 employees in
nearly 40 countries.
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1.2.3 Econcern

E-concern, was founded in 1984 and soon became a strong niche player in the renewable
energy sector, firstly in the Netherlands and now throughout Europe. As such, Econcern has vast
experience in the energy sector and specifically the wind energy sector. The company is involved
in offshore wind projects in Denmark, the Netherlands, Belgium and the UK.

Econcern is a holding of which various daughter companies are involved in the Sheringham
Shoal Project: Evelop manages the project development, while the consultant Ecofys is
responsible for the EIA.

In 2005, Econcern realised a turnover of £38 million. It currently employs over 300 employees in
the Netherlands, Germany, Belgium, UK, Spain, Italy and Poland.

1.2.4 SLP Energy

SLP _Engineering, the parent company for SLP Energy, was established in 1970 as an oil and
gas industry service contractor. Since then, SLP has evolved into a fully integrated turnkey
solutions provider.

In the late 1990’s SLP was one of the first companies in this sector to recognise the opportunities
emerging from the offshore renewable sector. As such in 2000 SLP Energy was established to
provide dedicated services and innovative solutions to this market through its expertise in
offshore design, engineering, fabrication, construction, installation and project management.

SLP has actively moved into the specifics of offshore wind energy through the construction of
several meteorological masts and through innovating foundations for wind turbines. In parallel,
SLP is developing an increasing portfolio of on-shore windfarms.

SLP Engineering and its subsidiaries have an annual turnover of £60 million and employ around
300 personnel at its sites in Lowestoft and London.

1.3 Background to the Sheringham Shoal Offshore Wind Farm
1.3.1 Historical background

The Crown Estate, as landowner of the seabed out to the 12 nautical mile territorial limit plays an
important role in the development of the offshore wind industry by leasing areas of seabed for the
placing of turbines. A number of Government departments are also involved, as potential
developers require a number of statutory consents in addition to permission from the landowner,
to build and operate offshore wind farms.

The Crown Estate’s announcement of the first major round of UK offshore wind farm
development in December 2000 resulted in 18 companies pre qualifying for the right to develop
an offshore wind farm project at various locations around the UK. To date, 13 of these sites have
gained consent and three sites are now generating electricity. In July 2003, following the success
of the Round One competition, The Crown Estate, in discussion with the Department of Trade
and Industry (DTI), invited developers to bid for site option agreements in the second round of
offshore wind farm development. Arrangements for Round Two were designed to facilitate
offshore wind farm development in three strategic areas namely the:

North West;
Greater Wash; and
Thames Estuary.

These areas had already been the subject of a Strategic Environmental Assessment (SEA),
which reported on the potential impact of various scenarios of offshore wind farm development
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and identified a maximum build scenario that could reasonably be accommodated within each
strategic area (BMT Cordah, 2003).

In December 2003, The Crown Estate offered 12 companies/consortia, options for 15 site lease
agreements spread across each of the three strategic areas. Scira obtained the option to develop
the Sheringham Shoal site. This agreement grants Scira a development option, during which
time Scira must obtain the relevant statutory consents. Once these are in place, the option
agreement could then be converted into a full lease of the seabed for a period of 40 years.

Round 2 Wind Farm Sites

B Round 2 Wind Farm Sites
[C] Round 1 Wind Farm Sites
[ D71 Exclusion Zone

— DOTI SEA

— Internatienal Waters

B DR TN

— 12 mile limit

EASIMGTOR

ey SR HEAD

KRG WANTERTON
& a

CHIETER D

Figure 1.1 Round 1 and round 2 sites in the Greater Wash strategic area. Source: Crown Estate, 2004.

Since the award, the consortium partners have actively joined forces to take the project forward.
This has involved producing environmental information (in the form of this ES) for the purposes
of EIA, developing outline designs for the wind farm and associated infrastructure and consulting
with potential consultees in the consents processes and other interest groups, including the wider
public.
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1.3.2 Site choice

The proposed wind farm would be located approximately 17 to 20km offshore from the north
Norfolk coastal town of Sheringham and approximately 5km north of the offshore sand bank
known as Sheringham Shoal (see Figure 1.2). It would consist of between 45 - 108 turbines
located in water depths from 16m to 22m at lowest astronomical tide (LAT).

The proposed site was chosen based on the following rationale:

The area lies within the 12 nautical mile (nm) boundary of territorial water, but as far off the
coast as possible, maximising the wind regime, whilst minimising visual effects and possible
effects on birds.

The shipping intensity, including beam trawling, is low.

The area does not coincide with aggregate or disposal sites, oil and gas platforms, MoD
Practice and Exercise Areas, or existing cables or pipelines.

The offshore site is not part of any designated nature conservation sites, nor on current and
foreseeable information is it likely to become part of a designated area.
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Figure 1.2

Surroundings of the proposed Sheringham Shoal Offshore Wind farm. Source: Scira 2005.
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1.4 Renewable Energy Policy

1.4.1 International and European policy

In 1997, more than 160 nations met in Kyoto, Japan, to negotiate binding limitations on
greenhouse gases for the developed nations, pursuant to the objectives of the United Nation’s
Framework Convention on Climate Change of 1992. The outcome of the meeting was the Kyoto
Protocol, in which the developed nations agreed to limit their greenhouse gas emissions, relative
to the levels emitted in 1990. The Kyoto Protocol became binding on signatory states (which
include the UK) following Russian ratification in February 2005. Different countries have
individual targets for their energy generation from renewable sources. The European Union’s
overall emission target under the Protocol is a reduction of greenhouse gas emissions to 8%
below 1990 levels by the commitment period of 2008 to 2012 (www.dti.gov.uk).

1.4.2 National energy policy

The UK’s Climate Change Programme, published in November 2000 (DETR, 2000) includes the
development of renewables in its plans to reach the UK's Kyoto target'. The Government
proposed an initial ten year strategy, which included a target to generate 10% of the UK’s
electricity from renewable sources by 2010. Other targets included reducing greenhouse gas
emissions to 12.5% below 1990 levels by 2012 and cutting carbon dioxide (CO,) emissions to
20% below 1990 levels by 2010.

These initial targets were revised in February 2003 with the Energy White Paper ‘Our Energy
Future - Creating a Low Carbon Economy’ (DTIl, 2003). The central aim of the UK Government's
energy policy is to establish a supply of energy that is diverse, sustainable and secure and is
offered at competitive prices. Key to this goal is a 60% reduction of CO, emissions by 2050. The
development of renewable energy plays a key role in the Government’s strategy for carbon
reduction. In particular, it has set a revised target that 15% of the UK electricity supply should
come from renewable sources by 2015, and has an aspiration of 20% of renewable energy
supply by 2020. The Government’s targets for renewable energy will help the UK to meet its
international obligations, but also obtain greater security of energy supply through the promotion
of indigenous electricity generation. The construction of wind farms, (both on- and offshore) is
expected to be the largest contributor to the development of the renewable energy sector and
wind energy will provide the greatest contribution to the 2010 target of all of the renewable
energy technologies.

The Government aims to work with industry to meet these targets and, as part of its Climate
Change Programme, has introduced a number of incentive measures including the Renewables
Obligation (RO). The RO came into force in April 2002% and places an obligation on all licensed
electricity suppliers in England and Wales to source a growing percentage of their energy from
renewable sources. The original RO started at 3% in 2003, rising gradually to 10.4% by
2010/2011. The RO currently stands at 5.5% in 2005/2006, increasing gradually to a requirement
of 15.4% by 2015/16 (www.dti.gov.uk, 2005).

In January 2006, the Government launched an Energy Review consultation document called ‘Our
Energy Challenge: securing clean, affordable energy for the long term’ (DTI, January 2006). The
consultation has a broad scope and considers all aspects of the energy system including both
energy supply and demand. The Government is expected to report later in 2006. However, the
terms of the consultation document clearly indicate that there are no changes in the
Government’s commitment to the exploitation of the UK’s energy resources.

! The UK and European Economic Community are signatories to the Kyoto Protocol (http://unfccc.int/)
% Renewable Obligation Order 2002 made under the terms of the Utility Act 2000 and amended by the
Renewables Obligation (Amendment) Order 2004.
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The Sheringham Shoal project also contributes to realizing regional energy policies, which are
discussed in detail in Section 4, Policy Framework and Guidance.

1.5 Contributions from the proposed wind farm to the national
policy targets

The 10% renewable energy target by 2010 is expected to require the generation of 33.6TWh per
annum (Ecofys, 2003), and the proposed offshore wind farm, once operational, will contribute 0.8
TWh to this target (Calculations based on BWEA 2005, applied load factor: 30%).

In addition, the proposed wind farm will help the UK move towards its goals by reducing
emissions of carbon dioxide by approximately 28,000ktonnes over its 40 year lifetime (based on
avoided emissions from coal powered plants. BWEA, 2005). Furthermore, the proposed
installation will reduce the emissions of other air quality pollutants by 74ktonnes of SO, and
27ktonnes of NO, (Ecofys, 2003).

1.6 The EIA project team

Scira commissioned Ecofys together with Royal Haskoning and SLP to undertake the
Environmental Impact Assessment (EIA). All three companies worked hand in hand on this
assignment.

Table 1.1 provides an overview of the subcontractors involved in the various EIA surveys and
studies.
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Table 1.1

Geophysical surveys

Overview of EIA sub contractors.

Envision and Royal Haskoning

Geotechnical surveys

Fugro Environmental Services

Metocean data collection

Gardline

Hydrodynamics and Geomorphology

HR Wallingford

Aerial Bird surveys

WWT (Wildfowl and Wetlands Trust)

Boat based bird surveys

ESS
Econ

(Environmentally Sustainable Systems) and

Radar based bird surveys

CSL (Central Science Laboratory)

Ornithology

Econ and Ecofys

Marine biological surveys

Institute of Estuarine and Coastal Studies (IECS,
(University of Hull)

Benthic ecology

IECS (University of Hull) and Royal Haskoning

Natural fisheries resources

Brown and May Marine (BMM) and Royal Haskoning

Commercial fisheries

BMM and Royal Haskoning

Marine Mammals

Royal Haskoning

Seascape and Visual Character

ERM (Environmental Resources Management) and
Ecofys

Shipping radar surveys

Anatec

Navigational risk assessment

Anatec

Archaeology

Wessex Archaeology

Radar interference

QinetiQ

Socio-economic impact and tourism

Royal Haskoning

Ecological surveys

Norfolk Wildlife Services

Landfall
studies

and onshore cable route

Royal Haskoning

Second opinion and review

RPS

Legal advice

Bond Pearce
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1.7

Report structure

This Environmental Statement is structured in five parts:

1.8

Part one introduces Scira Offshore Energy Ltd. and the Sheringham Shoal Offshore Wind
farm, describes the EIA process and the policy framework.

Part two focuses on the wind farm and site to shore (export) cable and is topic based,
whereby each section describes a separate environmental parameter. Details on the existing
environment, impacts during construction, operation and decommissioning are presented as
well as any necessary mitigation and monitoring proposals.

Part three is set out in a similar format to Part two, and describes the cable landfall and
onshore cable route and associated infrastructure.

Part four sets out the information for appropriate assessment.
Part five summarises the main findings of the EIA.

Part six contains supporting technical or site specific survey information in the form of
appendices.

References

BMT Cordah, 2003: Environmental Report: Offshore Wind Strategic Environmental
Assessment

DTI 2002: Our energy future - creating a low carbon economy
Scira 2004: Sheringham Shoal Offshore Wind farm — Scoping Report

www.crownestate.co.uk/

www.dti.gov.uk/energy (14™ February 2006)
http://www.bwea.com/edu/calcs.html (BWEA 2005:
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2 Project Details

2.1 Introduction

This section provides a detailed description of the offshore and onshore elements of the
Sheringham Shoal Offshore Wind Farm project, including the construction methodology,
operation, maintenance and decommissioning stages. In a number of cases finalized and
definitive details are not yet available, for example the foundation type, turbine size and
manufacturer, installation methodology, electrical design or final choice of cable route (two
alternative routes have been proposed). Many of these areas would be dependent on the chosen
Contractor following a competitive tendering exercise as well as further geotechnical studies.
However, all the likely development scenarios and construction options are described in this
section and the EIA has assessed each of these possibilities based on the worst realistic case
approach described in Section 1. Finalised project details would be provided to the Department
of Trade and Industry (DTI) and Marine Consents Environment Unit (MCEU) following consent
determination and in line with any associated conditions.

The operational lifetime of the project is anticipated to be 40 years (in line with the Crown Estate
lease) with an option to re-power if necessary during this time.

2.2 Description of the Project

2.2.1 Overview of the project characteristics

The proposed wind farm would be located approximately 17 to 23km offshore from the north
Norfolk coastal town of Sheringham and approximately 5km north of the offshore sand bank
known as Sheringham Shoal. The wind farm would comprise between 45 and 108 turbines
located in water depths of approximately 15m to 22m at lowest astronomical tide (LAT).

The wind farm turbines would be connected via an inter array network of cables which would link
at one or two offshore transformer substations located within the wind farm. From these stations
power would be exported via two marine cables which would make landfall in the vicinity of
Weybourne Hope on the north Norfolk coast. Two routes for the site to shore export cables are
being considered; a preferred direct route which passes directly across Sheringham Shoal and
an alternative western route which passes to the west of the shoal.

Onshore, the cables would be connected to a new switch station situated in the grounds of the
Muckleburgh Collection, approximately 800m inland. From the switch room a new electrical
connection would be required in order to pass electricity into the existing 132kV distribution
network and/or 400kV transmission network. These networks are operated by EdF and National
Grid Transco respectively. This new grid connection (from the switch station to distribution and/or
transmission network/s) would be the subject of a separate consent.

Figure 2.1 provides an overview of the project as described above, with the site coordinates
listed in Table 2.1. The key project characteristics are summarised in Table 2.2.
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Figure 2.1 Overview of the proposed project
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Table 2.1 Coordinates of the selected site in WGS84 format

Latitude (N) Longitude (E)
1 53 10.4788 01 4.6665
2 53 8.9810 01 10.9461
3 53 5.7867 01 13.0286
4 53 7.2916 01 6.7490

Table 2.2 Key project characteristics

Nominal output 240 - 315MW

Min/max number of turbines 45 - 108

Min/max nominal turbine capacity 3 -7MW

Total area 35sqg.km (10sqg. n.miles)
Total perimeter Approx. 24km (13n.miles)
Minimum distance to shore Approx. 17 km (9n.miles)

Approximate net yield of the wind farm | 0.83TWh/yr - Equivalent to about 176,130 households

CO, Offset An estimated 28M tonnes over the 40 years lifetime
Offshore cable length (dependent on

final route chosen) Approx. 21km (direct route) 22km (western route)
Landfall location Vicinity of Weybourne Hope
Onshore cable route Approx. 800m to new switch room

22.11 Foundation types

A number of foundations types are being considered in order to anchor the turbines securely to
the seabed. These include monopiles, multi-piled structures utilising three or four piles per
structure, gravity base structures and suction caisson structures. These are described in detail in
Section 2.4.

2.2.1.2 Turbine units

The turbine model would not be selected until after consent is granted, but it is expected one
model, with an installed capacity in the nominal output range of 3 — 7MW, would be adopted for
the whole wind farm. All turbines units are anticipated to comprise a tubular steel tower, nacelle,
containing a variable speed gearbox, a brake, generator and three blades. It is anticipated that a
transformer stepping up to approximately 20-50kV would be located within the tower or the
nacelle. Figure 2.2 shows the general layout of a typical wind generator (nacelle).

The turbines would typically begin generating electricity at hub height wind speeds of
approximately 3m per second (m/s) rising to the maximum rated output at speeds of around
14m/s and above. The turbines are normally designed to shut down automatically at wind speeds
above 25m/s for safety reasons.

May 2006 Scira Offshore Energy Ltd. Page 25 of 722



© ol cooler O servica crana & Mechanical disc braks & Pitch cylindar
) watar cooler for genarator ) OptiSpasd® genarator 8 Machina foundation 8 Hub controllar
ﬂ High voltage transformar u Composte disc coupling @- Blada bearing

@ ukrasonicwing sensors O vew gears & Biads hub

€ VMP-Top controliar L) Gearbex & Blde

Wwith comarter

Figure 2.2 A Typical Nacelle Layout (Courtesy of Vestas Wind Systems A/S 3MW))

2.2.1.3 Inter turbine and site to shore (export) cables

Cabling is anticipated to comprise of 20-50kV inter turbine cables linking each of the turbines to
one or two offshore sub-station(s) (see Section 2.3). The cables are expected to consist of
armoured 3 phase AC marine XLPE (Cross-Linked Polyethylene) cables which are the dominant
technology of today (see Figure 2.3). Cables may contain an integral fibre optic for control and
data signals. At the offshore substation(s) the voltage would be stepped up to a likely level of up
to 150kV via the onboard transformers.
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Figure 2.3 Typical 3 Core Copper XLPE Armoured 132 kV Subsea Cable with fibre optic cable (Courtesy of
ABB)

From the substation(s) the export cables would be routed to shore. Burial depths would vary
according to factors including ground conditions, but are expected to range from approximately
0.5m to 3m. The export cables are anticipated to be up to approximately 100m apart for the
majority of the offshore route.

As stated above, it is anticipated that export cables would operate at voltages of up to 150kV.
However voltage levels up to 450kV would also be considered as technologies and relative costs
develop.

2.2.1.4 Landfall and Onshore Grid Connection

The export cables would be landed in the vicinity of Weybourne Hope, crossing under the shingle
beach, and ducted onto land which makes up the Muckleburgh Collection. Onshore the marine
cables would be anchored firmly in one or more concrete based cable connection pit(s), where
they would be connected to land based cables which would also be buried. The onshore cable
route would link to a new switch room built in the vicinity of the museum. The switch room may
house reactive compensation, metering and any other equipment that may be required in
addition to switch equipment. All cables would be buried to a target minimum depth of 1m and
the land returned to its previous condition. The general arrangement is shown in Figure 2.4.
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Figure 2.4 Location of proposed export cable landfall and onshore cable route
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2.3 Wind Farm layouts

2.3.1 Overview of layouts

A number of layout options for the wind farm are being considered which would depend on the
type of turbine that is chosen. The nominal capacity of the turbine (7 — 3MW) would determine
the number required (45 — 108 respectively) in order to reach the proposed nominal total output
of 315MW. The indicative layout options, using a range of turbine sizes, are shown in Figure 2.5
and Figure 2.6. Table 2.3 sets out the various wind farm parameters for the proposed layout
options.

Table 2.3 Indicative Layout Options

Layout Options 45X 7MW | 63 xX5MW  70x4.5MW 88X 3.6MW 108x3MW
Indicative number of turbines 45 63 70 88 108
Turbine rated capacity (MW) 7 5 4.5 3.6 3
Rotor diameter of turbine (m) 150 126 120 107 90
Hub height (m)* 97 85 82 75.5 67
Anticipated number of columns 9 9 10 11 12
Anticipated number of rows 5 7 7 8 9
Wind farm capacity (MW) 315 315 315 315 315°

Distances between rows and columns

Perpendicular distance between rows® (by

number of rotor diameters) 4 59 6.2 6.1 6.2
Perpendicular distance between rows (m) 1108 738 738 633 554
. 7 .

Dlstgnce between rows (m)’ (turbine to 1120 780 750 650 570
turbine)

Perpendicular dlstanc.:e betweesn columns 44 53 49 51 53
(by number of rotor diameters)

zs)rpendlcular distance between columns 661 661 588 529 481
Ejlf;%nec)(ga between columns (m) (turbine to 900 900 800 720 660

® Reference MHWS

* As maximum installed capacity is limited to 315 MW, either there would be 87 turbines or the individual output
of some turbines would be capped to keep within 315 MW total.

® As maximum installed capacity is limited to 315MW, either there would only be 105 turbines of their individual
output would be capped to keep within 315MW total.

® The perpendicular distance between rows; the distance between adjacent turbines is larger.

" This is the minimum distance between two turbines in different rows

® The perpendicular distance between columns; the distance between adjacent turbines is larger.

® This is the closest distance possible between two turbines in different columns.
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Figure 2.5  Indicative 70 x 4.5 MW Wind Farm Layout, met mast and transformer stations
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Figure 2.6 Indicative alternative Wind Farm Layouts
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2.3.2 Lighting and navigation aids

2.3.2.1 General

The wind farm installation would be designed and constructed with all requisite lighting and
marking requirements as specified by the Civil Aviation Authority (CAA), Trinity House
Lighthouse Service (THLS) and the Maritime and Coastguard Agency (MCA). General
requirements are summarised below. Initial navigation risk assessments have been undertaken
in close consultation with the CAA, THLS and MCA (see Section 14, Shipping and Navigation).

2.3.2.2 Aviation marking and warning lighting

The guidance utilised is that issued by the CAA "Lighting of Wind Turbine Generators in United
Kingdom Territorial Waters”, annex A — 8AP-51-06-19 (September 2003). In accordance with
the guidance key elements of the proposed aviation lighting would be as follows:

e Auviation lights to only be fitted to the outer perimeter of the turbine formation, including each
corner.

e The maximum distance between turbines fitted with aviation lights shall be no more than
3.5km.

e« During construction, the aviation lighting would be placed along the completed external
boundaries of the development and would be moved as each boundary turbine is completed.

e« The nature of each aviation light, when fitted to a turbine, would be a medium intensive
steady red light and would be fitted as close as possible to the top of the nacelle.

e Lights would be fitted in such a way as to be displayed in all directions, save for the blades
the aviation light is not to be obstructed.

2.3.2.3 Navigational marking and warning lighting specifications

The navigational markings and fog horn specifications are yet to be agreed and finalised with
THLS but they are anticipated to be as follows:

e All Significant Peripheral Structures (SPS), corner or significant point in the wind farm
periphery, are to be marked with yellow flashing navigation lights clearly visible from all
directions in the horizontal plane. These lights would display the IALA “special mark”
characteristic, flashing yellow (F1 Y 5s) with a not less than 5 nautical miles nominal range.

¢ As a minimum, lights on individual SPS’s would exhibit synchronised flashing characteristics,
and synchronisation of all the SPS’s would be considered.

e In the case of a large or extended wind farm, the distance between SPS’s should not
normally exceed 3 nautical miles.

e Selected intermediate structures, on the periphery of the wind farm, other than the SPS’s,
should be marked with yellow flashing lights (F1 y 2.5s), which are also visible to the mariner
from all directions in the horizontal plane. The flash character of these lights should be
distinctly different from those displayed on the SPS’s, with a range of not less than two
nautical miles. The lateral distance between such lit structures or the nearest SPS should not
exceed 2 nautical miles.

e All navigation lights are to be placed at least 12m above the level of the Highest
Astronomical Tide (HAT), but below the height of the turbine blades.

e The SPS should also be equipped with omnidirectional fog signals, with a character of one
blast of 2 seconds duration every 30 seconds, to be sounded when the visibility is 2 nautical
miles or less. The fog signals should have an IALA usual range of 2 nautical miles.
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o All of the offshore structures within the wind farm (including substation(s)) should be
coloured yellow (BS No. 381 C 356) from at least HAT to the height of the lights (or the
equivalent height on the unlighted structures.

¢ In the event that the meteorological mast is constructed before the other structures in the
wind farm, then it should be marked as a standalone structure by means of a Morse “U”
every 15 seconds white light, with a 10 nautical mile nominal range. The light to be exhibited
about 12m above HAT and exhibited at least at night and when the visibility is 2 nautical
miles or less.

e Temporary marking of the wind farm would be required during construction, but this is to be
assessed nearer to the construction period.

2.3.2.4 Other Turbine Markings

Each turbine would be individually marked and numbered in accordance with the MCA marine
guidance notice MGN 275(M) (MCA 2004).

It is proposed that the turbines would be externally painted in such a manner as to minimise
visual intrusion from more distant views. The proposed colour scheme is a light grey (RAL 7035)
currently used on the North Hoyle and Scroby Sands offshore wind farms (see Plate 2.1). The
bases of the towers would be yellow in accordance with MGN 275.

Plate 2.1 Indicative colour scheme of turbines
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2.4 Foundations

2.4.1 Introduction

The wind turbines and offshore substation(s) would require the foundations to satisfy a number of
installation, operational and environmental conditions as well as cost considerations. The design
of the site specific foundation support structures would normally be influenced by a range of site
requirements including:

e The dimensions of the turbines to be installed.

e Mean sea levels and water depth variations.

e Loading characteristics of the site wind resource and wave characteristics.
e Seabed stability factors.

e Soil conditions.

e Access and maintenance requirements of the structures.

e Logistic and transport costs.

e Material costs, manufacturing cost and structural limitations.

e Type of, and cost of, associated installation equipment.

e Export and Import cable access facilities.

e Environmental considerations of foundation type and placement methodology.

A key consideration of the turbine type relates to the geological and geotechnical characteristics
of the site, as described below.

2.4.2 General geological characteristics of the site, cable route
and landfall

The following description of the geological characteristics of the site are based on interpretation
of shallow geophysical and geotechnical surveys combined with bore hole data collected in the
Greater Wash area (Royal Haskoning 2005). The characteristics of the area are therefore subject
to confirmation when further more detailed geotechnical investigations take place.

The mobile surface sediment of the site and cable route, comprises mainly gravely fine to
medium sand, derived from reworking of the late Pleistocene glacial till bed known as the Bolders
Bank Formation. This glacial till overlies Cretaceous chalk bedrock. The upper surface of the
chalk slopes down to the north, from surface exposure near the shore to about 20m below the
bed to the north of the wind farm site. Both the glacial till and the chalk surface are cut by
channels and depressions, in filled by sand/gravel/clay/peat beds and covered by mobile surface
sediments. The most notable channel is the 10m — 20m deep Weybourne Channel, identified by
BGS running normal to the shoreline off Pollard Shoal. Figure 2.7 indicates the general
distribution presented by British Geological Survey (BGS), whilst Figure 2.8 and Figure 2.9
indicate the geology of the site at surface and depth. The thickness of the non-cohesive surface
layer varies widely. Close to shore it is generally less than 0.5m thick, while the bank at
Sheringham Shoal is up to 10m thick. The smaller Pollard Shoal has an approximate thickness of
3m to 5m. Both are surrounded by mega-rippled sand. Within the wind farm site there are sand
waves up to 3.5m in amplitude over the southern portion, while to the north there are areas with
only sand streaks and thin patches across the glacial till surface.

The location of the banks and the general bathymetry is apparently relatively stable although
analysis of historic data suggests that Sheringham Shoal has experienced some change to depth
and extent (see Section 6, Hydrodynamics and Geomorphology).

Plate 2.2 shows 6x1m core lengths, starting with the sand, then bolder clay and final chalk units,
taken from a vibrocore on the edge of Pollard Shoal.
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Figure 2.8  Surface geology of the site
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Figure 2.9  Subsurface sediments at two locations across the site
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Plate 2.2 6x1m vibrocore lengths, showing sand, bolder clay then final chalk units (VC5 edge of Pollard
Shoal)

Close to the proposed landfall area near Weybourne there is a change in coastal orientation due
to offshore banks, bathymetry, wave exposure and geology. To the west is a shingle barrier spit
extending over 15km westwards from Kelling to Blakeney Point, fronting low lying reclaimed land
and marshes. The shingle beach at Weybourne Hope slopes steeply to low tide level, where it
gives way to a flatter sand platform.

East from Weybourne the shingle beach is backed by eroding cliffs of glacial till above a chalk
base. The lower foreshore is formed by surficial gravely sand over a chalk platform. Plate 2.3 and
Plate 2.4 provide views from the landfall point towards the west and east respectively.
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Plate 2.3 Landfall looking east

Plate 2.4 Landfall looking west

May 2006 Scira Offshore Energy Ltd. Page 39 of 722



2.4.3 Foundation Options

Currently, it is anticipated that the following foundation types could be used in the construction of
the wind farm.

e Monopile;

e Multi — Pile (tripod structure with 3 piles);

e Multi — Pile (quadruped structure with 4 piles);
e Gravity Base;

e Suction Caisson; or

e acombination of the above.

The site geotechnical investigations are currently limited to the upper 6m in the proposed wind
farm site. The descriptions given below are therefore based upon general knowledge of the area
and are not specific enough for detailed engineering design. A variety of foundation types may be
suitable for the development, and the particular foundation type that is actually used would be
dependant upon environmental and functional requirements that would be assessed in more
detail.

However at the Sheringham Shoal site, with a large number of proposed wind turbines, it is
expected that standardisation would be a large element in the selection of the foundation and the
basis for the choice would, in most likelihood, be a solution combining the total lowest cost with
due consideration for environmental and technical requirements.

2.4.4 Monopile
24.4.1 General Description

With the exception of sites in the Baltic Sea which are generally in shallow water, a monopile has
become the standard foundation type for supporting wind turbines offshore. The monopile is a
large diameter steel tube that is either driven or driven and bored (see Plate 2.5 and Plate 2.6) to
an adequate depth to resist the design loading conditions. A steel tubular transition piece (with
boat access facilities attached) is then normally fitted over the top of the monopile and grouted to
it to provide a secure support for the tower. This is the most probable type of foundation that
would be adopted for turbines at the smaller end of the range. For the bigger and heavier
turbines being considered for this project, the required dynamic response of the structure and
turbine, and the required fatigue durability given the water depth, could be such as to drive up the
size and weight of a monopile so that other foundation schemes could be more attractive from a
cost viewpoint.
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Plate 2.5 Driven Pile Plate 2.6  Driven & Bored Pile

Pile dimensions are indicative only and are expected to be within the following ranges:

¢ Monopile diameter 5-7.5m

e Pile wall thickness 50 — 100 mm

e Pile length 35-85m

e Pile penetration 25—-70m

e Approx weight 200 — 1500 tonnes

e Transition piece diameter 5.2 -7.8 m

e Transition piece thickness 35 — 55 mm

e Transition piece length 35-40m

e Approx weight 150 — 450 tonnes

Current hammer availability dictates a maximum pile diameter of around 6m, although it is
anticipated that such hammer sizes could increase in the future. Therefore, pile sizes up to 7.5m
diameter have been considered.
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24.4.2 Construction

The monopile foundations are constructed onshore and are prefabricated prior to site delivery.
Steel plates are delivered from steel mills to fabricators where the steel plates are rolled and
welded together into a monopile structure. Various parts of the monopile could be constructed to
various plate thicknesses depending on the soil structure specific to the installation location (see
Plate 2.7, Plate 2.8 and Plate 2.9 depicting 4m diameter monopiles).

Plate 2.7 Pile prior to installation Plate 2.8 Internal Pile view

The monopile is typically jointed with the turbine by one of two methods. In the case of North
Hoyle, a 10m transition piece with flange and grouted connection to the monopile was utilised, to
which the turbine tower could be attached. The grout used would a high strength cementitious
grout or equivalent that is already commonly used in the UK offshore sector. In the case of
Scroby Sands the 4m diameter monopile was driven with a flange already fitted (see Plate 2.9),
negating the need for a transition piece, grouting equipment and grouting crew. It is envisaged
that the following quantities may be required:

e Grouting concrete requirement 20 — 100 tonnes per turbine

Plate 2.9 Pile, complete with tower flange, ready for loading
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2.4.4.3 Transportation

It is anticipated that monopiles would be transported to the development site offshore by one or
more of the following methods.

e Loading from the quayside on to a jack up barge, which is towed to the site by tug, or by self
powered installation vessel, to be transported to the site (see Plate 2.10);

Plate 2.10 Loading components onto jack-up barge from quayside

e A towed dumb barge/vessel shuttle service between quayside facility and site location (with
jack up permanently on site location).

e Sealing each end of the pile and towing the pile out to the location.

As an example, at the North Hoyle wind farm the monopiles were floated to the installation
location. At the Scroby Sands wind farm the monopiles were loaded onto a jack up which
proceeded to site and installed its cargo of five monopiles, before returning to the quayside
facility for a further five monopiles for installation. The number of vessels required for the delivery
would depend on the mode of transport.

2.4.4.4 Installation

Typically no seabed preparation is required prior to monopile installation but in seabed areas
prone to heavy scour it may be efficient to place a layer of crushed stone on the seabed prior to
installation. Once on the installation site, the monopiles would typically be lifted, secured and
driven into the seabed. In order to lift the monopile a safe and secure working platform is
required; this could be in the form of a jack up barge, complete with crane, or jack up vessel
complete with crane. Jack up barges are normally used for this operation (see Plate 2.11 and
Plate 2.12) providing a stable base for the large crane required and working platform for the pile
drive hammer and operating equipment.
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Plate 2.11 Monopile Hammer installation Plate 2.12 Monopile Internal Bore

Once the pile is on site it is lifted into a vertical position and secured in to the platform pile gate.
The monopile is then lowered to the seabed in preparation for the drive hammer. The crane is
detached from the pile and then attached to the pile hammer. The pile is allowed to initially sink
into the seabed under its own weight with constant surveillance of the vertical alignment on the
pile. If the pile is within vertical alignment parameters the first initial blows are initiated with the
pile hammer. Again constant checks would be maintained on the vertical alignment of the
monopile and close monitoring of the drive force would be maintained to ensure no failure in the
monopile structure.

Once the pile drive has been completed, the sleeve or the transition piece, if relevant, is placed
over the pile. The sleeve/transition piece contains the access ladders to the access platform, the
ships fenders (to protect access up the ladders) and the ‘J’ tubes for the export/import cables.

Depending on the soil characteristics it could be necessary to drill into the underlying strata in
order to reduce the driving force required to drive the pile. This would involve lowering a large
diameter drill into the pile and drilling out the internal soils, drilling would then be continued
beyond the end of the pile to provide a slightly smaller diameter socket into which the pile would
then be driven. This drill-drive-drill process would be repeated until the pile reaches its final
elevation.

The drilling would at maximum remove 3,100m® of material from a single pile and would be
undertaken using a closed loop drilling procedure. All material (including chalk fines) drilled from
inside the pile would be circulated within the pile and be pumped to the rig utilising a non—toxic
biodegradable lubricant. On the rig this material would be settled and separated from the
seawater. The seawater would then be returned to the pile/sea and the solids would be re-
deposited within the placed pile, disposed of in a pre-determined location offshore (e.g. licenced
disposal site), or returned to shore for disposal. Such a methodology would be aimed to ensure
that at no time would the drill cuttings come into contact with the water column around the pile.
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Figure 2.10 shows an indicative design of a monopile foundation.

Figure 2.10
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Indicative design of a mono pile foundation.
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2.4.5 Multi - Pile

2.45.1 General Description

The multi piled tripod or quadruped foundation option is a concept that has been widely used in
the offshore oil and gas industry and is constructed in steel (see Plate 2.13a, b and c). At the
time of writing, the multi-pile option has not however been installed for offshore wind farms, since
this foundation type is generally considered as being more suitable for larger scale turbines, soil
conditions not suitable for monopiles, and areas where difficulties arise in terms of seabed
preparation or scour protection.

Plate 2.13a, b and ¢ Illustrative multi pile foundations

2.45.2 Construction

For the tripod foundation a central core tube is typically supported by three raking and three
horizontal braces attached at their opposite ends to pile sleeves through which the piles are
driven and grouted. Alternatively, a mechanically swaged pile connection could be used. The
central column (which could be tapered) would extend from just above the seabed to the base of
the tower, most probably avoiding the need for a transition piece.

Page 46 of 722 Environmental Impact Assessment



Typically the following dimensions would be expected:

e  Structure base dimension 25-35m

e Number of supporting piles 3

e Securing pile diameter 14-30m

e Securing pile seabed penetration 20-65m

e Main column diameter 5-6m

o  Weight (including piles) 500 — 1500 tonnes

The quadruped structure is similar to the tripod structure except that four supporting braces and
four pile arms are utilised instead of three. Typically the following dimensions would be expected
for the quadruped foundation:

e  Structure base dimension 20 - 30m

e Number of supporting piles 4

e Securing pile diameter 1.0-3.0m

e Securing pile seabed penetration 20 - 40m

e Main support tube diameter 5-6m

o Weight (including piles) 500 — 1500 tonnes

2.4.5.3 Transportation

The transport methodology of the multi-pile foundation unit could be either in the self-floating
mode, or as a unit positioned on a transportation vessel (e.g. barge) in a similar way to that of the
monopile.

2454 Installation

The installation procedure described below is that for a tripod foundation structure. Installation of
a quadruped foundation unit would, however, be of a similar nature.

Prior to the installation of the tripod foundation it is anticipated that the seabed may require
levelling. Once on site, the tripod steel structure is lifted and placed on the prepared seabed,
where the structure would be temporarily supported by mudmats to prevent sinking into the
seabed prior to installation. The mudmats could be made from aluminium or steel. It is
anticipated that following final installation any loose sediments on the seabed would scour from
beneath the mud mats with the result that they would not be in permanent contact with the
seabed. The tripod would be secured to the seabed by driving piles through the tripod feet. The
piles would be typically driven by conventional surface/underwater hammer however, where
there is a particularly hard stratum to penetrate, drilling could be required. As for monopile
installation drilling would be achieved by utilising a drill-drive-drill approach.

The structure could be connected to the piles with conventional grouted tubular pile sleeve
connections. This would use up to a maximum of 25 tonnes of grout per pile, making a total
maximum of about 75 tonnes of grout per tripod or about 100t per quadruped. It is anticipated
that a maximum of 5 tonnes (5%) of grout may be released into the water column around each
structure as part of the installation process.

Upon completion of the foundation piling, should a flange not be utilised on the top of the tubular
structure, a transition piece may be fitted, this would also require approximately 20 to 100 tonnes
of grouting concrete'°.

As with the monopile foundation, scour protection may be considered for the tripod foundation.

' Range appropriate also for the quadruped
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Figure 2.11  lllustration of a Tripod Foundation

ELEVATION

Figure 2.12  Indicative design of a tripod foundation
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2.4.6 Gravity Base
2.4.6.1 General Description

The gravity base foundation is normally constructed from reinforced concrete with a steel tubular,
or alternatively concrete, column embedded/formed into it. This concept follows standard practice
onshore and has been used most frequently offshore in the Baltic Sea where the water depth has
generally been less than 10m. The principle is that the gravity base foundation relies primarily on
its own weight to provide the necessary resistance to overturning and sliding forces, even in
extreme weather conditions (see Figure 2.13). Some form of seabed preparation such as
placement of a layer of crushed rock may be necessary, however, a minimum requirement would
be to level the seabed, possibly, by up to 2.5m in depth, Any significant quantities of excess
material that needed to be disposed of, over and above surface leveling, would be taken off site,
although onsite disposal may also be an option.. The addition of a steel skirt designed to
penetrate the seabed could be included to assist stabilisation, with the effect that the size of the
base can be reduced.

Figure 2.13  lllustrative gravity base foundation

The size of the gravity base would be dictated by a number of criteria, including:
e  Weight required for stability, made up of self weight plus any ballast weight;
e Bearing area required on the seabed; and

e Depth of placement in sea bed
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Gravity bases are typically circular but may be square or multi sided (see Plate 2.14 a and b).
Dimensions of the gravity base foundations are likely to vary across the site to take account of
local seabed conditions and actual water depth. The required design would be completed
following more detailed site investigations. Typically, the design comprises a number of ballast
compartments surrounding the central column which together sit on a concrete slab as depicted.

The following dimensions would be typically expected:
e Base dimension (across flats) 30 —50m
e Base height (excluding steel skirt) 5-7m
e Column diameter 5-6m
e Column length 40-50m

Plate 2.14 a and b Examples of gravity based structures

Construction

Concrete construction is an established technology in the UK, therefore consideration would be
given to the concrete caisson foundations being manufactured locally. The foundation sections
might be cast at a local port (e.g. Lowestoft, Great Yarmouth) or further afield either on shore and
floated out to sea, or by casting on a dumb barge for onward transport to the installation location.
The quantities, for the concrete gravity base foundation are expected to be in the following range:

e Concrete 3,000 - 7,000tonnes
e Ballast (On Site) 5,000 — 25,000tonnes
e Scour Protection 1,250 — 2,000m®

o Steel reinforcement 150 — 500tonnes

2.4.6.2 Transportation

The concrete gravity base foundation may be prefabricated in such a way as to allow the
structure to be floated from the construction yard to the installation site. Tugs would tow the
structure in a controlled manner, but weather conditions and a clement sea state would be critical
for such a tow. Ideally, construction would be undertaken locally to allow for transport in a timely
manner with a lower risk of weather downtime.

Alternatively, the concrete gravity base foundations could be prefabricated on the deck of flat top
barges, allowing easy transport to site with less dependence on suitable weather conditions. Use
of barges allows the fabrication of the foundations to be undertaken at a greater distance from
the wind farm location.
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2.4.6.3 Installation

Once on site the ballast compartments of the floating gravity foundation would be progressively
flooded to allow a controlled descent to the seabed which is first prepared by levelling and
placement of crushed stones. Once in position on the seabed, the ballast compartments would
be filled with heavy stones, rock or hematite (iron ore). The source of this material would be
determined by the Contractor.

Should the gravity foundations arrive on flat top barges they would be offloaded from the barges
by a floating crane vessel (see Plate 2.15), and gently lowered on to the seabed.

Plate 2.15 Transportation of Gravity Based structures

Figure 2.14 shows an indicative design of a gravity base foundation.
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2.4.7 Suction Caisson

24.7.1 General Description

Suction caissons are an alternative to driven or bored piles, especially in sandy soils, and can be
used with monopile, tripod or quadruped foundations (see Plate 2.16a and b). They are similar to
upturned buckets that penetrate the seabed typically to a depth of about 8 - 15m to anchor the
structure in place. When used with a monopile there would be a single suction caisson, of
typically 20 - 30m in diameter, in place of the pile. When used with the tripod and quadruped
structures, multiple caissons would be used with each one typically being 5m - 10m in diameter.

Plate 2.16a lllustrative multi leg suction caisson

Plate 2.16b  Suction Bucket Foundation
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24.7.2 Construction

The suction caisson is normally constructed from steel and can be prefabricated onshore prior to
site delivery.

Transportation

The suction caisson may be transported to site as an integral part of the foundation unit. This
type of foundation design is ideally suited to “floating” transport.

2.4.7.3 Installation

Installation would be expected to comprise lowering the structure (onto a previously levelled
seabed) by either crane or release of air from ballast tanks. Once on the seabed the suction
caissons would be installed by sucking the water from inside the caisson, so that the reduced
pressure within the caisson allows the caisson to be forced down into the seabed due to self
weight and hydrostatic head of water surrounding it.

2.4.8 Foundation Types related to Size of Turbine

The range of turbine characteristics is such that not all the foundation types discussed above
would be appropriate solutions for all turbines types. Table 2.4 presents a matrix showing the
anticipated foundation types for each turbine. It should be noted that there are likely to be
specific geotechnical issues, as yet unknown, that would influence the final selection of
foundation types. This summary, however, is based on what is currently known about the site.

Table 2.4 Indicative Foundation Types applicable to Different Wind Turbines

Foundation Type

Turbine Monopile Tripod Quadruped Gravity Single Multiple
Capacity Base Suction Suction
Caisson Caisson
3MW X X X X
3.6MW X X X X X X
4. 5MW X X X X X X
5MW X X X X X
MW X X X X

2.5 Scour and scour protection

Scour can occur around any structure placed on the seabed. It occurs when the soil particles
around the structure are displaced by the action of eddy currents generated in the near vicinity of
a structure that causes obstruction to the flow. This effect leads to seabed disturbance.

The severity of the scour depends on the wave and current velocities at the site, the type of soil
(sand is more likely to scour than clay due to its granular structure) and the size and shape of the
obstruction. Scour manifests itself by the formation of scour holes that are formed immediately
around the obstruction and extend outwards from it.

If scour protection is found to be necessary, protection would primarily be used to ensure
structural integrity of the foundation during its design lifetime. This is especially important for the
integrity of gravity and suction caisson foundations. For piled foundations, both monopile and
multi-pile systems, it is feasible to design for the effects of scour occurring. This usually means
taking account in the design for loss of lateral support to the pile at the seabed and results in
marginally longer piles.

To provide for scour in the design of the piles could be more cost effective than to provide
protection against scour. However, for all foundation designs, including a monopile and multi-pile
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systems it is also necessary to consider the effect that scour would have on the cables leading
from and to the foundation. Scour protection could be the only viable method to ensure the long
term integrity of the cables.

Scour protection would be provided by the placement of rock, concrete mattresses or frond mats
around the foundations, these methods may be used alone or in combination as described
below;

¢ Rock dumping — This method involves placing graded rock onto the seabed around the
foundation to stabilise the soil. Typically for a monopile, a 5-15m wide ring is used.

e Concrete mattresses — Concrete mattresses are made of concrete blocks of which there are
a range of sizes and shapes; woven together with high-strength non-biodegradable rope to
form a mattress. The mattresses would be placed around the foundation to prevent scour.

An example of a concrete mattress is shown in Plate 2.17.

Plate 2.17  Concrete Mattress (Source: Submat/SLP Engineering)

¢ Frond mats — These are made from a series of non-biodegradable fronds tied to a net or
mat, the fronds are anchored to the seabed or attached to the top of mattresses to capture
floating sediment. This results in the formation of a protective barrier.

An example of Fronds is shown in Plate 2.18.

Plate 2.18  Fronds (Source: Pro-dive marine services)

The actual size of scour protection measures would depend on the seabed soils, local current
and tide effects and the configuration of the structure. Each of the foundation types considered
has a different susceptibility to scour. Plate 2.19 below shows scour around a test model of a
single suction caisson foundation on sand.
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Plate 2.19  lllustrative Scour Effects (source: HR Wallingford)

Table 2.5 indicates which foundation types would require scour protection and the likely extent of
the scour protection required.
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Table 2.5

Indicative scour and potential scour protection per foundation option

Foundation Overall Area of Need for Area Volume of Area Approximate Total Area
Type Foundation Seabed Scour Affected by Scoured Covered by Volume of of Seabed
Diameter Covered Protection Scour if no WEICHEIN Scour : Scour : (Foundation
with Scour no Scour Protection Protection +Scour
Foundation Protection Protection (m?) per Turbine Protection)
(m) Structure (m?) (m?3) Foundation 2
. (m?)
(mZ) (m )
Monopile 50-75 20 — 45 As required ©® N/A® N/A® 0-550" 0-550® 20 — 595
. . 14-3W , (2 3)
Piled Tripod 45-22 Unlikely 40-45 15-20 0-375 0-375 4.5-397
(3 piles)
(4)
Piled 1.0-3 3-30 Unlikely 5055 20-25 0-500 @ 0-500 @ 3-530
Quadruped (4 piles)
Gravity Base 30 - 55 700 — 2400 Yes N/A N/A 1250 -2000 " | 1250 —2000 © 1950 — 4400
Single Suction 25-35 500 — 1000 Yes N/A N/A 1100 - 1400 " | 1100 — 1400 ©® 1500 — 2400
Caisson
. . 5-10@ ) )
Multiple Suction 55-235 Yes N/A N/A 250-1020 250 — 1020 355 - 1255
Caisson (3 suction
buckets)
Notes: 1) Based on 10m scour protection around structure.
2) Based on 5m scour protection around each pile.
3) Scour protection assumed to be 1m deep.
4) Diameter of single pile/bucket given.
5) For most soil types scour is expected to be minimal. For soil types in which scour will occur, scour protection will be provided.
Page 56 of 722 Environmental Impact Assessment







2.6 Seabed disturbance

The magnitude of seabed disturbance produced by each foundation option is important to
quantify, as it is seabed disturbance that leads to potential effects that must be considered as
part of the EIA process. Direct disturbance and loss of the seabed would result from the footprint
of the foundation, including any seabed sediment removal and scour protection. Indirect
disturbance to the seabed would result from the effects of scour, in the cases where no scour
protection is proposed (see Table 2.5). Table 2.6 provides the area of direct seabed disturbance
by foundation as well as the approximate volume of soil to be removed. Any excess material that
needed to be disposed of would be taken offsite (although onsite disposal may also be an
option). Table 2.7 provides an indication of the percentage of the wind farm site which would be
disturbed directly by the foundation and scour protection.

Table 2.6 Direct Seabed Disturbance and Volume of soil removed

Foundation Type Overall Foundation Diameter | Approximate Volume of Soil
(m) Removed per Turbine (m®)
Monopile 50-75 0- 3100
@)
Piled Tripod @ 14-3 0-900
(3 piles)
_o @
Piled Quadruped @ 14-2 0 - 550
(4 piles)
Gravity Base © 30 - 55 2000 — 5000
Single Suction Caisson 25-35 0
. . . 5-10 @
Multiple Suction Caisson 0
(3 suction buckets)
Notes
1 It is anticipated that there would be no sediment removal if piles are driven rather than drilled.

The calculations are based on a 7m monopile that has been drilled. This is the worst case.
Soil removal would only be required if piles require drilling which is unlikely

2
3 Differing levels of seabed preparation and levelling would be required up to 2.5m depth.
4 Diameter of single pile/bucket given.
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Table 2.7 Indicative seabed Disturbance Effects for Different Foundation Options for the maximum and
minimum number of turbines

Foundation Type % Wind Farm
Site Covered with Structures and Scour/Scour Protection
108 x 3MW Turbines 45 x 7MW Turbines
Monopile 0.18 0.03
Piled Tripod 0.12 0.05
Piled Quadruped 0.17 0.07
Gravity Base 1.35 0.56
Single Suction Caisson 0.75 0.31
Multiple Suction Caisson 0.38 0.16

Note: All percentages are based on combined maximum structure and scour protection size multiplied by the no.
of turbines as a percentage of the total wind farm area.

2.7 Turbines

2.7.1 General turbine description

A decision on the particular turbine size, manufacturer and model has not as yet been made and
would be part of the Contract Tendering process at a later stage of the project. For the purposes
of the EIA, therefore, a selection of turbines have been considered ranging from 3MW to 7MW.

The proposed turbine towers would be fabricated from rolled steel, welded into sections, with
access ladder and cabling housed internally. The number of turbine tower sections would depend
on the agreed final height/name plate capacity of the turbines to be utilised. The 3MW machine,
with an expected tower height of about 56m, would be expected to have two tower sections
whereas the 7MW machine, with a anticipated tower height of around 86m, would be expected to
have a minimum of three tower sections. A summary of typical turbine characteristics is provided
in Table 2.8.
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Table 2.8 Summary of Typical Turbine Characteristics (dimensions indicative)

Component Turbine
3.6MW 4. 5MW
Turbine Power (MW) 3 3.6 4.5 5 7
Hub Height (m) 67 75.5 82 85 97
Rotor Diameter (m) 90 107 120 126 150
Max Tip Height From 103 120 133 140 164
Tower Base (m)

Tower Base Diameter (m) 4.5 5 5.5 6 6
Notes: 1) Hub height given relative to MHWS level.

2.7.2 Turbine Installation

In general it is anticipated that the turbine components would be loaded onto a jack up/dumb
barge or side leg stabilised vessel at the operations support base port (eg Lowestoft, Great
Yarmouth or one of the Humber ports such as Grimbsby or Hull), and either be towed to site, as
with a jack up/dumb barge, or travel under its own power. Once on location the jack up
barge/transport vessel would secure itself to the seabed to provide a stable base for crane
operations and turbine installation procedures.

A typical installation could have the following format: The first lift would be to load the base tower
section onto the foundation base (see Plate 2.18), a possible second and third tower section may
follow (depending on the type of turbine model) until all the tower sections have been loaded and
secured to the foundation (see Plate 2.19a-i). The nacelle would then be hoisted and located at
the top of the tower and securely bolted down. The rotor hub, complete with two/three blades,
would then be lifted onto the front of the nacelle and secured, if required the third blade would
then be fitted. It is anticipated that each turbine would take approximately 48 hours to install.

Plate 2.20 Making Ready For Turbine Tower
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Plate 2.21 a - i Turbine assembly
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Access into the tower would be via a secure door entry in the base, with lift/access ladder to
intermediate levels contained within the tower. Control cabinets and breakers would be placed
within the tower.

The nacelle would contain the drive shaft, gear box, generator, transformer and maintenance
crane, the crane being able to remove the components from within the nacelle and lower them to
the base of the turbine, without the need for external craneage.

Emergency lighting and basic survival amenities would be provided in case required by stranded
crews (e.g. due to bad weather).

All functions of the turbine would be monitored and controlled by micro-processor based control
units mounted within the nacelle and tower. Blade pitching would be activated by either hydraulic
or electrical motor system, depending on the turbine model chosen. Yawing of the nacelle would
be carried out by a number of electrical yaw gears, which mesh with the large toothed yaw ring
mounted on the top of the tower.

A counter device may be attached to the base of the nacelle to ensure the nacelle does not
undertake too many complete rotations in any one direction. Too many rotations would damage
the power cable from the nacelle to the tower. The nacelle cover protects all the components
contained within the nacelle, and access to the nacelle is gained through an opening from the
tower.

Typically, turbine blades are manufactured from glass fibre reinforced epoxy with each blade
consists of two blade shells which are bonded to a supporting beam. Each blade would be fitted
with a lightning conductor, embedded in to the tip of the blade and running the length of the blade
internally. Special steel root inserts connect the blade to the blade bearing which in turn would be
fitted to the blade rotor hub. The blade rotor hub is in turn attached to the drive shaft placed
within the turbine

2.7.3 Operational Turbine Noise levels

Noise emissions from wind turbines can be divided in to two main sources: those emitted from
the blades and those associated with mechanical noise. The noise levels associated with the
blades are known as aerodynamic noise, and are created by the wind passing over the blades.
The mechanical noise is mainly attributed to that emitting from the gear box and the generator.

Currently available noise data for the following turbines indicate noise source levels at 10m/s
wind speed 10m height above ground (IEC 61400-11 edition 2, 2002) as:

e Vestas V90 (3MW) 108.0 dB (A)
« REpower 5M (5MW) 108.7 dB (A)

Figure 2.15 shows the 35dB(A) contour of the wind farm. 35dB(A) corresponds to a negligible
noise level. For example, the maximum noise level for built environment during night time is 41
dB(A).

The most sensitive receptors to noise are considered to be residents along the north Norfolk
coast, however, the distance separation between the noise source and the receptors completely
mitigates any potential noise impact. It is not considered that other users of the sea, for example
those on commercial or recreational vessels, would experience any adverse impact from the
noise levels, even allowing for slightly higher noise levels from 7MW machines (assumed to be
the worst case even though there would be fewer of them).

Given these results, airborne noise from the turbines has not been considered further within the
EIA.
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2.8 Other Offshore Components

2.8.1 Offshore Transformer Station
2.8.1.1 General description

One or two offshore transformer substations would be required to increase the generated voltage
and to contain the necessary switchgear and plant. The inter turbine cabling is anticipated to be
at a voltage of 20-50kV, which would collect at the offshore substation(s) (see Plate 2.22). The
substation(s) would contain the necessary switch gear and transformer(s) to increase the voltage
from 20-50kV to voltages of up to 150 kV. The power generated offshore would then be exported
to shore at voltages up to 150 kV.

The exact number and location of transformer stations within the wind farm would be finalised at
a later stage and may be influenced by factors including turbine selection and equipment/cable
costs.

Plate 2.22 lllustrative offshore transformer substation

The engineering of the substation(s) has not progressed to a sufficient level of detail to provide
detailed qualitative data parameters. However as a general indication the substation(s) would be
expected to be around 20m x 20m x 15m in height and an approximate weight of between 600 —
2000 tonnes.

The main elements of the substation would be as follows:

e 20-50kV to up to 150kV transformer(s) and associated switch gear;

e Reactive compensation equipment;

e Back up communications power by small generator or battery backup;
e Possible diesel generator and tank;

e Possible emergency accommodation with associated facilities; and

e Possible emergency helipad facility.

Any liquids stored or utilised on the substation would be safely stored and adequately bunded to
minimise any possible risk of spillages.

2.8.1.2 Construction

The majority of the construction of the offshore substation(s) would be undertaken onshore.
Works might be undertaken at any yard with steel fabrication modular offshore construction
experience. Consideration would be given to using the fabrication facilities available at either
Lowestoft and Great Yarmouth or at one of the Humber ports such as Grimsby or Hull. All
electrical switch gear, transformers and necessary panels are envisaged to be fitted onshore
prior to transportation to site.
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2.8.1.3 Transportation

The substation would be transported to site by either a barge, or a transport vessel with large flat
load deck. The advantage of the transport vessel being that it would be able to power itself to the
location whereas the barge would require tugs.

2.8.1.4 Installation

The completed substation, once transported to the site, may be lifted by a shear leg crane or a
jack up barge and would be placed on the chosen foundation type most suitable for the ground
conditions. The foundation type could be the monopile, tripod, quadruped or the gravity base
structure or a purpose designed steel framed foundation. It is anticipated that the substation
would be painted the same marine grey as the wind turbines with the requisite navigation lights.
Boat access would also be provided for operation and maintenance and emergency
requirements.

2.8.2 Meteorological Mast

It is currently anticipated that a meteorological mast would be installed as part of the
development in order to measure ambient wind speed. The mast would be located in the north
west corner of the wind farm site (53° 10.4687N 01° 4.6625E) in water depths of around 15-17m
(LAT).

2.8.3 In-field cabling

2.8.3.1 General description

It is anticipated that the turbines generating voltage would be stepped up to 20-50kV by onboard
transformers situated in either the turbine nacelle or turbine tower. The inter connecting turbine
cables would be laid between the turbines and terminate at the offshore substation(s). Each
interconnecting cable may contain a fibre optic cable via which communications between the
turbine, substation and shore would be passed.

2.8.3.2 Cable layout, burial and connection

Figure 2.17 provides an indication of how the wind farm inter turbine cabling might be laid out for
a 45 x 7TMW layout. However it should be noted that the final electrical design and cable routing
has not yet been determined and may vary.

The inter turbine cable is anticipated to be approximately 100-200mm in diameter and to be
buried to a target depth of approximately 1-3m within the site depending on ground conditions.
The cable would most probably be winched up to the turbine through a foundation mounted ‘J’
tube and ducted from the ‘J’ tube, into the turbine tower.

The cable could be buried by one of two methods generally used for shallow water cable
installations namely, the ploughed method or the trenched/jetted method. Outline methodologies
of these two methods are described below.
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Figure 2.16  Indicative inter turbine cabling layout (45 x7 MW)
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2.8.3.3 Towed Plough Method

The plough would be attached to a barge and placed on the seabed. As the barge moves
forward, the plough is dragged along the seabed. The marine cable is paid out from the barge
into the front of the bell mouth of the plough. The cable passes from the bell mouth to the cable
trough and on through the plough share (see Plate 2.23 a-d). As the plough is dragged the share
cuts a deep narrow trench for the cable and the cable is dropped into the trench, and held there
by a depressor.

Plate 2.23 a-d  Ploughed cable installation (across a beach with some pre-excavation in places)

As the plough is dragged along, and the share cuts into the seabed, the trench behind the plough
collapses onto the cable leaving only a small indent on the seabed. The depth of the cable burial
can be adjusted by the variation of the height of the plough skids at the front of the plough.
Sensors mounted on the plough would indicate critical parameters which include, but would not
be limited to, depth of burial, and cable tension during ploughing.

2.8.3.4 Self Propelled Ploughs

Self propelled ploughs vary from towed ploughs in that they do not rely on a barge for towing, but
use a caterpillar track system (see Plate 2.24). The self propelled plough could also have the
cable drum mounted on it, reducing the need for vessel mounted cables but requiring pre cut
cable lengths, which can be wasteful.
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Plate 2.24 Self propelled plough

2.8.35 Trench Method

For short runs, for example in proximity to the foundation bases, the trenching method could be
utilised. For this method a trench is excavated by either a digger from above sea level or a jet
equipped remotely operated vehicle (ROV) from below (see Plate 2.25), the cuttings from the
trench being placed to one side. The cable is then laid in the excavated trench and the cuttings
back filled over the laid cable. This system tends to be slow, costly and highly susceptible to
strong sea currents which can quickly backfill the excavated trench before the cable has been
successfully laid.

Plate 2.25  Jet equipped remotely operated vehicle

2.8.3.6 Jetting Method

There are two methods of jetting, namely, fluidising the seabed and forward jetting. The fluidising
method operates by a sledge being placed over the cable to be buried, jets fluidise the seabed
under the cable and the cable sinks in to the seabed under its own weight (see Plate 2.26 a and
b). The forward jetting method is usually undertaken on a towed base or could also be self
propelled. High pressure water lances form a trench in advance of the cable, which is
subsequently dropped into the trench which is allowed to collapse around the cable.

Plate 2.26a Jetting Sledge Plate 2.26b Remote Jetting Sledge
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The preferred cable burial method would be determined in discussion with the installation
contractor following a more detailed engineering assessment.

2.9 Site to Shore (Export) Cables

2.9.1 General description

As described above from the offshore substation(s) the wind farm output would be transmitted
via two export cables to landfall in the vicinity of Weybourne Hope. Each of the two marine export
cables is anticipated to be a three core armoured XPLE cable with an anticipated diameter of
around 150-250mm. It is anticipated that total burial distance from the wind farm to shore would
be between approximately 21 and 22km, depending on the route taken. Again, a fibre optic
communications cable may be incorporated into the marine cables.

Cable burial depths would vary according to factors such as ground conditions experienced, but
are expected to range from approximately 0.5m to 3m. The export cables are anticipated to be
up to approximately 100m apart for the majority of the offshore route.

Two cable route options are currently being considered, namely:

o A preferred direct route from the wind farm to landfall crossing Sheringham Shoal
(approximately 21km); and

e An alternative western route avoiding Sheringham Shoal (approximately 22km).
These routes are shown in Figure 2.17 and described below.
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Figure 2.17  Wind Farm site and export cables.
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29.1.1 Direct route crossing Sheringham Shoal

The preferred export cable route is positioned to traverse the shortest length of sea bed whilst
avoiding (as much as possible) hard materials (Chalk) at surface. The route is therefore related
to the outcrop at the sea bed of ‘softer’ geological formations to allow easier burial and avoid
disturbance of chalk.

The cable is positioned to cross two mobile sand banks; Sheringham Shoal (medium to coarse
sand with migrating sand waves along its flanks) and Pollard Shoal (sand and gravelly sand).
Across the flanks of Sheringham Shoal the cable could be positioned in a trough of a sand wave.
The troughs of the sand waves are approximately 1-2m in depth with a wave length of 120-200m.
It would therefore take over 40 years for the crest of the sand wave (assuming a migration rate of
several meters per year) to pass over the cable location before the cable is located beneath the
trough of the adjacent sand wave.

The flanks of the Shoal have a gradient of 1:80 with a minimum LAT water depth of around 5 -
6m. The gradual movement of the Sheringham Shoal in a south easterly direction is also
responsible for the gradual depletion of sediment on the northern side of the Shoal, in the order
of 1min 10 years (see Section 6).

Between the Sheringham Shoal and the wind farm site, the cable is positioned to cross
predominantly Bolders Bank Formation (till) at surface whereas south of the Shoal it crosses
Swarte Bank and Egmond Ground Formations (heterogeneous tills, sands and clays). Closer to
shore the cable follows the outcrop of the Weybourne Channel deposits (sand/gravel overlain by
silt/sand) which are likely to extend to where the cable corridor meets the coast in the vicinity of
Weybourne Hope. However, Chalk is crossed along three shorter sections of the route south of
the Shoal, totalling approximately 1.6km. This was unavoidable and was dictated by the extent
and orientation of the Chalk outcrop in a direct line between the wind farm site and the land fall
sites (Royal Haskoning, 2005). The Chalk may be covered by recent sediments (various
lithologies) or a sand/gravel lag up to 2m thick (see Figure 2.18).

The direct route is preferred because of its shorter length, and because there would be no need
to cross the North Norfolk SAC. Latest information from English Nature indicates that the
Sheringham Shoal is not on the shortlist to be designated as an SAC (see Section 5, Nature
Conservation Designations).

29.1.2 Alternative western cable route

An alternative export cable route passes around the western end of Sheringham Shoal joining
the preferred route at a point south of the Shoal. The sea bed geology of the alternative route
has not been mapped in detail. This route was originally identified to avoid any potential
problems with exposure of the cable due to migrating sand waves identified along the north (and
possibly south) flank of Sheringham Shoal and any potential larger scale movement of the bank
as a whole. As the alternative cable route is positioned to pass around the western end of
Sheringham Shoal it should avoid any interaction with large (bank) or small (sand waves) mobile
bedforms. However, if the route does interact with the sand waves, they are large enough for the
troughs to accommodate burial of the export cables.

The proposed alternative route is approximately 1km longer than the direct route and would
cross the periphery of the offshore SAC area (see Section 5).
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Figure 2.18  Wind farm export cable routes and Chalk outcrops

2.9.1.3 Export Cable laying

It is proposed that the cables be laid to a minimum depth of 1m below the seabed except for the
crossing of the Pollard and Sheringham Shoals where a depth of approximately 1-3m would be
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expected for these areas. It is anticipated that the cables would be buried within a minimum
850m corridor and have a separation of up to 100m.

A temporary construction corridor of approximately 1200m would be required. The construction
corridor is used for placement of the anchor arrays which the cable laying barge vessel uses to
pull itself along with the cable burying plough in tow (see Plate 2.27). An accompanying tug
would reposition the anchors as and when required by the cable laying barge. In order to
minimise sediment seabed disturbance the cable plough method of installation is likely to be
used, although a final decision has not yet been made.

Plate 2.27 Cable plough behind tow vessel

Once the first cable has been buried the second cable burial would commence which would run
parallel to the first with a minimum separation of about 50m, but contained within the 850m
corridor. A cable burial rate of 1-1.5km a day should be achievable (speeds of 1.5m/s could be
achieved dependant on soil conditions). The actual rate at which the cables would be buried
depends on seabed formations, geology, tidal currents and weather; however it is anticipated
that each cable would take a minimum of 13 days to lay. No cable crossings are required.

2.10 Construction Safety Zones

As described in 2, under the provisions of the Energy Act 2004 it is proposed that a 500m safety
zone would apply around each offshore structure, to ensure the personnel carrying out these
activities and those navigating in this sea area are not exposed to unnecessary risk (see Section
14, Shipping and Navigation).

2.11 Construction Noise during installation

During construction, a number of operations would be taking place which are likely to be the
source of elevated noise levels. Over and above general construction activities, piling using a
driven technique would lead to the greatest increase in noise levels. BS 5228: Part 1: 1997 Noise
and vibration control on construction and open sites is the standard normally used to assess the
impacts of construction noise upon nearby residential properties; however, the distance over
which the noise is expected to propagate means that any prediction of site-based noise at
residential receivers would be extremely unreliable; the standard states that “At distances over
300m noise predictions should be treated with caution...because of the increasing importance of
meteorological effects”. It is probable that more local sources of noise would tend to dominate
and influence the ambient noise climate near the receivers.

The following simple, standard calculation can be used to show that with source noise levels of
120 dB(A) Leg (pers. Comm.. MENCK GmbH) from the piling operations, at landfall some 17km
away, receiver noise levels would be in the region of 27dB(A), assuming hemispherical
propagation of the noise over a hard reflecting surface:
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Sound pressure level @ receiver dB (A) = sound power level - 20 Log4, (Distance) — 8
Sound pressure level @ receiver dB (A) = 120 — 20 Log1o (17000 m) - 8 = 27 dB(A) Leg

These noise levels are not only short term but would be well below typical rural background (Lago)
noise levels in the UK, which are normally in a range from the mid 30’s to mid 40’s dB(A).

In addition, the UK is predominantly subject to southerly or south-westerly winds, which would
tend to significantly reduce noise levels upwind of the source (i.e. on the north Norfolk coast).

It could be possible, under extremely calm conditions and with a temperature inversion or with a
gentle prevailing easterly wind, that the low frequency impulsive ‘thump’ associated with the
noisier piling activity, would be audible at these distances. However, the energy level and hence
perceived loudness of any received noise would be very low indeed and should certainly not be
expected to be the cause of nuisance.

Other construction activities would tend to be between 5 and 30 dB quieter than the piling noise.
and would possess less intrusive characteristics than pile-driving. These other construction
noises are unlikely to be audible or the cause of nuisance on land, at 17km distance, under
normal meteorological conditions.

Underwater noise is addressed in Section 9, Marine Ecology, 10, Natural Fisheries and 11,
Marine Mammals.

2.12 Onshore Project Components
2.12.1 Introduction

The marine cables would be landed in the vicinity of Weybourne Hope, crossing the shingle
beach to be anchored firmly and jointed to the land based cables at one or more cable
connection pit(s) (see Plate 2.26 a, b and c). As discussed with officers of North Norfolk District
Council (NNDC) and the landowner, the land based cable route would cross the museum
grounds in a southerly direction for approximately 750m until terminating at a switch room,
located adjacent to the museum. It is anticipated that from here suitable connection(s) to either
EDF’s 132kV network and / or National Grid Transco’s 400 kV network would be made. (Consent
for this new connection will be applied for separately).
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Coastal Path

Plate 2.28a View looking east from the landfall point

Access to beach

Cable direction Stratos cable landing

Plate 2.28b Panoramic view from behind the Joint Pit position, looking North.

Cable Landing

Access track

Plate 2.28c View from Museum looking North North West toward landing area
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2.12.2 Onshore Cable Construction Methodology
2.12.2.1 Landfall

The construction methodology at the point of landfall has not yet been finalised and is pending
detailed technical investigations. The description below is based on preliminary engineering
studies.

It is currently proposed that in order to bring the marine cables ashore the “beaching “ of the
cable would be undertaken in three key stages;

o Stage One - Directional borehole preparation and completion;
o Stage Two - Beach preparation; and
o Stage Three - Cable drawing process.

These stages are described in outline below. A detailed methodology would be agreed with
NNDC prior to construction, including details such as working hours.

Stage One - Directional borehole preparation and completion

The cliff at the proposed landfall is made up of various grades of clay and sand with flint and
chalk boulders, with the predominant bedrock being chalk. The beach itself is made up of a
stone/ shingle bank which is highly mobile. The mobility of the shingle bank is dependant on the
state of the tides and the sea state. The low water area of the beach is made up of sand, shingle

and finer stones.

In order to protect the cliff edge and ensure the natural sea defences are not weakened as well
as minimise any impact on the top soil, coastal path, flora and fauna, it is proposed that the cable

be ducted under the cliff line as illustrated in Figure 2.19.
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Figure 2.19  Cable Landing lllustration

Directional bore equipment would be erected at the cable connection point and the bore hole
drilled. A duct liner would then be installed, through which the cable would be later drawn. It is
anticipated that a liner in the region of 300 — 350mm would be required in the drilled duct, to
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provide adequate clearance for a 150 - 250mm diameter cable, the bullnose (pulling head),
stoppers and strap wires at the head of the cable. It is anticipated that installation of the duct liner
would take less than one tidal cycle.

Two separate ducts would be required for the two cables. The separation of the ducts at the
connection pit would typically be 2m as this enables the duct entrances to be stable enough not
to impact on each other and also acts as adequate separation for the cables to protect against
heat transfer.

Stage Two - Beach Preparation

The duct exit can be positioned anywhere to the seaward side of the shingle bank subject to the
technical parameters of the drilling operation. An exit close to low water mark would minimize
removal of shingle, however, enough beach space is required to allow for the duct liners to be
pulled back through the directional drilled hole. The duct exit would be approximately 1m below
the natural seabed/beach.

Prior to cable installation, the beach site is prepared. This involves:
e Setting up a pulling winch at the connection pit;
o Excavation to locate the pre-installed duct using diggers;

o Clearing or ‘Pigging’ of the duct to ensure it is clear, reeving of the pulling line and
temporarily sealing the end to ensure no further debris enters the duct; and

o Attachment of a marker line to easily locate the duct end.

On the day of installation the beach requires final preparation involving the following tasks:
e Opening up of the beach to locate duct end;

e« Move away excess pebbles between the duct end and the water line; and

e Undertake diver inspection of the cable route out to installation vessel.

Stage Three - Cable Drawing Process

A hauling line from the vessel is brought ashore and taken around a quadrant placed on the
beach to the landward side of the duct entrance. The line is attached to a digger which then
proceeds along the beach, hauling in the cable which is paid out from the vessel with flotation
buoys attached. This continues until the cable end is in line with the duct entrance. The cable
hauling line is then attached to the cable end. The winch at the connection pit then takes over the
cable pull. Once sufficient cable is ashore, the cable is temporarily anchored. The floats are
removed by divers and the cable left laying on the seabed. Cable testing would take place to
ensure that the cable is intact.

At the next high water the installation vessel would approach the beach, launch the plough and
commence laying and burying of the cable. On any exposed beach area the diggers would dig a
trench alongside the cable and then lower the cable into the trench. This trench is below the
natural ‘seabed’ level. At low water springs this operation would continue offshore to meet up
with the plough burial start position.

The operation is anticipated to typically take one to two days for preparation, one day for the
installation and two days for beach burial out to the spring low water mark. During non working
periods, the cable would be buried at a shallow depth to ensure safety. Public access would be
restricted to the area during the installation period.

2.12.2.2 Cable Connection Pit

Once drawn through the cable ducting it is anticipated that each marine cable would terminate in
a concrete based connection pit. It has not yet been decided whether connection pits for each
marine cable would be situated adjacent to each other, separated in order to enhance connection
security, or combined in a single larger pit.
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The cable connection pit(s) would be constructed on the southern side of the beach and located
above the 50 year flood level and behind the 50 year beach retreat level. It is anticipated that the
cable connection pit(s) would be approximately 1m below the land surface and would each have
the following approximate dimensions:

e Length 10m
e Width 3m

Following connection of the marine cables with the onshore cables, the cable connection pit may
be back filled with sand. Concrete high voltage tiles would be placed on top followed by the
replacement of soil and reinstatement of the surface.

Once installed, the connection pit(s) themselves are not expected to require access unless a
fault requires excavation. However, routine access would be required to the cable's sheath and
earthing system and it is anticipated that this would be provided by the use of 'link boxes'. These
are small pits located in the vicinity of the connection pit(s) containing links and sheath voltage
limiters. Link boxes are anticipated to be approximately 500mm deep, with access and protection
provided via a manhole cover.

2.12.2.3 Land Cables

From the cable connection pit(s) land cables would be routed to the switch room. These cables
would operate at voltages up to 150kV. The cables would consist of either two 3 core cables or
three single core cables for each of the two marine export cables. One or more fibre optic
communications cables may also be included.

A trench would be excavated from the cable connection pit to the proposed switch room. The
trench would be constructed so as to have dimensions of approximately 2m — 3m wide at its
deepest and, where practical approximately 6m wide at surface level, minimising the need for
costly and slow shuttering to stabilise the trench. The trench would be excavated to sufficient
depth to ensure that the cables are buried to a target minimum depth of approximately 1m below
the land surface. An excavator would be used to form the trench, although hand digging may be
required around obstacles. Topsoil and subsoil would be stored separately. Cables would be
bedded on a layer of sand with protective warning concrete tiles placed above the cables as well
as a warning tape. Following this the subsoil and topsoil would be replaced and the route
reinstated.

It is envisaged that a 20m working corridor would be required in which to bury the cables.
2.12.2.4 Switch Room

The proposed switch room building would be brick built with a flat or pitch roof with dimensions of
up to 20m x 10m and a height of up to 5m. The equipment specification for the switch room has
not been finalised however equipment could include, reactive compensation facilities, switchgear
and metering. The wind farm’s communications and computer links connected to any fibre optic
communications cable may also be housed in the switch room.

Following discussions with NNDC, screening of the building would be provided, for example via
extension to the existing tree belt and / or use of raised banks. The building would be designed to
blend in as far as practical with the World War Il theme of the existing buildings and the
woodland backdrop (see Plate 2.29a-d) when viewed from the south. Once operational,
permanent access would be required and would be via the main access to the Muckleburgh
Collection.

Traffic movements associated with the construction of the onshore works are estimated to
include around 100 to 120. heavy goods vehicle (HGV) movements for the delivery of the cable,
warning tiles and tape, cement, sand bags and shuttering etc. The schedule for the works is
anticipated to be over a period in the order of 16 weeks. Some abnormal loads would be required
to deliver the excavators and other construction plant.
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Plate 2.29a-d Photomontage of proposed new Switch Room Building at “The Muckleburgh Collection”
Weybourne, Norfolk (viewed from south).
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2.13 Construction and Installation Programme

The most suitable period for offshore construction activities, cable laying and landfall is during
the spring and summer months when the weather is most favourable. However, it has not yet
been determined whether construction would take place over one season or spread over a
longer period. This would be influenced by factors including the chosen size and therefore
number of turbines. It is anticipated, however, that the majority of the onshore cable works would
be undertaken over the winter period when the museum is closed to minimise interference to the
museum operations and facilities as well as recreational users and tourists in the area.

An indicative schedule is provided in Figure 2.20, although this is subject to change.

Yr 1 Year 2 Year 3
Q4 | Q1]Q2|Q3|Q4|Q1| Q2 | Q3 | 4

Delivery and construction

. Delivery foundations at harbour

. Delivery transition pieces at harbour

. Delivery turbines at harbour

. Delivery transformer station at harbour

. Assemblage turbines at harbour

. Delivery of jointing pit, switch room and

land cables

Installation

. Foundation and transition pieces

. Turbines

. Transformer station

. Infield cables (25-35 km)

. Application scour protection

. Export sea cable (21-22 km)

. Landfall works

Commissioning

Figure 2.20 Indicative Construction Plan

2.14 Health and Safety Plan

2.14.1 Principles

Box 2.1 provides an extract from the BWEA'’s “Guidelines for Health & Safety in the Wind Energy
Industry” booklet ISBN Number 1 870064 30 5. The content of the report is anticipated to form
the basis for the Health and Safety plan for the proposed Sheringham Shoal wind farm project.
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Box 2.1 Guidelines for Health & Safety in the Wind Energy Industry

Introduction

The design, construction, operation, maintenance and removal of offshore wind farms requires
consideration of a number of matters over and above those for onshore ones. Offshore wind farms are at
the mercy of wind, wave and weather, and present difficulties in terms of access, work and emergency
response. The safety and survival of personnel working offshore is of paramount importance. When work is
being carried out on unmanned structures a vessel must always be in attendance with good communication
links between weather stations, vessel and personnel to enable speedy evacuation should there be an
adverse change in the sea state.

Site Development and Planning

When identifying potential offshore sites for wind farms, particular attention could need to be paid to
oceanographic and meteorological factors. Areas with large tidal ranges or severe currents would present
problems in terms of access for normal operations and also when dealing with an emergency. Such
conditions could well severely restrict the size of ‘working windows’ and should be taken into account when
selecting a site and/or the design of equipment to be used. Any vessels used for access and transport of
material would need to be assessed for their ability to hold position and the size of such vessels could be
restricted by available water depth. Strong currents could also make the seabed prone to scour problems.
The proximity of shipping lanes would also have to be taken into account, together with the possibility of
vessel collision, whether from passing vessels or in-field craft servicing the wind farm.

Design, Assembly, Manufacture and Specification

Due to the nature of the environment, the design of the wind turbines and ancillary equipment needs to
take into account not only wind and weather but also the potential corrosion problems not usually found at
inland sites.

Fire offshore is potentially much more serious than onshore. It is not possible to run away from a fire
offshore. Therefore, a fire risk assessment should be performed for every installation, including the
identification of appropriate prevention, detection, control and mitigation measures. A fixed fire fighting
system could be necessary in order to provide an appropriate level of protection for personnel when
working offshore.

The design phase is particularly important for offshore wind farms since the cost of retrofitting equipment is
much greater than for onshore sites.

Designers should aim to maximise the work, such as fabrication, commissioning and testing, which can be
done onshore in order to minimise the work to be undertaken offshore.

During design, the means of access and egress from the turbines needs to be addressed. Specialised
commercial access systems and craft are available for this type of operation and fitting such a system
should be considered at the design stage.

Offshore wind farms should be designed to minimise the need to work at height in exposed positions. As
far as possible, the use of vertical ladders should be eliminated not only to reduce the risk of falls but also
fatigue and making the rescue of casualties easier.

Consideration should be given to the potential need to interrupt the offshore operations because of weather
or sea state. The design should include an erection sequence which allows the partially erected structure to
be left in a safe condition whilst waiting on weather. It is best to avoid the need for a prolonged weather
window, which could be difficult to obtain during much of the year at many sites around the UK.
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Construction, Commissioning, Dismantling and Demolition

During these phases, it is assumed that personnel would be accommodated either onshore or on a suitable
vessel. Where on site accommodation is not provided, a vessel must be in attendance throughout the
period work is taking place to ensure that personnel can be promptly recovered from the work place should
the sea state change.

One of the key issues which needs to be addressed during this and the operation and maintenance phase
is that of emergency response. Any offshore emergency would have to be dealt with using the resources
available offshore or on an attendant vessel.

It is recommended that a site specific evacuation, escape and rescue risk assessment be performed for
individual sites and individual construction operations. Such a risk assessment would provide the basis for
the development of an appropriate emergency response plan.

The emergency response plan should address all foreseeable emergency situations, e.g. persons falling
into the water, and should be the subject of regular desk top exercises and drills. The emergency response
plan would need to clearly set out the roles and responsibilities of everyone together with the actions to be
taken to deal with all reasonably foreseeable scenarios requiring an emergency response. The plan should
also address the need for the taking of persons to a place of safety, which means somewhere where
medical treatment and other facilities are available. Everyone working offshore would need to receive
appropriate basic training supplemented by more specialised training for those given specific roles in an
emergency. Refresher training would be required at appropriate intervals.

Careful consideration would need to be given to the provision of appropriate means of evacuation and
rescue, taking into account the need to handle casualties. The most appropriate arrangement could well be
an attendant vessel which can deploy groups of men on a number of turbines within the site but be within
easy reach in order to take personnel off in the event of deterioration in the weather or as a result of iliness
or injury. Such a vessel needs to be of such a design that it can reach all the turbines in a particular site
and be capable of taking people off safely, including any casualties. It would also need to be manned by a
competent crew who have received appropriate training and are exercised regularly in the emergency
scenarios with which they could be involved. Appropriate means of communication between the vessel and
the turbines and the shore would need to be available.

When planning work, it would be necessary to take into account accurate weather forecasts, preferably
from at least two sources, and organise the work on the basis of the attendant vessel's performance in
terms of its ability to take off personnel, especially casualties, in relation to the weather and sea state.

Any pollution risks would need to be identified and appropriate procedures established to deal with any
pollution incident.

Operation and Maintenance

Appropriate policies and procedures need to be devised and implemented with respect to site visits,
distinguishing between planned maintenance visits and unplanned intervention visits in the event of a
breakdown. The former can be carefully planned to ensure that such activities are undertaken during the
summer when weather and sea conditions are likely to be at their most benign and more daylight is
available. However, intervention visits could be necessary during the winter months and the policies and
procedures should clearly reflect the adverse weather policy for the particular site to ensure that such visits
are properly planned and only undertaken when conditions are considered to be safe and personnel,
including casualties, can be recovered by the attendant vessel.

If there is the possibility of personnel being marooned on a turbine overnight due to weather or sea
conditions, suitable sleeping accommodation could have to be provided. Such accommodation would need
to include shelter, heating, emergency power and supplies of food and drinking water.
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2.14.2 Applicable Health & Safety Legislation

The construction and operation of the wind farm would be undertaken in accordance with
relevant and appropriate guidance. The following list is no more than indicative:

e The Health And Safety At Work, Etc. Act 1974

e Management Of Health And Safety At Work Regulations 1999

e Health And Safety (First Aid) Regulations 1981

e The Reporting Of Injuries, Diseases And Dangerous Occurrences Regulations 1995
e The Workplace (Health, Safety And Welfare) Regulations 1992

e Personal Protective Equipment At Work (PPE) Regulations 1992

e The Manual Handling Operations Regulations 1992

e The Provision And Use Of Work Equipment Regulations 1998

o Lifting Operations & Lifting Equipment Regulations 1998

e Health And Safety (Display Screen Equipment) Regulations 1992

e Control Of Substances Hazardous To Health Regulations 1999

o The Noise At Work Regulations 1988

o Electricity At Work Regulations 1989

e  Construction (Design And Management) Regulations 1994

e Construction (Health, Safety And Welfare) Regulations 1996

e Confined Spaces Regulations 1997

o Fire Precautions (Workplace) Regulations 1997

o Diving At Work Regulations 1997

e Other Relevant Legislation

e The Pressure Systems and Transportable Gas Containers Regulations 1989
o The Safety Signs Regulations 1980

o The Safety Representatives and Safety Committee’s Regulations 1977

e Fire Precautions Act 1971

e The Safety, Quality and Continuity Regulations 2001

e The Electricity (Overhead Line) Regulations 1970

e The Construction (Head Protection) Regulations 1989

e The Factories Act 1961

o Offices, Shops and Railway Premises Act 1963

e Merchant Shipping and Fishing Vessels (Health and Safety at Work) Regulations 1997.

2.15 Operation and Maintenance (O & M)

A detailed O&M strategy has not yet been established and would be determined at a later stage,
taking account of issues including turbines selected and procurement strategy. Such a strategy
would also determine whether a requirement exists for offshore manning on a regular or
permanent basis.
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2.15.1 Operational Wind Farm Safety Zones

As described in Section 2, under the provisions of the Energy Act 2004 it is proposed that an
operational safety zone would apply around each turbine and structure located offshore. The
purpose of the exclusion zone would be to minimise any possible interaction between sea users
and access to the installations by unauthorised vessels.

It is proposed that during operation a 100m safety zone would apply around each individual
turbine for all vessels not associated with the wind farm. It is envisaged that recreational vessels
and potters would be permitted up to this zone. A 500m safety zone would be applied for
merchant shipping and other specific activities which by their nature represent a risk to the
structures and cables, e.g. towed gears such as otter trawls and beam trawls, dredging activities
and anchoring of certain vessels (see Section 14, Shipping and Navigation).

2.15.2 Operation and Maintenance Strategy
2.15.2.1  Minor Maintenance

The design of the wind farm would ideally be such that human intervention is minimised,
involving a supervisory role only with occasional call outs for breakdowns, service requirements
and repairs.

It is anticipated that a minimum of three to four 2 man crew teams (preferably locally sourced
labour) may be required to undertake the service and maintenance requirements of the wind
turbines. These would include but not be limited to, regular service and maintenance, resetting of
breakers, minor fault repairs and small maintenance issues associated with the operation of wind
turbines.

2.15.2.2 Scheduled Maintenance Periods

The scheduled maintenance periods associated with wind turbines are anticipated to include the
following requirements:

e 3 monthly: Checking of lubricants and oil levels, ladder access integrity, navigation lights,
aviation lights, etc.

e 6 monthly: Checking of lubricants and oil levels, hydraulic pump levels, controller cabinets,
gear box oil levels, emergency stop sensor testing, fire alarm system test, etc.

e 12 monthly: Checking of lubricants and oil levels, pump levels, gear box oil quality
tests, overall visual check, tower mounting bolt torque check, yaw ring torque check, blade
integrity.

The above actions are indicative of the actions undertaken during the 3, 6 and 12 monthly
checks and are not intended as an exhaustive list.

2.15.2.3 Unscheduled Maintenance Requirements

As with all operational equipment, repairs and maintenance may be required that are not
normally incorporated in the scheduled maintenance check periods, including failure or damage
of components. Nacelle mounted cranes would normally be able to load and offload nacelle
items requiring repair or replacement, but specialised vessel support could be required to load
and offload the replacement parts onto the wind turbines. In the extreme instance an external
crane could be required to load/offload critical parts.

In addition, occasional surveys would be required to check the burial depth of the inter turbine
cable and export cables and scour protection would need to be monitored, depending on
foundation type. This inspection could involve the use of 3 dimensional scans of the foundation
base to obtain a clear picture of the protection status.
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2.15.2.4 Maintenance Vessel Requirements

It is anticipated that approximately two maintenance vessels could be required for the offshore
wind farm. The type of vessel might be based on a catamaran hull design, providing a stable
basis and adequate deck space for service items. A crew cabin to accommodate at least 12 crew
members may be provided, which would provide a warm and dry accommodation.

The size and power of the vessel would be determined by the location of the home port for
operations. The nearest all tidal ports would be Great Yarmouth and Lowestoft, and the nearest
tidal port is Wells next the Sea.

2.16 Decommissioning Plan

A detailed Decommissioning Plan would be agreed with the DTl and Crown Estate, prior to
commencement of construction taking into account the provisions of the Energy Act 2004, and
the regulations and guidelines expected to be implemented under these provisions. It is currently
expected that the Decommissioning Plan would include for the complete removal of all offshore
structures deployed in the wind farm above the seabed including the complete removal of gravity
base structures and the cutting of monopile foundations to an agreed depth beneath the seabed.
It is expected that buried cables would be left in place and notified, in line with current practice.

Decommissioning would involve the dismantling of structures, probably in reverse order to the
construction sequence, involving similar plant to that used during their installation and
undertaken in accordance with the relevant guidelines, legislation and good practice at the time
in order to minimise environmental impacts and ensure pollution prevention. Where possible,
consideration would be given to decommissioned structures and materials being reused or
recycled. In some instances, it may be considered that leaving certain equipment or materials in-
situ on the seabed (such as electrical cables and scour protection material) would be the best
practical environmental option in order to minimise disturbance to the marine habitats and
species that may have substantially colonised the areas.

It is proposed that the land cable would be isolated, left in-situ and notified as such. The switch
room would be decommissioned and all switch gear and cables isolated. The switch room itself
might be incorporated into the general facilities of the Muckleburgh Collection, depending on
discussions with the landowner.

The Decommissioning Plan would be regularly updated in light of any changes to legislation or
best practice and in particular would be thoroughly reviewed as the wind farm approaches the
end of its operational life.

2.17 References

e Garrad Hassan, Construction Plant for Offshore Wind Farms, May 2003.

e SLP Engineering, Monopile Foundation Feasibility Study, February 2005.

o SLP Engineering, Gravity Base Foundation Feasibility Study, February 2005.
e SLP Engineering, Tripod Foundation Feasibility Study, February 2005.

e Global Marine Systems Ltd., Cable Landing Study, February 2006.
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3 Regulatory and Legislative Context

3.1

This section outlines the consent and regulatory requirements relating to the construction,
operation and decommissioning of the Sheringham Shoal Offshore Wind Farm, export cable
route and onshore ancillary infrastructure. The approach to the Environmental Impact
Assessment (EIA) process is also described including the assessment methodology, consultation
and communication exercise.

Introduction

3.2

An Agreement for Lease under the Crown Estate Act (1961) is already in place between The
Crown Estate and Scira Offshore Energy Ltd. (Scira). This Agreement grants Scira a seven year
option to develop an offshore wind farm at the Sheringham Shoal site, within which time Scira is
required to obtain all necessary consents. Once all consents are obtained, the Agreement would
be converted into a full Lease of the seabed for the wind farm and ancillary elements such as
cables.

Consents Requirements

There are a number of consents that will be required for all phases of development i.e.
construction, operation and decommissioning. Guidance has been provided on this issue by the
Department of Trade and Industry’s (DTI) Offshore Renewables Consents Unit (ORCU) (DTI,
2004). The guidance provides a summary of the statutory consents required for an “offshore wind
generating station” under the various Acts of Parliament. A summary of the consents that Scira
intends to apply for are set out in Table 3.1, with further details on additional aspects provided
below.

Table 3.1 Statutory consents applied for by Scira

Section 36 - Electricity
Act 1989

For construction and operation of an
offshore wind power generating station
within territorial waters adjacent to Great
Britain, including all ancillary
infrastructure.

Department of Trade
and Industry (DTI)

Section 5 - Food and
Environment Protection
Act (FEPA) 1985

For depositing articles or materials in the
sea/tidal waters below MHWS (mean
high water springs) around Great Britain,
including the placement of construction
material or disposal of waste dredgings.

Department of
Environment, Food and
Rural Affairs (DEFRA)
through the Marine
Consents Environment

Country Planning Act
1990

Unit (MCEU)
Section 34 - Coast| To make provision for the safety of | DEFRA through
Protection Act (CPA) | navigation in relation to the inter array | MCEU.
1949 cabling and the export cable route.
Section 90 Town & Deemed planning permission sought as | DTI

part of the section 36 application for the
onshore elements of the works.

In gaining consent under

the Electricity Act or the Food and Environment Protection Act,
conditions may be imposed to control and mitigate the impact of the development.
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Onshore, the cables would be connected to a new switch room situated in the grounds of the
Muckleburgh Collection, approximately 800m inland. From the switch room a new electrical
connection would be required in order to pass electricity into the existing 132kV distribution
network and/or 400kV transmission network. These networks are operated by EdF and National
Grid Transco respectively. This new grid connection (from the switch station to distribution and/or
transmission network/s) would be the subject of a separate application for consent under the
Town and Country Planning Act 1990.

3.2.1 Deemed planning permission

As listed in Table 3.1, under section 36, deemed planning permission will be sought for the
onshore elements of the project, including the landfall, onshore cable route and jointing chamber.
No separate consent for the onshore works will be submitted, however, the Local Planning
Authority i.e. North Norfolk District Council will be a statutory consultee as part of the section 36
consent determination.

3.2.2 Extinguishment of public rights of navigation

The Energy Act 2004 introduces a new sub section into section 36 of the Electricity Act, relating
in particular to navigation, namely section 36A. Section 36A gives power to the Secretary of
State to make a declaration, on application by a developer, which extinguishes public rights of
navigation through the place where the generating station would be established, meaning the
area of seabed covered by each individual offshore structure. This application will be made by
Scira as part of their section 36 application.

3.2.3 Safety Zones

The Energy Act 2004 also enables a Safety Zone to be established around offshore renewable
energy installations and in the case of wind farms this may be established around each offshore
structure by up to a maximum of 500m from its outer edge.

The purpose of the Safety Zone is to minimise the risk of collisions between vessels and offshore
installations by establishing a zone within which navigation will be regulated. Permission will be
provided for specified vessel types to enter the Safety Zone, such as those required for
maintenance or involved in an emergency or distress situation.

Different Safety Zones can be established to cover the main phases of the wind farm including
construction, operation and decommissioning.

The applicant must make a case, based on safety grounds for the establishment of Safety
Zones, which is likely to be tailor made to the particular generating station. An application does
not need to be made at the same time as the section 36 consent, although the guidance does
state that an intention to do so would be useful, as the Secretary of State must take the request
for any Safety Zones into account when deciding to grant consent. The Secretary of State is also
able to establish a Safety Zone on his own initiative if the view is that one is required.

Scira intend to apply for a 500m Safety Zone around each offshore structure for the period of
construction and eventual decommissioning of the project. This is to ensure the safety of
construction vessels and other vessels navigating in the area (see Section 14, Shipping and
Navigation). During operation a 100m safety zone would apply around each individual turbine for
all vessels not associated with the wind farm. It is envisaged that recreational vessels and fishing
vessels employing potting or long lining gear would be permitted up to this zone. A 500m safety
zone would be applied for merchant shipping and other specific activities which by their nature
represent a risk to the structures and cables, e.g. towed gears such as otter trawls and beam
trawls, dredging activities and anchoring of certain vessels (see Section 14, Shipping and
Navigation).

Page 88 of 722 Environmental Impact Assessment



3.3 Requirement for Environmental Impact Assessment

The proposed development will be subject to an EIA, as required under EC Directives
85/337/EEC and 97/11/EC (The Assessment of Certain Public and Private Projects on the
Environment). These Directives have been transposed into UK legislation via the Electricity
Works (Environmental Impact Assessment) Regulations 2000 (SI 2000/1927) for the purposes of
a Section 36 Electricity Act 1989 application.

Under these regulations, offshore wind farm developments are listed as a Schedule 2 project,
described as “installations for the harnessing of wind power for energy production (wind farms)”.
This means that an Environmental Statement (ES) should be prepared for developments likely to
have significant environmental effects. This ES has been prepared for the Sheringham Shoal
Offshore Wind Farm for the purposes of gaining all consents.

The EIA has been prepared in accordance with the Schedules related to the 2000 Regulations.
In addition, the requirements and advice of the DTI in their Guidance Note ‘Offshore Wind Farm
Consents Process’ (DTI, 2004) have been followed, as well as guidance issued by CEFAS,
MCEU and others. Relevant guidance that has been used in the assessment is cited within each
topic section.

EIA Regulations have not been made under the Food and Environment Protection Act 1985, but
Section 8 of that Act enables the Secretary of State to require environmental information to be
provided in connection with applications under Section 5 of the Act. Outside the area of port
authorities there are no EIA Regulations which specifically attach to applications under Section
34 of the Coast Protection Act 1949. However, the environmental information provided in the
context of the Section 36 Electricity Act and Section 5 Food and Environment Protection Act
applications will provide sufficient information to enable EIA of the Coast Protection Act
application.

3.4 Requirement for Appropriate Assessment

Under the Conservation (Natural Habitats, & c.) Regulations 1994 (Sl 1994/2716 as amended),
the relevant Competent Authority must consider the effect of a development on the integrity of a
European site (including candidate and proposed sites), if the development is considered likely to
have a significant effect on that site. A European site constitutes a Special Area of Conservation
(SAC) or Special Protection Area (SPA) for birds. Of relevance to this project is the Wash and
North Norfolk European marine site, which includes the Wash and North Norfolk Coast cSAC,
and the North Norfolk Coast SPA.

Section 27, Information for Appropriate Assessment provides information for use by the
Competent Authority, in this case the DTI, to assist in carrying out an Appropriate Assessment. In
particular, it reports on the potential effect of the Sheringham Shoal Offshore Wind Farm on the
European site’s conservation objectives and favourable condition criteria.

3.5 Requirement for Decommissioning

There is a need to consider the plans required for the decommissioning of the Sheringham Shoal
project under the Lease with The Crown Estate and the Energy Act 2004. There are a number of
key issues that need to be addressed as part of any plan to ensure the requisite reinstatement of
the seabed, in addition to a need to ensure availability of adequate funds to undertake
decommissioning. The provisions for decommissioning under the Energy Act have not yet been
enabled, but are expected.

Following consent, a Decommissioning Plan would be agreed with the DTl and The Crown
Estate prior to the commencement of construction. This would take into account the statutory
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provisions under the Energy Act. Further details of the decommissioning phase are provided in
Section 2.

3.6 The Environmental Impact Assessment Process

EIA is a tool for systematically examining and assessing the impacts and effects of a
development on the environment. The resultant ES reports on the EIA and contains:

e Description of the development proposal, including any alternatives considered;
e Description of the existing environment at the site and its environs;

e Prediction of potential impacts on the existing human, physical and natural environment at
the site and assessment of subsequent effects;

e Description of mitigation measures to avoid or reduce such effects;

e Description of monitoring requirements; and

e Non-Technical Summary.

The following stages are typically included in an EIA:

e Screening determination of whether a development proposal needs an EIA;

e Scoping determination of the issues to be addressed by the EIA;

e Consultation and public participation;

e Original data collection and surveys where necessary to fill data gaps;

e Impact identification and evaluation;

¢ Identification of mitigation and residual impacts;

e Identification of monitoring requirements;

e« Submission of the ES to the relevant authorities as part of the consents process;
e Liaison and consultation to resolve matters or representations/objections; and

e Decision on whether the development proposal should proceed.
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3.6.1 Statutory Screening and Scoping Opinions

Government has provided advice that all offshore wind farm developments would be subject to
an EIA (DTI, 2004). Scira accepts this advice.

Following the provision of two separate Scoping Reports (Ecofys 2004, Royal Haskoning 2005).
one relating to the offshore development and the other relating to the landfall and onshore cable
route, two Scoping Opinions have been received from DTI as recorded in minutes of meetings.

The Scoping Opinions stipulated the need to utilise the advice within the relevant guidance and
highlighted the following issues for consideration within the ES:

o The area is likely to be a herring spawning area, this should be assessed carefully.

e The approach to benthic ecology as described in the scoping report (Ecofys 2004) is
supported, but the assessment should have a broader focus to all benthic ecology and not
just sabellaria reefs.

e DTI would be prepared to consider a submission of the ES with less than two years of bird
data, provided the Crown Estate and English Nature support this approach.

3.6.2 Original data collection and surveys

Further to the findings of the Scoping Reports and consultation with infer alia DEFRA Sea
Fisheries Inspectorate (SFI), MCEU, the Centre for Environment, Fisheries and Aquaculture
Science (CEFAS), English Nature, Eastern Sea Fisheries Joint Committee (ESFJC), Maritime
Coastguard Agency, Trinity House, local fishing organisations and the local planning authority,
the following surveys were undertaken as part of the EIA.

e Oceanographic survey,

e Geophysical survey;

e Shallow geotechnical surveys

o Natural fisheries and epifaunal survey;

e Marine water and sediment quality;

e Benthic survey;

e Marine archaeological survey;

e  Shipping survey (radar & AlS);

e Commercial fishing survey and observation trips;
e Bird surveys (aerial and boat based, radar);

o Terrestrial survey (extended Phase 1 habitat survey); and
e Seascape and visual character assessment.

Details of each of the surveys are provided in the relevant section of the ES.
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3.6.3 Impact identification and evaluation

Impact identification and evaluation was carried out via a number of methods and techniques
including data collation and literature review, consultation, reference to relevant guidance and
standards, original data collection and analysis including multivariate analysis and computer
modelling, as well as experience of similar schemes. Details of the assessment methodology and
data sources are provided for each parameter in the relevant section.

All the proposed options (e.g. number of turbines, foundation types and methods of cable
installation) of the Sheringham Shoal project have been assessed under each environmental
parameter as described in Section 2, Project Details, such that the full range of impacts are
evaluated and described as well as the worst case (i.e. an options based assessment approach).
This approach has been taken on the basis that definitive project details are not yet known and a
number of options and final decision making is dependent on various factors such as further
geotechnical investigations, economic evaluation and procurement processes (see Section 2).

Scira is aware that all development which may take place under any consents granted for this
project, to the extent that it may give rise to significant environmental effects, must be adequately
addressed in the EIA. This awareness is based on a number of court judgements, including R v
Rochdale MBC ex parte Tew [1999 3PLR74] and R v Rochdale MBC ex parte Milne [2001
81PCR27].

The case law gives rise to a potential difficulty for many infrastructure proposals, including the
proposed Sheringham Shoal project, in that at the time consents are granted there will
necessarily remain a number of features of the project which are not yet fully determined.

However, it is considered that the full range of possible options that may wish to be built are
described and assessed in this ES (i.e. they are within the so called Rochdale Envelope)
including consideration of the worse realistic case for each environmental parameter assessed.
This provides a degree of flexibility in the implementation of the project thus ensuring compliance
with the awarded consents and EIA law, in addition to preserving the commercial need to
implement the development in a variety of ways.
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3.6.4 Significance levels

In order to provide a consistent framework for considering and evaluating impacts, significance
levels have been assigned to each impact. Table 3.2 sets out the assigned definitions.

Table 3.2 Terminology for classifying environmental impacts

Major adverse

The impact gives rise to serious concern and it should be considered as
unacceptable.

Moderate adverse

The impact gives rise to some concern but is likely to be tolerable
depending on scale and duration.

Minor adverse

The impact is undesirable but of limited concern.

Negligible

The impact is not of concern.

No Impact

There is an absence of one or more of the following: impact source,
pathway or receptor.

Minor beneficial

The impact is of minor significance but has some environmental benefit.

Moderate
beneficial

The impact provides some gain to the environment.

Major beneficial

The impact provides a significant positive gain.

A number of criteria
impacts. These are:

have been utilised to determine the significance of the environmental

Magnitude of the impact i.e. local, regional or national;

Spatial extent of the impact i.e. small scale or large scale;

Duration of the impact i.e. short term or long term;

Reversibility of the impact including species or habitat recoverability, sensitivity and

tolerance;

Conservation or protected status;

Probability of occurrence of the impact;

Confidence in the impact prediction; and

The margins by which set values are exceeded e.g. water quality standards.

3.6.5 Mitigation and residual impacts

Mitigation measures have been described where potentially significant adverse impacts have
been identified, either as part of the design or as a measure implemented during construction,
operation or decommissioning. Each impact assessment section assigns a significance level to
the impact described which takes into account any stated mitigation measures. Scira has agreed
to these measures and they are therefore expressed as commitments.
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3.6.6 Monitoring

Monitoring can be important to verify the predicted impacts of the proposed development on the
site and surrounding area and habitats, particularly where levels of uncertainty remain following
the EIA. Monitoring programmes are sometimes required to take place during construction, and
for a period after construction is complete such as during operation. Monitoring requirements
have been described where necessary. In most cases further liaison with the relevant regulator is
expected in order to agree detailed requirements.

3.6.7 Cumulative effects

The EIA Directives recorded in Section 3.3 require consideration of the cumulative effects of wind
farms with other projects progressed (or to be progressed) in the past, present or foreseeable
future. In addition, the Habitats Directive (92/43/EEC) requires ‘appropriate assessment’ of plans
or projects that are likely to have a significant effect on a European site, when assessed in
combination with other plans or projects.

In the context of offshore wind farms, cumulative effects might occur as a result of the
development of an offshore wind farm at a single site, from multiple sites in close proximity, or in
combination with effects from other human activities, such as aggregate extraction, marine
disposal, dredging operations, fishing, pipeline construction, oil installations, natural processes
and other uses of the sea. The term cumulative effect has been used throughout this document,
where this also encompasses in combination effects as a sub set of cumulative effects.

The cumulative effects scoping report undertaken for the Greater Wash Round 2 projects
(Posford Haskoning, 2004) identified areas of interactions based on the spatial and temporal
components of the various environmental parameters reviewed. It was agreed at a Stakeholders
Workshop in June 2004 that the Wash Developers would proceed with the assessment of
cumulative effects based on an incremental or ‘building block’ approach. This stems from the fact
that Round 2 developers are proceeding with their data collection requirements at varying paces.
It is clear that most of those Round 2 developers with sites within the 12nm territorial limit are
advancing at a faster rate than those outside the limit and therefore information on all sites would
not be available at the time of a project specific EIA. All reasonable information that is available
has been used in this assessment.

It was agreed that the reporting of cumulative effects would form part of each development’s EIA
based on information that was reasonably available either in the public domain or shared
between the developers in terms of each of their site specific studies or other project information.
It will be incumbent on later applicants to take into account any additional information available
within their cumulative assessments. The cumulative assessment also relies on project specific
information being available in terms of other Round 2 locations, output and layouts and
construction programmes.

Within this ES cumulative effects are addressed under each environmental parameter with a
discussion as to those Round 1 and 2 projects which are considered (under that particular
parameter) as well as other projects or activities in the area.
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3.6.8 Consideration of alternatives

As part of the EIA and in the course of the project development process, a number of alternative
options were considered but discarded at various stages. In line with the relevant EIA
Regulations, those alternatives that were considered and subsequently discarded are described
below.

3.6.8.1 Various lay-outs aimed to minimize radar interference

Due to the concerns on radar issues raised by the MoD, a number of slightly varying locations
and orientations of the site were briefly considered in a study undertaken by Qinetiq. As
described in Section 16, Military and Aviation, these options were not progressed since an
alternative solution to the radar interference issues has been taken forward with the MoD.

3.6.8.2 Offshore cable route East of Sheringham Shoal to Weybourne

As part of the cable route scoping document, three routes were identified from the offshore wind
farm array to the proposed Weybourne landfall point. These three routes were as follows: east of
Sheringham Shoal, over Sheringham Shoal and west of Sheringham Shoal.

The easterly route, around the Sheringham Shoal is not only the longest alternative; but it also
would involve crossing of several telecommunication cables, extensive sandwave areas and
installation through a greater length of chalk substrate. For these reasons, this option has been
disregarded being the least favourable of the three (Royal Haskoning, 2004).

3.6.8.3 wind farm layout 75 x 4.2 MW

A layout comprising 75 turbines each with a capacity of 4.2MW was the base case for the wind
farm site scoping document. However, the manufacturer (Vestas) has ceased the development
of this machine and replaced it with the 4.5 MW machine. The base case alternative has now
become the 70 x 4.5 MW layout which is described in Section 2, Project Details.

3.6.8.4 Onshore cable — western route

An onshore cable route to the west of the proposed route was proposed and taken forward as
part of the EIA. However, the route was not preferred due to the existing infrastructure in the
area, including existing foul water drains (used and disused), a water supply main, existing 11kV
site cables and BT cables. The majority of these facilities are routed through the Muckleburgh
Collection and along the access road to the museum.

The location of these and the woodlands surrounding the museum make the western route
option through the Muckleburgh Collection technically challenging and it was considered very
unlikely that the required clearance could be achieved between the required two 132kV cables
and the existing facilities.

The eastern route option would avoid the majority of these facilities with the exception of the foul
water main, which would need to be crossed.

Discussions were held with representatives of North Norfolk District Council (NNDC) who had
originally commented that the western route would be their preferred option, due to compliance
with Local Plan policies (i.e. switch room fitting in with existing setting of museum buildings) and
initial issues raised by the Environmental Protection Team relating to noise and dust impact.
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NNDC agreed, however, that the constraints made the western route option technically
unfeasible and that although the western route would be preferred, there were no serious issues
with the eastern route. They would however want to ensure certain mitigation measures were in
place to limit the impact of the eastern route, relating to visual and landscape impact, noise and
air quality. These aspects are discussed further in Section 0, Landscape and Visual Character
and Section 26, Noise, Dust and Air Quality.

3.7 Consultation and Community Involvement

Consultation was carried out with in excess of 20 statutory and non-statutory bodies representing
key interests and user groups in the north Norfolk area and the wider area during the Scoping
Study. Initial consultation included a description of the project proposals and invited comments
and requested relevant data or information. Detailed formal and informal consultation has
continued throughout the EIA via correspondence and meetings. All comments received have
been taken into consideration during the EIA.

Groups consulted included inter alia:

e Associated British Ports — Lowestoft;

o Bristow Helicopters;

e  British Chamber of Shipping;

e British Marine Aggregate Producers Association (BMAPA);
e Centre for Environment, Fisheries and Aquaculture Science (CEFAS);
e  Civil Aviation Authority (CAA);

e Countryside Agency;

e Cromer Crab Company;

o Defence Estates;

e Department for Environment, Food and Rural Affairs (DEFRA);
e Department for Transport (DfT);

e Department of Trade and Industry (DTI);

e East Anglian Fishermen’s Society;

e East of England Tourist Board;

e Eastern Sea Fisheries Joint Committee (ESFC);

e English Heritage;

e English Nature;

e« Environment Agency;

e Ofcom;

¢ International Cable Protection Committee;

e King’s Lynn Conservancy Board;

¢ King’s Lynn Fishermen’s Association:

e  Maritime and Coastguard Agency (MCA);

e Maritime Conservation Society;

e Ministry of Defence — Defence Estates;
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o National Air Traffic Services (NATS);

e National Angling Association;

e National Coast Watch Institution;

e National Federation of Fishermen’s Organisation (NFFO);
e Nautical Archaeology Society;

e Norfolk Coast Partnership;

e Norfolk County Council (NCC);

e Norfolk Landscape Archaeology;

o Norfolk Ornithological Association;

e Norfolk Wildlife Trust;

e North Norfolk and Wells District Fishermen;

e North Norfolk Shellfishermen;

e North Norfolk District Council (NNDC);

e Royal Commission on the Historical Monuments of England;
¢ Royal National Lifeboat Institution (RNLI);

e Royal Society for the Protection of Birds (RSPB);

e Royal Yachting Association (RYA);

o Sea Fisheries Inspectorate (SFl);

e The National Trust; and

e  Trinity House Lighthouse Service (THLS);

Summary tables containing the consultation responses can be found in Appendix 3.1.

3.7.1 Public consultation and exhibitions

To ensure that local people were aware of and involved in the EIA process, an all day public
exhibition was held on 28th and 29th of April 2005 in Sheringham (see Plate 3.1). Some 300
visitors attended the exhibition, of which 120 returned a questionnaire.

Nearly three quarters of the exhibition visitors were in favour, in principle, of building an offshore
wind farm off the coast of Sheringham. However, approximately half of the visitors expressed
concerns over particular aspects of the wind farm. The top five concerns were:

o Bird Life;

e Fishing;

e Visual Impact;

e Peripheral Construction; and
e Sea Life.
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Plate 3.1 View of the information panels at the public launch of Scira in April 2005.

In addition to the public meeting, Scira presented its plans at various forums in north Norfolk,
such as the District Council, various Town Councils, and through the regional media.

Scira maintains a dedicated website containing up-to-date information on the project plans and
its progress: www.scira.com.

A tailor-made communication campaign dedicated to the fishing community is also ongoing.

3.8 References

e CCW, EN, JNCC 2004: Nature Conservation Agency Guidance on Offshore Windfarm
Development, September 2004.

e CEFAS, 2004: Offshore Wind Farms: Guidance Note for Environmental Impact Assessment
in Respect of FEPA and CPA Requirements, June 2004

e« DTI, 2004. Department for Trade and Industry, Marine Consents and Environment Unit,
August 2004, Guidance Notes, Offshore Wind Farm Consents Process.

e Ecofys, 2004. Sheringham Shoal Offshore Wind Farm Scoping Report, produced for Scira
Offshore Energy, October 2004.

e MCA, 2004. Maritime and Coastguard Agency, Marine Guidance Note MGN 275 (M),
Proposed UK Offshore Renewable Energy Installations (OREI) - Guidance on Navigational
Safety Issues, August 2004.

e Posford Haskoning, September 2004, Greater Wash Round 2 Offshore Wind Farms:
Cumulative Effects for the Wash Developers
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4 Policy Framework and Guidance

4.1 Introduction

The wind farm development will be assessed and taken forward in the context of relevant
national, regional and local planning and policy guidance, as well as a number of Acts of
Parliament. This section sets out the plans, policies and Acts identified as being of relevance to
various components of the project which include the:

e Town and Country Planning Act (1990);

o Planning and Compulsory Purchase Act (2004);

o  Wildlife and Countryside Act (1981);

o Countryside and Rights of Way Act (2000);

o PPS9 Nature Conservation (2005);

o PPG15 Planning and the Historic Environment (1994);
o PPG16 Archaeology and Planning (1990);

o PPG20 Coastal Planning (1992);

o PPS22 Renewable Energy (2004);

o Regional Spatial Strategy for East Anglia (2000);

o East of England Plan (2004);

e Norfolk Structure Plan (1999);

o North Norfolk District Council Local Plan (1998); and
o Norfolk Biodiversity Action Plan (1999).

The Acts of Parliament under which the various consents for the Sheringham Shoal project are
being sought are detailed in Section 1, Regulatory and Legislative Context.

It must be stressed that onshore planning control only applies as far as mean low water springs.
Below that level none of the law or advice applying only to onshore development has any
application.

4.2 National Policy
4.2.1 Town and Country Planning Act 1990

The key statutory instrument controlling the development of land in England and Wales is the
Town and Country Planning Act (T&CPA) 1990, as amended by the Planning and Compulsory
Purchase Act 2004.

Sections 38.6 of the 2004 act and 54A of the 1990 Act require planning applications to be
determined in accordance with the development plan (Structure Plan, Local Plan etc) unless
other material considerations indicate otherwise. The onshore elements of the project would be
covered by deemed planning permission, as part of the section 36 consent under the Electricity
Act (1989), however, the Local Planning Authority, in this case North Norfolk District Council, will
be a statutory consultee and therefore local planning policy remains relevant. Further information
on the Development Plans relevant to the Sheringham Shoal project is provided in this section.
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4.2.2 Wildlife and Countryside Act 1981, as amended by the
Countryside and Rights of Way Act 2000

The Wildlife and Countryside Act (WCA) 1981 is divided into three sections:

e Part |, which deals with wildlife protection;

e Part Il, which covers nature conservation, countryside and National Parks; and

e Part lll, which deals with public rights of way.

The revised Section 28, contained in Schedule 9 of the Countryside and Rights of Way Act 2000

(CRoW Act), provides significantly enhanced duties on English Nature, Site of Special Scientific

Interest (SSSI) owner/occupiers and statutory authorities to conserve and enhance the special

features for which SSSIs are designated. In particular, English Nature’s consent must be sought

before certain works can be carried out which could result in direct physical damage to the
special interest of a SSSI.

The Weybourne Cliffs SSSI and the North Norfolk Coast SSSI are located at a distance of
approximately 350m and 1.150m respectively from the export cable landfall. Section 19, Nature
Conservation Designations (Onshore) provides further details.

Section 26 of the CRoW Act has been advised on in the recent Planning Policy Statement (PPS)
9 (see below).

4.2.3 Planning Policy Statement (PPS) 9 Biodiversity and
Geological Conservation

PPS9 is the amended Planning Policy Guidance 9, which incorporates the wildlife legislation,
cited above and was published in August 2005. It is important as it provides guidance on how
planning applications affecting sites of nature conservation importance should be dealt with. The
protection of SSSIs and the implementation of the Habitats Directive are key areas covered by
the guidance. Of relevance to this project is the potential existence of protected species in the
area of the onshore cable route, such as great crested newts and reptiles. Further details are
provided in Section 19, Onshore Nature Conservation Designations and Section 21, Terrestrial
Ecology.

4.2.4 Planning Policy Guidance (PPG) 15: Planning and the Historic
Environment
PPG15 states that:

“It is fundamental to the Government’s policies for environmental stewardship that there should
be effective protection for all aspects of the historic environment.”

In respect of Development Control, PPG15 says of all Local Planning Authorities that:

“They should expect developers to assess the likely impact of their proposals on the site or
structure in question, and to provide such written information or drawings as may be required to
understand the significance of a site or structure before an application is determined.”

A number of features of historic interest are in proximity to the onshore cable route; see Section
0, Landscape and Visual Character and Section 0, Terrestrial Archaeology and Cultural Heritage.
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4.2.5 Planning Policy Guidance (PPG) 16: Archaeology and
Planning

PPG16 sets out the Secretary of State’s policy on archaeological remains. It acknowledges the
fragile and finite nature of such remains, and states that the desirability of preservation of
archaeological remains and their setting is a material consideration within the planning process.
PPG16 provides that there is a presumption in favour of the physical preservation of nationally
important archaeological remains. Where preservation in situ is not justified, it is reasonable for
Planning Authorities to require the developer to make appropriate and satisfactory provision for
excavation and recording of remains.

PPG16 suggests that it is in the developer’s own interests to include an initial assessment of
whether the site is known or likely to contain archaeological remains, as part of their research
into the development potential of a site. It also adds that Local Planning Authorities can expect
developers to provide the results of such assessments as part of their application for sites, where
there is good reason to believe there are remains of archaeological importance. PPG16
identifies, however, that in spite of the best pre-planning application research, there may be
occasions when the presence of archaeological remains only become apparent once
development has commenced.

A number of features of known or potential archaeological interest are in proximity to the onshore
cable route; see Section 0, Terrestrial Archaeology and Cultural Heritage.

4.2.6 Planning and Policy Guidance (PPG) 20: Coastal Planning

PPG20 sets down general guidance with respect to coastal planning and also makes specific
reference to Heritage Coasts.

Paragraph 1.17 defines the main objectives of Heritage Coast, one objective being:

“To take account of the needs of agriculture, forestry and fishing, and of the economic and social
needs of the small communities on these coasts, through promoting sustainable forms of social
and economic development, which in themselves conserve and enhance natural beauty and
heritage features”.

PPG20 also defines the Conservation Policy aims, the purpose of these being to protect and
enhance the natural character and landscape of the undeveloped coastline. Importantly, the
guidance document also acknowledges that certain activities require a coastal location, one of
these being renewable energy generation.

The contents of PPG20 are relevant to the Sheringham Shoal project given that the majority of
the north Norfolk coast is protected by a range of conservation and landscape designations
including the Wash and North Norfolk European marine site and the North Norfolk Area of
Outstanding Natural Beauty and Heritage Coast.

4.2.7 Planning Policy Statement (PPS) 22: Renewable Energy

The current government policy guidance on renewable energy is PPS22. This policy is intended
to “stimulate positive planning which facilitates renewable energy developments” in line with the
Government objectives for renewable energy (see Section 1, Introduction). It sets out the
principles that regional planning bodies and Local Planning Authorities should take into account
in the preparation of Regional Spatial Strategies and Local Development Documents
respectively.
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Key principles include the following:

e “Regional spatial strategies and local development documents should contain policies
designed to promote and encourage, rather than restrict, the development of renewable
energy resources”;

e “The wider environmental and economic benefits of all proposals for renewable energy
projects, whatever their scale, are material considerations that should be given significant
weight in determining whether proposals should be granted planning permission”;

e “Community involvement in renewable energy projects and ... knowledge of and greater
acceptance by the public of prospective renewable energy developments that are
appropriately located should be promoted by authorities and developers”; and

e “Development proposals should demonstrate any environmental, economic and social
benefits as well as how any environmental and social impacts have been minimised through
careful consideration of location, scale, design and other measures”.

Important considerations are included in PPS22 with respect to locational considerations.

With respect to internationally designated sites, PPS22 states that where developments are likely
to have an adverse effect on a site of international importance for nature and heritage
conservation, planning permission should only be granted once an assessment has shown that
the integrity of the site would not be adversely affected. Areas of potential relevance to the
Sheringham Shoal project include:

e Special Protection Areas;
e Special Areas of Conservation; and
¢ RAMSAR sites.

For sites with nationally recognised designations, planning permission for renewable energy
projects should only be granted where it can be demonstrated that the objectives of designation
of the area will not be compromised by the development and any significant adverse effects on
the qualities for which the area has been designated are clearly outweighed by the
environmental, social and economic benefits. Sites that are relevant to the Sheringham Shoal
project include:

e Sites of Special Scientific Interest;

e Areas of Outstanding Natural Beauty;
e Heritage Coasts; and

e Scheduled Monuments.

The companion guide to PPS22 specifies that the appropriate treatment of the above areas will
vary according to the reasons for designation, and may be related to specific landscape, visual or
nature conservation characteristics. Local Planning Authorities could also identify ‘special
circumstances’ cases, where appropriate.

The above principles do not apply to ‘buffer zones‘ around international or nationally designated
areas, although the potential impact on designated areas of renewable energy projects close to
their boundaries will be a material consideration to be taken into account in determining planning
applications.
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4.3 Regional Policy

The Regional Spatial Strategy (RSS) is the existing policy covering the period up to 2016. In the
East of England the existing RSS is formed by Regional Planning Guidance (RPG) 6 for East
Anglia (2000). RPG 6 for East Anglia was approved by the Secretary of State on 23 November
2000 and guides planning and transport policy in Cambridgeshire, Norfolk and Suffolk up to
2016.

In respect of renewable energy, RPG 6 states in Policy 60 that:

“Development plans should include proposals for renewable energy generators and set out the
criteria by which applications for such generators will be considered. Account should be taken of
their land use and environmental implications and the desirability of such developments in
sustainability terms.”

Other relevant policies include Policy 38 on the protection of designated areas as follows:

“Development plans should give priority to protecting and enhancing areas designated at
international or national level for their intrinsic importance in terms of nature conservation or
landscape quality. They should also ensure that policies and proposals for areas covered by
these designations are integrated with other strategies. Development likely to significantly affect
sites of international importance for nature conservation should be allowed only if there are no
alternative solutions and only if there are imperative reasons of overriding public interest. If such
development is allowed then compensatory measures, necessary to ensure that the overall
coherence of Natura 2000 is protected, must be provided. Development likely to significantly
affect Sites of Special Scientific Interest should only be allowed if the benefits clearly outweigh
the nature conservation value of the site.”

The RSS will be superseded by the East of England Plan (see below).

While the RSS only applies to the onshore elements of the proposed development the onshore
grid is an integral part of the offshore wind farm, and an essential feature of a proposal for
renewable energy generation. It therefore attracts the positive advice in policy 60 of RPG6.

4.3.1 Regional Planning Guidance for the Regional Spatial Strategy
to the East of England

The East of England Plan is the new Regional Spatial Strategy (RSS) for the East of England
prepared by the East of England Assembly. It will update existing RSSs where they cover the
East of England to guide planning and transport policy up to 2021.

The draft East of England Plan was published in December 2004 and it is undergoing
consultation until March 2006. It is anticipated that the final East of England plan will be approved
by 2007. The relevant policies of the Plan are as follows.

Policy ENV8: Renewable Energy and Energy Efficiency.

“To help the region move towards energy self-sufficiency, and meet and improve on its
renewable energy targets..., local development documents will contain policies for promoting and
encouraging energy efficiency and renewable energy. These policies will presume in favour of,
and emphasise the wider sustainable development benefits associated with, energy efficiency
and renewable energy ...”
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Specific targets are included as detailed in Table 4.1.

Table 4.1 Reviewed renewable energy targets for 2010 and 2020 expressed as the percentage contribution of
renewables to total electricity consumption in the East of England

2010 2010 2020 2020

Excluding offshore Including offshore Excluding offshore Including offshore
wind wind wind wind

10% 14% 17% 44%

Source: Draft East of England plan, 2004
Policy ENV2: Landscape Character

“Planning authorities and other agencies in their plans, policies and programmes will provide the
strongest levels of landscape character protection for the East of England's finest landscapes
and areas of national importance — ... Norfolk Coast ... Areas of Outstanding Natural Beauty;
and the North Norfolk ... Heritage Coasts. ...”

Policy ENV3: Biodiversity and Earth Heritage

“Planning authorities and other agencies in their plans, policies and proposals will ensure that the
internationally and nationally designated sites in the region ... are given the strongest level of
protection. The region’s biodiversity, earth heritage and natural resources will be protected and
enriched through conservation, restoration and re-establishment of key resources ...

« ensuring that all new development minimises any damage to the biodiversity and earth heritage
resource and, where possible, enhances it. ...”

4.3.2 Norfolk Structure Plan

The Norfolk Structure Plan (Norfolk County Council, 1999) sets key policies for Norfolk and
provides the framework for more detailed policies in Local Plans. The plan gives particular
emphasis to the need to protect the county's rural landscape, historic sites and wildlife habitats in
a number of general policies.

Policies that are relevant to the Sheringham Shoal project are:
Policy RC.9

“‘Renewable energy developments will be encouraged to locate where their scale, siting or
cumulative effect would not have a significant adverse environmental impact. Where there is
harm, the need to protect the County’s environmental assets will be weighed against the
advantages judged to accrue from the proposed level of renewable energy generation.

Careful scrutiny will be given to the scale, type and impact of proposals for renewable energy
development in or adjacent to the Broads, the Area of Outstanding Natural Beauty, the Heritage
Coast, SSSls, Special Protection Areas (birds), Special Areas of Conservation, National Nature
Reserves, Ramsar sites and Local Nature Reserves. Particular regard will be paid to the
potential to impinge on the aims of designation.

Outside these designated areas, proposals for renewable energy projects will be supported,
subject to environmental and transport considerations.”
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Policy ENV.1

“High priority will be given to protecting the environmental assets of the County and conserving
and enhancing biodiversity. In particular there will be special emphasis given to the protection,
conservation and enhancement of areas of local landscape character, wildlife value, historic
urban or rural environments, the setting of urban areas, towns and villages and the quality and
character of the environment generally. “

Policy ENV.2

“‘Development which would be detrimental to the character of Areas of Outstanding Natural
Beauty, the Heritage Coast and the Broads will not be permitted unless there is an overriding
proven national need for the development and there are no suitable alternative sites.”

Policy ENV .4

“The distinctive character of the Norfolk countryside and coast will be protected for its own sake
and proposals for development in these areas but outside the areas of special protection will only
be acceptable where they do not significantly harm the character of these areas.”

Policy ENV.6

“Development which would adversely affect, whether directly or indirectly, the integrity of
designated and proposed Ramsar sites, Special Protection Areas (birds), or Special Areas of
Conservation, will not be permitted unless:

(i) there is no alternative solution;

(i) there are imperative reasons of overriding public interest; and
(iii) appropriate compensatory measures can be agreed.”

Policy ENV.7

“‘Development which would adversely affect, whether directly or indirectly, the integrity of other
designated and proposed National Nature Reserves and Sites of Special Scientific Interest will
not be permitted unless planning conditions or obligations will prevent any damaging impact on
the site or there are other imperative factors which override the nature conservation importance
of the site.”

Policy ENV.8

“Development which would be detrimental to designated and proposed sites of regional and local
importance for nature conservation and geological interest, including Local Nature Reserves and
County Wildlife Sites, will only be acceptable where it can be demonstrated that there are
reasons for the proposals which outweigh the need to safeguard the nature conservation interest
of the site

Policy ENV.9

“All areas of important wildlife quality, whether designated or not, will be protected and the
sympathetic management of features of the landscape which are of importance for wild fauna
and flora, including protected species, will be encouraged.

In considering proposals for new development, where areas of important wildlife quality could be
adversely affected and conflict of interest is unavoidable, appropriate mitigation measures will be
required and consideration will be given to opportunities for management and for creating new
wildlife habitats.”
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Policy ENV.10

“The County Council will conserve and enhance the wildlife value of roadside verges consistent
with the need for highway safety.”

Policy ENV.13

“The quality and local distinctiveness of the historic urban and rural built environment will be
maintained and improved by:

(i) protecting all listed buildings, historic landscapes, sites of archaeological importance,
whether scheduled or not, and their settings against demolition, and inappropriate alteration
or development ...”

4.3.3 North Norfolk Local Plan

The North Norfolk Local Plan was formally adopted by the North Norfolk District Council in April
1998. The Plan provides a detailed framework for the control of development and use of land that
will guide planning decisions at least until 2007.

The plan contains a policy specific for wind turbine developments (Policy 99), which is fully
included below. However, this policy mainly refers to onshore wind farms. Those of relevance to
the onshore cable route and ancillary development are listed.

Policy 99: Wind Turbines

“Development proposals for wind turbines, including ancillary development, will only be permitted
where:

(a) there would be no significant detrimental impact on the appearance, amenity or character of
an area;

(c) there would be no significant detrimental impact on the transport network;

In assessing the impact that proposals will have in terms of the above criteria, the Council will
take account of the benefit of clean renewable energy that will be generated and will balance this
with the need to protect certain areas.

In the Norfolk Coast Area of Outstanding Natural Beauty, Historic Parks or Gardens,
Conservation Areas, Sites of Special Scientific Interest and the Broads, and on sites adjoining
these from which such areas would be affected, proposals will only be permitted when proven
national interest and a lack of suitable alternative sites would justify an exception.”

Other policies that will be relevant to the onshore elements of the proposed wind farm project are
the following:

Policy 5: The Countryside

“In the Countryside high priority will be given to the protection and enhancement of the
appearance and character of the area, and development proposals will not be permitted unless
they are for the purposes listed below and are in accordance with the other policies of the Local
Plan... (I) renewable energy projects...”
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Policy 20: Norfolk Coast Area of Outstanding Natural Beauty

“In the Norfolk Coast Area of Outstanding Natural Beauty the prime planning consideration will
be the conservation and enhancement of the beauty of the area, and development proposals that
would be significantly detrimental to it will not be permitted.”

Policy 26: Undeveloped Coast

“In the Undeveloped Coast development proposals that do not require a coastal location or would
be significantly detrimental to the appearance or character of the area will not be permitted.”

Policy 30: Important Landscape Features

“Development proposals that would be significantly detrimental to the appearance or character of
important landscape features will not be permitted.”

Policy 32: Statutorily Designated Sites of Nature Conservation Importance

“‘Development proposals that could be significantly detrimental to the nature conservation
interests of designated Ramsar Sites, Special Protection Areas, Special Areas of Conservation,
Sites of Special Scientific Interest, the Broads, or National or Local Nature Reserves, either
directly or indirectly, will not be permitted.”

Policy 33: Nature Conservation Outside Statutorily Designated sites

“Development proposals that could be significantly detrimental to a County Wildlife Site, either
directly or indirectly, will not be permitted unless the proposed development is in the public
interest and cannot be accommodated elsewhere.”

Policy 45: Archaeology

“In the case of development proposals affecting sites where important archaeological remains
may exist, the Council will require the results of an archaeological field evaluation to be
submitted prior to determining any planning application. Where the physical preservation of
remains in situ is not justified, the Council will consider imposing a planning condition on any
planning permission granted requiring an agreed programme of archaeological work to be carried
out.

Development proposals that would have a significantly adverse effect on Scheduled Ancient
Monuments or other nationally important sites and monuments, or their settings, will not be
permitted. In the case of development proposals affecting other sites of archaeological interest,
the Council will seek preservation of remains in situ as first preference. Where preservation in
situ is not feasible, or merited, planning permission may be granted subject to satisfactory
provision being made for excavation and recording.”

Policy 48: Coastal Erosion Risk Areas

“Notwithstanding the fact that a development proposal may be in accordance with the other
relevant policies of the Local Plan, in areas at risk from coastal erosion, new development, or the
intensification of existing development, will not be permitted unless:

(a) there would be no increase in risk to life nor significant increase in risk to property; or

(b) following the implementation of a coast protection scheme the residual risk to life or property
is considered to be insignificant.”
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Policy 95: Groundwater Protection

“In areas around potable groundwater sources or over vulnerable areas of aquifers, development
proposals will not be permitted where the Council, in consultation with the Environment Agency,
considers that there would be a significant risk to the quality of the underlying groundwater.”

4.3.4 Norfolk Biodiversity Action Plan

Biodiversity: the UK Action Plan was launched in 1994 and identifies 59 broad activities for
conservation work over the next 20 years (the '59' steps). It establishes fundamental principles
for future biodiversity conservation in the UK and highlights the important species and habitats in
an area. The important species and habitats for Norfolk include skylarks, song thrush, otter,
water voles, great crested newts, and coastal and floodplain grazing marshes. Further details are
included in Section 9 (Marine Ecology) and Section 24 (Terrestrial Ecology).

4.3.5 Compliance with Planning Policy

Some of the policies quoted in this section are relevant to the assessment of application for
deemed planning permission for the onshore cable. Compliance with these policies is discussed
within the relevant topic sections of this Environmental Statement. Relevant sections include
Section 8, Ornithology; Section 13 and 22, Seascape/Landscape and Visual Character; Section
21, Terrestrial Ecology; Section 23, Terrestrial Archaeology and Cultural Heritage; and Section
27, Appropriate Assessment.

In general, it is considered that the onshore elements of the Sheringham Shoal project (while
noting that the onshore elements are an essential feature of the overall renewable energy
development) comply with the relevant national, regional and local policies.
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5 Nature conservation designations

5.1 Introduction

This section outlines the existing marine nature conservation designations of relevance to the
Sheringham Shoal project. This section does not address the potential impacts of the
Sheringham Shoal project on these designations, as these are covered under the relevant
section within Part Two of the ES, namely, Section 8, Ornithology and Section 9 Benthic Ecology.

Terrestrial sites such as Sites of Specific Scientific Interest (SSSIs) are discussed in Section 0,
Nature Conservation Designations, Terrestrial.

5.2 Statutory international designations
5.2.1 Introduction

Relevant international nature conservation designations include: Special Protection Areas
(SPAs), Special Areas of Conservation (SACs) and Ramsar sites.

SPAs are statutory designated sites, which are classified under EU law in accordance with Article
4 of the EC Directive on the conservation of wild birds (79/409/EEC), also known as the “Birds
Directive”. SPAs are designated for supporting significant populations of rare and vulnerable
birds, listed in Annex | to the Birds Directive, and for regularly occurring migratory species. These
designations do not extend below the mean low water mark. Those sites of relevance to the
project include the Wash SPA, the North Norfolk Coast SPA and the Gibraltar Point SPA.

SACs are sites designated under the EU Directive 92/43/EEC on the conservation of habitats
and of wild fauna and flora (the “Habitats Directive”) because they make a significant contribution
to conserving priority habitat types and species, excluding birds, listed in the Annexes to the
Directive. SACs together with SPAs form the Natura 2000 network, which is designed to protect
Europe’s most important areas for wildlife. The relevant site for this project is the Wash and
North Norfolk Coast SAC.

Ramsar sites are designated under the Convention on Wetlands of International Importance,
especially as Waterfowl Habitat (the “Ramsar Convention”). The Convention’s remit goes beyond
birds, however, to provide a framework for national action and international co-operation for the
conservation and wise use of wetlands and their natural resources. The North Norfolk Coast
Ramsar is discussed in this section.

5.2.2 Wash and North Norfolk Coast European marine site

The Wash and North Norfolk European marine site includes:
o the Wash and North Norfolk Coast SAC;

o the Wash SPA;

o the North Norfolk Coast SPA; and

o the Gibraltar Point SPA.

The Wash and North Norfolk Coast SAC and the North Norfolk Coast SPA are the sites of most
relevance to the offshore components of the wind farm and are considered further below (where
the habitats and species are of relevance to the project). However, when referring to the
European marine site, all the designations that form it are considered as integral. The boundary
of each of the sites is shown on Figure 5.1, Figure 5.2, Figure 5.3, Figure 5.4 and Figure 5.5.
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The Wash and North Norfolk Coast SAC qualifies as a SAC for the following Annex | habitats, as
listed in the EU Habitats Directive:

e Large shallow inlets and bays.

o Sandbanks which are slightly covered by seawater all the time (referred to in this document
as subtidal sandbanks).

o Mudflats and sandflats not covered by seawater at low tide (referred to in this document as
intertidal mudflats and sandflats).

o Reefs (eg: Sabellaria spinulosa).
o Samphire (glasswort) Salicornia spp. and other annuals colonising mud and sand.
o Atlantic salt meadows (Glauco-Puccinellietalia).

o Mediterranean and thermo-Atlantic halophilous scrubs (Arthrocnemetalia fructicosae)
(Referred to in this document as Mediterranean saltmarsh scrubs).

The Wash and North Norfolk Coast also qualifies as a SAC for the following Annex Il species, as
listed in the EU Habitats Directive:

e Common seal (Phoca vitulina).

The Wash is the largest embayment in the UK, and is connected via sediment transfer systems
to the north Norfolk Coast.

Sandy sediments occupy most of the subtidal area and subtidal communities present include
large areas of dense brittle star Ophiothrix fragilis beds. Species include polychaetes such as the
sand mason Lanice conchilega and the bivalve tellin Angulus tenuis. The sublittoral sandbanks
also provide important nursery grounds for young commercial fish species, including plaice
Pleuronectes platessa, cod Gadus morhua and sole Solea solea (Brown et al, 1997).

Intertidal sandflats predominate in the Wash and along the north Norfolk coast. Some intertidal
soft mudflats are found in the areas sheltered by barrier beaches and islands along the north
Norfolk coast. The biota includes large numbers of polychaetes, bivalves and crustaceans.

Well developed stable reefs of the common tube-dwelling polychaete worm Sabellaria spinulosa
are known to be present in the Wash, especially in the inner Wash. These reefs are particularly
important as they are diverse and productive habitats which support many associated species.

In north Norfolk, saltmarshes form an almost continuous belt over 35km long covering about
2200 ha, of which at least 1600ha can be considered as Atlantic salt meadow (Burd 1989). The
saltmarshes of north Norfolk are some of the most botanically rich in Britain. A typical zonation is
from the pioneer salt marsh with glasswort, common cord-grass Spartina anglica through a low-
mid saltmarsh dominated by sea aster Aster tripolium and sea purslane Afriplex portulacoides.
The mid upper saltmarsh frequently has a high cover of common sea lavender Limonium vulgare
and thrift Armeria maritime. There are transitions to Mediterranean scrubs.

The Wash and North Norfolk Coast European marine site holds some 9% of the total UK
common seal population and is the largest colony of common seals in the UK (see also Section
11 Marine Mammals). The extensive intertidal sand flats of the Wash and the north Norfolk Coast
provide ideal conditions for breeding and haul-out sites of the common seal (Brown et al 1997).

The size of the seal populations is provided in Table 5.1.
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Table 5.1 Numbers of common seals counted in the Wash and North Norfolk Coast European marine site in
August 1998 (Sea Mammal Research Unit (NERC), 1999).

Blakeney Point 535 738

The Wash 2367* 2381
Note: Data taken from fixed-wing aerial surveys carried out during the August moult.
* one area used by common seals was missed on this flight (100-150 seals)

5.2.2.1 Future Designations

Of the current SACs along the coast of England, most sites are inshore and attached to the coast
where the seaward boundary of does not extend far out into the marine environment.

The new methods necessary for the identification of offshore SACs developed by JNCC and
others, and the availability of seabed geological information for English waters, has provided new
evidence for the widespread existence of possible Annex | habitat located offshore. This has
highlighted the potential gap in the SAC site series between the coast and the 12 nautical mile
limit.

In view of this, and with the support of Defra, English Nature is working towards identifying
possible additional SACs for certain marine habitats (subtidal sandbanks and reefs) within
English territorial waters. In 2003, English Nature contracted BMT Cordah to identify datasets
that are relevant to subtidal sandbank and reef features around England (English Nature
Research Report 659). As a result of this work and further data collation carried out by English
Nature, a scoping list of 21 sites has been drafted (Brown 1997, EN Workshop Oct. 2005). A
number of these marine sites have been identified off the eastern Norfolk coast including
Haisborough Sand, Sunk Sand and Scoby Sands. The subtidal sandbank of Sheringham Shoal
has not however been considered to be a marine site and a further round of studies or
investigations are not envisaged (pers. Comm. English Nature).

5222 North Norfolk Coast SPA / Ramsar Site

The North Norfolk Coast SPA qualifies under the EU Birds Directive for the following features:
« Internationally important populations of regularly occurring Annex | bird species;

* Internationally important populations of regularly occurring migratory bird species; and

e Internationally important assemblage of waterfowl, including the internationally important
populations of regularly occurring migratory bird species.

Ramsar criteria 1,2,5,6 have been applied for the justification of the North Norfolk Coast Ramsar
site.

e Relating to Ramsar Criterion 1: The site is one of the largest expanses of undeveloped
coastal habitat of its type in Europe. It is a particularly good example of a marshland coast
with intertidal sand and mud, saltmarshes, shingle banks and sand dunes. There are a
series of brackish water lagoons and extensive areas of freshwater grazing marsh and reed
beds.

e Relating to Ramsar criterion 2: Supports at least three British Red Data Book and nine
nationally scarce vascular plants, one British Red Data Book Lichen and 38 British Red Data
Book invertebrates.

o Relating to Ramsar criterion 5: Assemblages of wildfowl of international importance. Over
winter the area regularly supports 91,536 waterfowl! (5 year peak mean 1991/92-1995/96).
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e Relating to Ramsar criterion 6: Breeding and over wintering bird species of international
importance, as identified at designation (see Table 5.2).

Table 5.2 North Norfolk Coast SPA/ Ramsar site: species and population data
Population Importance  Status
Avocet 177 pairs representing at least 30.0% of breeding GB
. pop. (Count as at 1998). 153 individuals representing at
Recurvirostra L . European Annex 1
avosetta least 12.0% of wintering GB population. (Count as at
1997/98)
3 individuals representing at least 15.0% of the breeding
Bittern Botaurus GB pop. (Count as at 1998). 5 individuals representing at
. L . European Annex 1
stellaris least 5.0% of wintering GB population. (5 year peak
mean 1991/94 — 1998/99)
460 pairs representing an average of 0.4% of the
Common Tern Northern European/ Eastern European breeding .
) ) . . International | Annex 1
Sterna hirundo populations, representing at least 3.7% of the breeding
GB population. (Count as at 1996)
330 pairs representing an average of 0.5% of the Eastern
LittleTern Sterna Atlantic breeding population (5 year mean 1992/96); 377 )
. . . . International | Annex 1
albifrons pairs representing at least 15.7% of the breeding GB
population. (5 year mean1994/98)
3,700 pairs representing an average of 2.8% of the
Sandwich Tern Western Europe/Western Africa breeding populations.
Sterna (Source period not collated); 3,457 pairs representing at International | Annex 1
sandvicensis least 24.7% of the breeding GB population. (5 year
mean1994/98)
Roseate Tern 2 pairs representing at least 3.3% of breeding GB
.. . European Annex 1
Sterna dougallii population. (5 year mean 1994/98)
Marsh Harrier
) ! 14 pairs representing at least 8.8% of breeding GB
Circus . European Annex 1
. population. (Count as at 1995)
aeruginosus
Hen Harrier Circus | 16 individuals representing at least 2.1% of wintering GB
) European Annex 1
cyaneus population. (5 year peak mean 1993/94 — 1997/98)
Mediterranean
2 pairs representing at least 20.0% of breeding GB
Gull Larus . European Annex 1
population. (Count as at 1996)
melanocephalus
Bar-tailed Godwit* | 1,236 individuals representing at least 2.3% of wintering .
. , . International | Annex 1
Limosa lapponica GB population. (5 year peak mean 1991/92 — 1995/96)
2,667 individuals representing an average of 1.1% of the
Golden Plover Western wintering Palearctic population.; representing at
. L . . . European Annex 1
Pluvialis apricaria least 1.1% of wintering GB populations. (5 year peak
mean 1991/92 — 1995/96)
Ruff
' 54 individuals representing at least 7.7% of wintering GB European Annex 1
Philomachus population. (5 year peak mean 1993/94 — 1998/99) P
pugnax
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(Source: JNCC website)

700 pairs representing at least 1.2% of breeding Eastern
Redshank Atlantic wintering population. (Count as at 1998). 2,998
) individuals representing at least 2.0% of wintering European Breeding /
Tringa fotanus Eastern Atlantic population. (5 year peak mean 1993/94 Migratory
—1997/98)
220 pairs representing at least 1.4% of breeding
Europe/North Africa wintering populations. (Count as at Breeding /
Ringed Plover 1998). 1,256 individuals representing at least 2.5% of the = European Mi ratog
Europe/North Africa wintering populations. (5 year peak gratory
mean 1994/95 — 1998/99)
10,801 individuals representing an average of 3.1% of
Knot the North-Eastern Canada/Greenland/Iceland/North-
) western Europe populations. (5 year peak mean 1991/92 | International | Migratory
Caladris canutus  _ 1995/96); 3,457 pairs representing at least 24.7% of
the breeding GB populations. (5 year mean1994/98)
Dark-Bellied Brent | 11,512 individuals representing at least 3.8% of wintering
Goose Branta Western Siberia/Western Europe populations. (5 year International | Migratory
bernicla bernicla peak mean 1991/92 — 1995/96)
Pink-footed Goose = 23 802 individuals representing at least 10.6% of
Anser wintering Eastern Greenland/Iceland/UK populations. (5 International | Migratory
brachyrhynchus year peak mean 1991/92 — 1995/96)
Pintail 1,139 individuals representing at least 1.9% of wintering
Northwestern Europe population. (5 year peak mean International =~ Migratory
Anas acuta 1991/92 — 1995/96)
Wigeon 14,039 individuals representing at least 1.1% of wintering
Western Siberia/Northwestern/Northeastern Europe International =~ Migratory
| Anas penelope populations. (5 year peak mean 1991/92 — 1995/96)

*Species occurring at levels of international importance as identified post-designation

5.3 References
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6 Hydrodynamics and geomorphology

6.1 Introduction

This section describes the existing hydrodynamic and geomorphological conditions in the vicinity
of the Sheringham Shoal Offshore Wind Farm site and export cables route. The potential impacts
that could arise during the construction, operation and decommissioning of the Sheringham
Shoal project are discussed for each of the foundation types being considered as well as the
various installation methods.

6.2 Assessment methodology

A hydrodynamic and geomorphological study was undertaken by HR Wallingford (HR
Wallingford, 2006), providing the basis for this chapter. The assessment included:

e A desk study to determine the existing wave, tidal and sedimentary processes within the wind
farm site and surrounding sea area, along the export cables route and at the adjacent
coastline;

o An assessment of the magnitude and significance of impacts on the physical environment
resulting from the construction, operation and decommissioning of the Sheringham Shoal
project in line with the requirements listed in Section 3.3 of the Offshore Wind Farms:
Guidance Note for Environmental Impact Assessment in Respect of FEPA and CPA
Requirements (CEFAS, 2004), which include:

e Scour around turbine structures and cables;

o Effect of cable laying on suspended sediment concentrations;

o Effect of the wind farm on wave and tidal patterns, seabed forms and sediment pathways;

o Effect of the wind farm on the coastline;

o Cumulative effects with other wind farms and in-combination effects with other activities; and
o The influence of climate change.

The study also included follow up work on: modelling of sediment dispersion during cable
installation; assessment of foundation scour potential for different areas of the wind farm: and an
assessment of the impact of large gravity bases (see Appendices 6.1, 6.2 and 6.3 also based on
HR Wallingford, 2006).

HR Wallingford holds much of the existing information required for the desk-based assessment
following work carried out in the wider study area and as part of the Southern North Sea
Sediment Transport Study (HR Wallingford et al, 2002). Other information has been collected
from sources such as the Future Coast study (Defra, 2002), related Shoreline Management
Plans and coastal strategy studies (HRW, 1994-2004 and Halcrow 1996). This information is
further supplemented by site specific data collected as part of the EIA process, including
bathymetric, geophysical and surface sediment information as listed below.
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e Envision (2005). Accoustic, video and grab sample survey of Sheringham Shoal Offshore
Wind Farm. Envision Mapping Ltd report prepared for Scira;

e Royal Haskoning (2005). Sheringham Shoal Offshore Wind Farm Seismic Survey:
Interpretive report; and

e Geological Assessment (2004), Brian D'Olier, SCIRA-7-1-2-EX-ST-07080-21
e Gardline (2005), Hydrodynamics and Sediment Study
e GRAS (2005) ESA — Rapid Test Action, Case study : Sheringham Shoal Offshore Windfarm

Impacts have been assigned a level of likely significance (from major to negligible), according to
the definitions as described in Section 1. The assignment of significance includes consideration
of the natural variability of the coastal and nearshore system, the inherent uncertainty within a
dynamic environment and the ability to measure or otherwise quantify any changes resulting
from the wind farm. The impacts are described quantitatively where possible. Potential mitigation
measures are noted.

Gaps in existing knowledge are highlighted, with further studies recommended only where such
studies will provide a significant improvement in the understanding of potential impacts or
mitigation measures. Consideration is given to recently completed work for the Department of
Trade and Industry (DTI) and the Department for Environment, Food and Rural Affairs (Defra),
relating to the generic impacts of wind turbines on waves, currents and sediment transport
(ABPMer, 2005).

This study has not considered the proposed sub-stations in detail as their number and final
location have not been defined yet.

6.3 Description of the existing environment

6.3.1 Introduction

The main site lies in water depths of 15m to 22m below Chart Datum (CD) to the north of the
elongate sand bank known as Sheringham Shoal, which rises up to a shallowest point of about -
3mCD. The area is exposed to wave conditions generated within the North Sea, with the most
severe conditions arriving from the north and northeast due to fetch lengths of over 500km, while
the most frequent waves are driven by winds blowing over the much shorter fetches from the
south and west. The tidal range near Weybourne is about 4.5m (Mean Spring Tide) and the
currents run in a generally shore parallel direction with an easterly flood and westerly ebb; peak
currents occur close to high and low water. Currents at the main site exceed 1m/s on Spring
tides, giving rise to significant bed transport and the formation of mobile bed features such as
sand waves and mega-ripples. Closer to shore the currents are slightly weaker, but still sufficient
to mobilise sands and fine gravels and influence littoral drift.

The sea bed comprises mainly superficial gravely sands or sandy gravels derived from the
reworking of the underlying glacial till. Close to shore the glacial till thins out, leaving the chalk
bedrock with a generally thin cover of sandy gravel, except at the small sand bank feature known
as the Pollard.

Much of the shoreline in the area of the proposed landfall is formed of a steep shingle beach,
fronting eroding cliffs of glacial till over a chalk base. In the immediate area of the proposed
landfall the shoreline is more varied. The high cliffs give way to areas of lower ground at
Weybourne Gap and Kelling Hard, separated by an area of low and eroding chalk cliff that is
understood to be the preferred landfall site. Where the backshore is low, the shingle beach forms
a barrier ridge and is the main defence against backshore flooding.

To the west of the landfall area, the low cliffs give way to the shingle ridge of Blakeney Point and
further sand / shingle barrier island features fronting the low-lying coastal fringe with tidal inlets
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and salt marshes. To the east, the chalk formation dips down, leaving only the softer and more
easily eroded glacial till cliffs, protected by a shingle beach that gives way to a more sandy beach
beyond Cromer. Plate 6.1 and Plate 6.2 show the coastal area close to the proposed landfall
area (Weybourne Hope) and a section of the eroding cliffs to the east, with glacial till above the
chalk base.

There are no coast defence works or management operations near the proposed landfalls.
Further east, starting from Sheringham, there are groynes and sections of seawall. To the west
the shingle ridge fronting the Cley marshes is maintained by regular re-grading.

Plate 6.1 Weybourne Gap shingle ridge

Plate 6.2 Eroding cliffs and steep shingle beach to the east of the proposed landfall
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6.3.2 Tidal range and extreme water levels

6.3.2.1 Astronomical tidal range

The tidal level at any instant in time will be the summation of an ‘astronomical’ tidal level and a
‘residual’ level caused by meteorological effects. Astronomical tidal levels can be forecasted
accurately, but the residual components due to atmospheric pressure, winds, and temperature
are not easily predicted. Deep atmospheric depressions and strong winds can form storm
surges, radically altering the predicted tides. If a large storm surge coincides with a high
astronomical tidal level, then the resulting ‘total’ water level can cause great problems to coastal
defences, occasionally leading to disastrous flooding of low-lying areas, as seen in 1953 and
1978.

The tide off the East Anglian coastline travels as an anti-clockwise gyre centred close to Great
Yarmouth. The rise and fall of the tide is small close to the centre of this gyre, increasing further
from the centre as illustrated by Figure 6.1. Near Weybourne, the mean spring tide range is
estimated at 4.85m. Due to the form of the tidal gyre, the tide levels offshore are assumed to be
similar to the adjacent coastal location along the Norfolk shore. Based on interpretation of
Admiralty tidal data, the predicted tidal range data for various shoreline locations are set out in
Table 6.1.

o HELDER & HOORN

Figure 6.1 Southern North Sea tidal ranges (metres)
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Table 6.1 Predicted tidal levels

Hunstanton Blakeney Bar Kelling Cromer
mODN mODN mODN mODN

MHWS 3.65 2.95 2.70 2.45
MHWN 1.85 1.75 1.45 1.35
MSL 0.1 - 0.05 0.05
MLWN -1.25 -—- -0.80 -0.65
MLWS -2.85 -—- -2.15 -1.95

Note: Levels are given relative to Ordnance Datum, 2.75m above Admiralty Chart Datum at Cromer, Kelling and
Blakeney Bar, and 3.756m above Chart Datum at Hunstanton

6.3.2.2 Storm surges

North Sea surges tend to originate off the north-west coast of Scotland, and propagate into the
North Sea in the form of a progressive long wave. Coriolis force guides the surges southwards
down the eastern coast of the UK and around the North Sea in an anticlockwise direction. The
speed of propagation of the surge is similar to that of the astronomical tidal wave.

The meteorological conditions that produce surges in the North Sea are varied. The most severe
surges are generally of the type described below.

Large low-pressure systems tracking north-eastwards from the Atlantic Ocean, between Iceland
and the British Isles, generate strong south westerly winds. These winds cause a small positive
surge on the north-west coast of Scotland, as water ‘piles up’, and a small negative surge on the
east coast of the UK, as water is pushed towards Norway. As the depressions move further
north-eastwards, the wind veers and starts to blow from the north. These northerly winds further
enhance the surge, which by now will have propagated around the north coast of Scotland and
into the north-west North Sea. This surge travels down the eastern coast of Britain being
constantly reinforced by strong northerly winds, and reaches a maximum in the south western
corner of the North Sea (Figure 6.2). In the study area, the maximum surge elevation expected
once in 50 years is between 2.50m and 2.75m, with values at the wind farm site being slightly
lower than along the coast.

As surges propagate into the shallower water in the southern North Sea, surge/ tide interaction
can become a prominent feature. That is to say the extent of the surge can be amplified or
restricted depending on the astronomical tidal level at the time.
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Figure 6.2  Southern North Sea 1:50 year surge elevations (cm)

6.3.2.3 Total water levels

Extreme water levels (tide + surge) around the UK have been studied by a variety of authors
over a number of years (e.g. Graff, 1981; Flather, 1987 and Dixon & Tawn 1994, 1995, 1997)
Dixon and Tawn (1997) use the most advanced methods and their work is generally regarded as
containing the most accurate information. The results have been adopted for use in this study, in
combination with the long term tidal record from the A-Class tide gauge at Cromer.

Dixon and Tawn (1997) provide estimates of 1-year water levels, together with tabulated values
that are added to the 1-year level to obtain higher return period estimates. They recommend that,
where the 1-year water level at the location of interest is known with greater confidence (for
example, from local gauge measurements) than the estimate provided, then the local estimate
should be used. The A-Class tide gauge at Cromer has been analysed to provide this 1-year total
water level. Extreme levels at Kelling are taken to be 0.25m higher than at Cromer, based on
differences between MHWS at the two locations. Results of this analysis are given in Table 6.2,
giving present day extreme water levels for Kelling and Cromer, in mODN.

Table 6.2 Extreme (present day) water levels for Kelling and Cromer (mODN)

Extreme water levels (mOD) at a range of return periods (years)

Location

1 10 50 100
Kelling 3.42m 3.95m 4.29m 4.50m
Cromer 3.17m 3.70m 4.04m 4.25m

Note: Levels are given relative to Ordnance Datum, 2.75m above Admiralty Chart Datum at Cromer and Kelling

6.3.3 Tidal currents

Strong tidal currents accompany the rapid spatial changes in tidal range along the coastline of
North Norfolk. An initial appraisal of currents can be gained from the information published on the
Admiralty Charts for this coastline. Details on measured current speeds and directions are
provided at two locations in and around the study area. These details are reproduced in Table
6.3. Position A is located near the southeast corner of the wind farm. While Position B is about
4km directly north of Blakeney Point, and about 10km west of the cable route.
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The time-base for Table 6.3 is relative to high water at Immingham. High water at Kelling occurs
approximately 30 minutes later than at Immingham. This adjustment means that peak easterly
(flood) currents occur about 0.5 — 1.5 hours after high water and peak westerly (ebb) currents
occur about 0.5 — 1.5 hours after low water. This distribution of currents relative to water levels
has an impact on sediment transport, with enhanced eastward transport (or reduced westward)
along the upper shingle beach and enhanced westward transport along the lower sandy beach.

These Admiralty data points are useful, but more detailed and extensive appraisals of tidal
currents can be derived from numerical models. HR Wallingford has developed a regional tidal
flow model of the southern North Sea using the finite element based model TELEMAC (HR
Wallingford et al, 2002).

Table 6.3 Tidal streams (from Admiralty Charts)

Position A Position A
Time;{a/a“ve to 053°05.4'N, 001°13.2°E 053°01.2'N, 000°58.5'E
Immingham Speed (m/s) Speed (m/s)
Np
-6hr 300 1.0 05 283 1.0 05
-5hr 296 1.2 0.6 282 0.9 0.5
-4hr 289 1.2 0.6 281 0.9 0.5
-3hr 281 0.8 0.4 270 0.7 0.4
-2hr 248 0.2 0.1 227 0.1 0.1
-1hr 131 0.4 0.2 122 0.4 0.2
HW 120 0.8 0.4 108 0.8 0.4
+1hr 115 1.1 0.6 102 1.1 0.6
+2hr 111 1.1 0.6 098 1.1 0.6
+3hr 109 0.8 0.4 094 0.8 0.4
+4hr 087 0.3 0.2 087 0.4 0.2
+5hr 326 0.3 0.2 303 0.3 0.2
+6hr 301 0.8 0.4 290 0.7 0.4

Figure 6.3 and Figure 6.4 are snapshots of tidal current vectors and residuals from the regional
model. The spring tide flow is generally coastline parallel near shore and west north west — east
south east across the main wind farm site. Current speeds are slightly lower closer inshore
because of the increased frictional resistance of the seabed. They are predicted to be about
0.7m/s close to high and low tide. The residual flows are complex in the area of the wind farm,
and are important to the nett sediment transport. Further information on tidal flows is provided in
Appendix 6.2, which sets out the results of additional studies on suspended sediment dispersion.
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6.3.4 Wave Climate and Extremes

The wind farm site and cable route are exposed to waves generated across the North Sea, but
modified by the numerous banks across the Greater Wash area. Due to the complexity of the
bathymetry and the varying fetch lengths for different directional sectors, it would be necessary to
undertake site specific modelling to obtain reliable wave data to support engineering design.
However, for the purposes of the EIA, there are several acceptable data sources arising from
previous HR Wallingford studies (HR Wallingford, 1990 and HR Wallingford, 1998). These
include offshore conditions at several locations, and near shore conditions local to the pipeline
landfall.

Winds and waves from the southwest through northwest are most frequent, but the fetch lengths
are relatively short and waves are small (significant wave height (Hs) generally less than 1m,
rarely above 2m). North-westerly through north-easterly winds are less frequent, but are not fetch
limited and, therefore, generate the largest waves. Offshore waves above 4m are relatively
common during winter storms, and extreme Hs can be in excess of 10m, as seen for Outer
Dowsing data based on hindcasting over 10 years using modified wind data from Spurn Head,
validated against 3 years of measurements and 15 years of vessel observed data (HR
Wallingford, 1990). See Table 6.4.

Table 6.4 Offshore extreme waves (MHWS, all directions)

Significant wave height (Hs) (m)

Return Period

NE Sheringham Outer Dowsing
VEar) Ref 10 (3hr) Ref 9 (1hr)
1 5.4 9.0
10 6.8 11.2
50 7.7 12.8
100 8.1 13.5

Near shore conditions are less severe due to the influence of the banks, such as Sheringham
Shoal. This influence is most apparent at low tide when the shallow water depths over the Shoal
cause significant wave breaking, and hence a reduction in wave heights from the seawards to
the landwards side of the bank. The other banks and the generally shallower water west from the
wind farm site also influence wave directions due to refraction. These effects will vary in intensity
with wave direction and near shore location. They are in part responsible for the changing
character and orientation of the coast westwards from Kelling. Table 6.5 sets out the extreme
wave conditions close to the proposed cable landfalls (HR Wallingford, 1998).

Table 6.5 Extreme near shore wave conditions for Kelling (3hr duration, MHWS)

Significant wave height

Return period (years)

height (m)
10 5.2
50 5.9
100 6.2
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6.3.5 Joint probability events

There is a strong correlation between tidal surges and large wind waves within the Southern
North Sea as they are generated by similar conditions. The coincident occurrence of a surge,
causing water levels to be higher than the predicted tidal condition, and severe wave conditions
can give rise to conditions that influence structural design and sediment transport. For a given
probability of joint occurrence, expressed in terms of return periods, the conditions may range
from very high water levels with a modest wave condition to very severe waves with a modest
water level.

In relation to the environmental impacts, events with severe wave conditions and high water
levels can cause short term disturbance and may be important during construction or cable
laying. They may also give rise to coastal erosion and flooding, possibly affecting the landfall site.
Severe events can also significantly alter the form of offshore banks, giving rise to longer term
changes to the coastal and near shore morphology.

6.3.6 Future conditions

The proposed wind farm is assumed to have a design life of 40 years, during which time it is
anticipated that the site conditions may vary due to the effects of global climate change. The
important parameters will be increasing sea level and changes to the frequency and direction of
strong winds.

Global sea levels have been rising over the past century, and rates are predicted to increase.
Dixon and Tawn (Reference 8) indicate a rate of sea level rise in the recent past of 1.7mm/yr for
this area, approximately equal to the global average value. Because of continuing climate
changes, particularly the increase in temperature of the world’'s oceans, mean sea level will
continue to increase. Predictions from various numerical simulations of the world’s atmosphere in
the coming few decades, and other sources, seem to be agreed that the present rate of increase
in mean sea level will accelerate. Since this will occur over the expected lifetime of the wind farm,
it is necessary to anticipate higher tidal levels. Global sea levels must be considered with local
isostatic changes of ground levels to give relative water level change. At present there is an
assumption by DEFRA and the Environment Agency that relative sea level change along the
Anglian coast will be 6mm/year over the next 50 years, giving 240mm over the design life of the
wind farm. Ongoing work by several institutions will provide refinements to this accepted
standard in the future.

The impacts of climate change on winds and waves have not reached a similar state of
agreement. It is generally accepted that the design of coastal structures should consider the
potential for increased storminess and changes to the dominant directions. Due to the
configuration of the North Sea, the proposed wind farm site is predominantly exposed to severe
waves from the northwest to northeast and there is no reason to suppose that future extreme
waves will arrive from a changed direction. Wave predictions done in previous HR Wallingford
studies off Norfolk and Lincolnshire show significant variability in wave height from year to year,
but no significant overall trend of direction or energy. However, the frequency of strong winds
may increase, affecting both extreme wave heights and surge levels. In the absence of any
certainty it would be prudent to take a conservative approach and allow for design conditions at a
higher level of predicted return period than would be the case if present conditions were
assumed to continue.
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6.3.7 Geology and geomorphology

The seabed and coastline around the proposed development have been strongly influenced by
the last Ice Age and the post-glacial period. Large quantities of sediment were laid down over the
underlying chalk formations by retreating glaciers and associated rivers. The material has been
reworked by fluvial processes while sea level was below present levels, and then by waves and
currents during the post-glacial transgression and up to the present day. There has been general
onshore movement of fine sediment into the coastal fringes around the Wash, formation of sand
and gravel barrier ridges and islands, and the formation of numerous offshore banks.

In support of the EIA, the bed sediments at and around the offshore site have been sampled, and
geophysical / geotechnical surveys have been completed (D’Olier, 2004; Envision 2005, Fugro
2005 and Royal Haskoning, 2005). Information for the main site, cable route and coast has also
been derived from Admiralty Charts, British Geological Survey publications, Sothern North Sea
Sediment Transport Study and previous studies (HR Wallingford et al, 2002; JNCC, 1996; BGS,
1987 and Halcrow, 2002). The available information indicates variability of surface sediment
distribution and underlying strata across the site and along the cable route. For getting more
information about the amount of scourable material in the wind farm area, a geology report was
made by Royal Haskoning (2005). Figure 2.8 (Section 2) shows the geology in the wind farm
area. In this report the information of the Seismic Survey Interpretive Report of Royal Haskoning
(2005) was used.

6.3.7.1 Wind farm site and cable route

The mobile surface sediment of the study area comprises mainly gravely fine to medium sand,
believed to be derived from reworking of the late Pleistocene glacial till bed known as the Bolder
Bank Formation. The glacial till overlies Pleistocene heterogeneous sediment of the Swarte bank
and Egmond Formation, which is near-surface inshore of Sheringham Shoal. The underlying
bedrock is Cretaceous Chalk, which is exposed or near-surface within about 5km of the shore.
The chalk is also exposed at the low eroding coastal cliffs at the proposed landfall. Figure 6.5
indicates the general facies distribution presented by BGS. This information is presented, in
detail in Royal Haskoning (2005).
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Figure 6.5  British Geological Survey seabed facies Source: HR Wallingford (2002)
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The upper surface of the chalk slopes down to the north, from surface exposure near the shore
to about 20m below the surface across much of the wind farm site and a maximum of 45m below
the bed to the west of the wind farm site (Envision, 2005). Both the glacial till and the chalk
surface are cut by channels and depressions, infilled by Holocene sand/gravel/clay/peat beds
and covered by mobile surface sediments. The most notable is the 10m — 20m deep Weybourne
Channel area, identified by Royal Haskoning (2005) in the near shore area near Weybourne. Infill
channels are also found across the central and north-western areas of the main wind farm site,
but are not sufficiently defined to support mapping.

The thickness of the non-cohesive surface layer varies widely. Close to shore it is believed to be
generally up to only 0.5m, while the bank at Sheringham Shoal is up to 10m thick. The smaller
Pollard Bank has an approximate thickness up to 5m. Both are surrounded by mega-ripples and
sand waves. Within the wind farm site there are mega-ripples and sand waves up to 5m in
amplitude, forming a linear strip from southeast to northwest of around 10km length and 1km
width. In other parts of the site the surface sediment is less than 1m depth with areas of sand
streaks and thin patches across the glacial till surface. As with the infill channels, there is
insufficient definition to support mapping of surface sediment thickness.

6.3.7.2 Sand bank mobility

The location of the banks and the general bathymetry is apparently relatively stable. A
comparison of Admiralty surveys from 1961 - 63 and 1992 - 93 shows very little significant
difference over 30 years. Figure 6.6, Figure 6.7 and Figure 6.8 show the major contours from the
two surveys, and an overlay to illustrate changes. Allowing for the different densities of
soundings and the quality of position fixing, it appears that there is little change (note that the
close nearshore area including Pollard Bank was not resurveyed in 1992-93).

A more detailed digital analysis of the bathymetry over Sheringham Shoal was undertaken using
the Admiralty Collector Charts of 1950 and 1992, plus the Envision 2005 swathe bathymetric
survey (Envision, 2005). All charts were corrected to the same projection and vertical datum. The
resolution of the surveys increased over time, with the 2005 survey showing a high level of
seabed detail. The digitised surveys were prepared as ground models, and analysed for change
over time. The results are set out in Figure 6.9. The Pollard Shoal was not analysed as the 1950
survey was the only data set available.

This detailed work shows that Sheringham Shoal has shifted south, and possibly east, with a
trend of surface elevation change of about 1m per decade. The north, and possibly west, side of
the bank is dropping and the south, and possibly east, side of the bank is growing. In addition,
the 2005 swathe survey clearly shows the presence of sand waves up to 1m amplitude along the
north face of the bank, indicating potential elevation changes of between 2m and 6m along the
eastern cable route over the assumed 40 year design life of the project.
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Figure 6.6  Landfall seabed contours — 1961 to 1963 survey
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Map 4: Difference in Depth between 1950 and 1992 Datasets (1950-1992)
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Figure 6.9  Comparison of bathymetric surveys from 1950, 1992 and 2005

The bathymetric analysis provides less substantive evidence of change along the western route
over Sheringham Shoal. The route passes through an area of sand waves up to 4m elevation.
There is no evidence to support a rate or direction of sand wave migration, or a rate of general
bed level change, but it is reasonable to assume that wave migration could result in bed
elevation change by 4m over the project design life.

Despite the lack of evidence, it is assumed that the Pollard Shoal is also subject to short and
long term mobility.

6.3.7.3 Landfall

The landfall area is subject to ongoing retreat as a result of cliff and near shore seabed erosion
along the coast and the landward migration of the shingle beach, as discussed further in Section
6.3.9.

The coastal cliffs are most resistant where there is a base layer of chalk, but the chalk surface
dips down to the east leaving only the soft glacial cliffs. Historic map analysis indicates that cliff
erosion rates along the North Norfolk coast vary from 0.3m/year up to as much as 2.0m/year,
with an average of about 0.5m/year along the frontage from Kelling to Sheringham. The eroded
material feeds littoral drift to the west and east depending on sea conditions and location.

In the absence of further beach management interventions or the impacts of offshore
developments, the shoreline will gradually retreat, possibly with occasional periods of rapid
change in response to severe events. Breaching of the barrier ridge off Cley and opening of new
tidal channels further west are possible developments. CIiff erosion will be influenced by the
frequency of storms and surges, and there is uncertainty regarding future rates of change.
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6.3.8 Seabed processes

Seabed transport is driven by tidal currents combined with waves, and is a function of the type
and availability of bed sediment. The relative importance of waves and tidal currents varies
depending on local conditions, with the effects of waves dependent on the wave height and
period relative to the depth of water. Seabed transport pathways for the development area have
been investigated by various studies, and are considered at a regional level by the SNSSTS (HR
Wallingford et al., 2002). This important work made use of all available field information
combined with numerical modelling to derive a coherent image of regional sea bed pathways.

The existing sediment transport regime for the Southern North Sea was simulated using the HR
Wallingford TELEMAC, SANDFLOW and COSMOS models. The results of that work provide an
indication of the transport regimes at the wind farm site, the cable route and landfall. The tidal
currents can mobilise material up to coarse sand under normal spring tide conditions (see Figure
6.10), while suspended loads vary from typical mean summer values of less than10 mg/l to
typical mean winter values of 30 mg/l (see Figure 6.11 and Figure 6.12). During storm events the
natural levels of suspended sediments may increase well above these mean values. Tidal
current residuals, and therefore nett transport vectors, vary from the shore to the outer limits of
the main site giving significant differences in rate and direction.

Model results vary considerably depending on assumptions about bed roughness, wave stirring,
wind stresses and tidal state. This variability reflects the natural variability of sea conditions. A
summary of the results indicates a moderate and persistent easterly pathway between the surf
zone and Sheringham Shoal, with a moderate but directionally variable transport across the main
wind farm site. By combining the model results and seabed indicators (sand wave asymmetry,
mega-ripple patterns, sand ribbons, sand banks, etc) the SNSSTS built up a relatively
comprehensive and authoritative picture of bed transport. Figure 6.13 to Figure 6.15 present
some of the model results under various model scenarios, and an indication of the interpreted
overall situation is set out in Figure 6.16.

Over most of the development area the dominant driver for sediment transport is tidal current.
The effects of unbroken waves in the relatively deep water of the site are limited mainly to a
stirring effect whereby the entrainment process is enhanced, particularly during periods of higher
wave activity. By this process, wave action can increase the magnitude of the suspended
sediment concentration, but the transport pathways are unaltered.

Large waves in relatively shallow water cause wave breaking that generates an additional driving
force, and this process does alter the direction of sediment transport. However, for the proposed
wind farm location, the seabed levels are generally greater than 15mCD. The onset of wave
breaking due to depth limitation occurs when the wave height exceeds a factor of the water depth
of between 0.55 and 0.8. This range criterion indicates that only the most extreme individual
waves of over 8m would break over the shallowest parts of the wind farm at lowest tide levels,
while at high tide levels only waves above about 10m would be likely to break. These are
conditions that would only occur during severe wind conditions with an occurrence probability of
about 1:1 year. Consequently it is appropriate to focus attention on the potential impact of the
turbine foundations on the sand transport patterns due to tidal currents alone.

At the wind farm site and along the cable route, tidal currents are sufficient to transport sand and
fine gravel, and significant transport will occur during strong onshore winds when waves are
sufficiently large to enhance transport by disturbing the seabed. Sand ribbons, mega-ripples and
sand waves are all found, together with the large bank features of Sheringham Shoal and the
Pollard.

Current speeds are lower closer inshore because of the increased frictional resistance of the
seabed, but are still predicted to be up to 0.7m/s at high and low tide. These current speeds, on
their own, are capable of mobilising and transporting sand and fine gravel. The added effects of
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breaking waves that disturb and agitate the larger gravel and shingle particles, means that tidal
currents along this coast can affect beach sediment transport. During storm surges the currents
are potentially much stronger and may make a significant contribution to short term beach

responses, particularly in combination with storm waves.

Figure 6.10  Seabed mobility — maximum mobile grain size under spring tides Source: HR Wallingford et al

(2002)
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Figure 6.11  Mean summer suspended sediment concentrations (units: mg/l) Source: HR Wallingford et al,
(2002)
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Figure 6.12  Mean winter suspended sediment concentrations (units: mg/l) Source: HR Wallingford et al, (2002)
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Figure 6.13  Nett sediment flux patterns; spring tide (0.1mm sand) Source: HR Wallingford et al (2002)
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Figure 6.16: Combined seabed sediment transport indicator map Source: HR Wallingford et al (2002)
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6.3.9 Coastal morphology and processes

This section describes the existing coastal situation and the predicted future evolution assuming
no further onshore or offshore development. The area considered extends over the maximum
area over which the proposed development, including the cable route, could potentially influence
the coastal processes, taking in the North Norfolk shore from Scolt Head Island in the west to
Cromer in the east. Given the dominant wave directions, tidal currents and known sediment
transport routes, there are no potential impacts beyond these frontages.

The area has been intensively studied over the past fifty years due to concerns about coast
erosion and flooding, the licensing of dredging areas and the construction of pipelines connecting
offshore gas fields with onshore processing facilities. With regard to the coast and near shore
zone studies have been completed for the Anglian Coastal Atlas in the late 1980s, Shoreline
Management Plans in the 1990s, the Future Coast 2002 project and localised Coastal Strategy
Studies in the last few years (Halcrow, 2002; HR Wallingford, 1994; HR Wallingford, 2002; HR
Wallingford, 2004 and Halcrow, 1996); of these references, the recent and ongoing Strategy
Studies are assumed to take precedence as they take account of the earlier work. Further
offshore the principal reference for the whole Greater Wash area is the Southern North Sea
Transport Study (HR Wallingford et al, 2002), which brings together an extensive modelling study
with all of the previous information on sea bed processes.

Close to the proposed landfall area near Weybourne there is a change in coastal orientation due
to offshore banks, bathymetry, wave exposure and geology. To the west is a shingle barrier spit
extending over 15km westwards from Kelling to Blakeney Point, fronting lowlying reclaimed land
and marshes. Studies have estimated that it is retreating landward at up to 1m/year, and in the
past has extended by more than 80m/year towards the west, with the formation of secondary
recurved spits off the Point. The spit is fed by nett westward transport of gravel eroded from the
cliffs near Weybourne, but this supply is apparently reducing. The shingle beach slopes steeply
to low tide level, where it gives way to a flatter sand platform. Regular regrading is carried out
along the ridge opposite the village of Cley in an attempt to reduce the risk of breaching during
storms.

Beyond Blakeney Point there are saltmarshes fronted by broad sand beaches up to the Wells
channel. Further east, the sand beach is backed by dunes, sometimes forming barrier islands of
sand over shingle. The largest island is Scolt Head extending over 7km and apparently growing
westwards into Brancaster Bay.

East from Weybourne the shingle beach is backed by eroding cliffs of glacial till above a chalk
base. The lower foreshore is formed by surficial gravely sand over a chalk platform. Further east
the chalk surface dips and disappears, leaving the softer glacial till subject to more rapid erosion
(Plate 6.2). Drift direction along this frontage is variable from year to year, and it is recognised as
a drift divide zone.

At Sheringham, the seafront is protected by a seawall and groynes, forming an artificial headland
in advance of the adjacent eroding cliffs. There is only limited transport of shingle eastwards
past Sheringham, but sand is free to pass in either direction along the lower beach.

Beyond Sheringham there is a wide sub-tidal chalk platform fronting a beach that is mainly sand
with a sparse covering of shingle along the upper swash zone. The cliffs are formed of weak
glacial till, that is subject to both wave erosion and slipping. There is a seawall at Cromer and
groynes to both west and east. Beyond Cromer there are timber defences along the backshore
that reduce cliff erosion.
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There have been numerous studies of long shore drift rates, for the Norfolk coast. The SNSSTS
provides a summary of past studies and attempts to provide an overview. The methods used to
estimate rates vary widely, and so do the results. Key factors are assumptions about material
type and availability, offshore wave conditions used and length of record applied, method of
nearshore wave modelling, consideration of tidal currents and surges, impact of defence
structures and specific location along the shore. Figure 6.17 summarises the best estimates of
mean drift rates.

Further estimates of drift along the coastline between Kelling and Cromer have been made
recently to illustrate annual variability. Offshore wave data from 1978 to 2001 were used to
predict wave conditions for near shore wave prediction points located on the -3.25mCD contour
(HR Wallingford, 2004). Drift estimates were made using the standard CERC formula with a
simple set of assumptions. Annual mean nett drift results for four locations along the coastline,
Kelling, Weybourne, West Sheringham and West Cromer are summarised in Figure 6.18. The
graph includes the net longshore transport rates for point K (West Cromer) which is a sandy
beach and the values are an order of magnitude higher than the shingle beaches and have
therefore been plotted against a secondary y-axis. It is noticeable that during the 23 years, the
annual drift direction reverses several times. Figure 6.18 also illustrates the difficulty in
comparing results from different periods as averaging the results over different periods yields
different mean nett potential transport rates. This high level of variability and uncertainty is
important with respect to assessing the potential impacts of the proposed wind farm.

Beach profile changes occur over a variety of timescales, which vary from a single tide or storm
through to seasonal variations and long term trends lasting thousands of years. Most beaches
exhibit a seasonal variation in profile variability and volume in response to changing wave
energies. During the summer months most beaches build up to produce a high beach with a
berm above the high tide mark, and in the winter, higher waves comb down the beach moving
sand down to, and below the low water mark. These changes are important to the design of the
cable landfall, where sufficient allowance must be made for the expected envelope of change,
including potentially severe beach cut back during storm surge events.

Environment Agency has surveyed the beach surface along 13 shore normal profiles, from
Weybourne to Cromer. The surveys were carried out in the summer and winter months from
January 1992 to January 2003 so that the seasonal variations in beach morphology can be
examined. Profiles at the western end of their survey frontage are most relevant to this study,
and show level changes of +/-1.5m and an erosional trend of about 0.4m/year. The envelope
may need to be larger to account for extreme events not represented in the data set. The data
set also does not include the shallow sloping sub-tidal beach, where erosion of the underlying
chalk platform is non-reversible and leads to ever increasing exposure of the upper beach and
cliffs to the action of waves.
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Also of relevance to the landfall design are the North Norfolk Shoreline Management Plans. The
preferred SMP options are:

o Sheringham to Cromer: ‘managed retreat’, setting the present coastal defences further
landwards and accepting some cliff recession;

. Sheringham town frontage: ‘hold the line’ of the existing defences;

. Kelling and Sheringham: ‘do nothing’, allowing continued erosion

o West from Kelling: ‘managed retreat’, accepting some cliff recession and managing the

roll-back of the shingle ridge to Blakeney Point.

These strategies indicate that erosion of the beach at the proposed landfall location is likely to be
ongoing.

6.4 Impacts during construction and operation

In this paragraph the description of the impacts during construction and impacts during operation
have been combined. The impacts are very much related to both activities and therefore could
not be separated in all cases.

6.4.1 Impacts on waves

6.4.1.1 Localised impacts

Waves would be modified in the immediate vicinity of the turbine foundations. Monopiles or the
central cylinders of small gravity base foundations (diameter of about 30-40m, elevation above
seabed of about 3m, central column diameter of about 6m) are considerably narrower than the
typical wavelength of most waves affecting the study area and, therefore, it is considered that the
direct impact on waves would be small, other than immediately around each structure, and there
would be no discernible interaction between the foundations. The reasons for these conclusions
are set out below.

Waves are disturbed by the presence of cylinders when the diameter, D, becomes large relative
to the wavelength, L. A value of D/L > 0.2 is generally taken as the regime in which wave
scattering becomes important. A reflected wave is generated when it hits a large cylinder and
moves outwards from it. On the sheltered side of the cylinder there would be a shadow zone
where wave fronts are bent around the cylinder. These waves are the diffracted waves and,
combined with the reflected waves, they are referred to as the scattered waves.

The wave climate for the area around the proposed wind farm site includes short period waves
likely to be influenced by these simple foundations for a significant percentage of time. However,
these short period waves have low heights and therefore the resulting scattered and diffracted
waves would be small. Foundations may be considered to act independently if the scattered
waves have decayed to an insignificant wave height when they reach the nearest adjacent
foundation.

Several approaches to simulating wave diffraction and scattering are available. Recent published
research from Oxford University (Ohl et al, 2001) clearly supports the view that the scattered
waves created by interactions with any one cylindrical foundation would be negligible before
reaching the nearest adjacent foundation, assuming the range of configurations likely for an
offshore wind farm. Sample results of previous research are set out in Figure 6.19 and Figure
6.20 using 5m and 20m diameter cylinders at only 200m spacings. The contour values of
increased wave energy indicate that there are no areas with a 10% change using 5m diameter
piles but there are areas of 40% increase/decrease with the 20m cylinders. Even with the larger
cylinders the effects are negligible in the down-wave direction outside the area of the piles.
These results are only a simple example with one wave condition, but indicate that there is no
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potential for significant accumulating impacts with monopiles or small gravity bases spaced
as described in Section 2.

Even under likely worst case conditions as simulated using a simplified numerical model for a
shallow sand bank under CEFAS/Defra research project (Halcrow, 2003) the cumulative impact
of closely spaced monopiles has been shown to reduce incident wave heights by no more than
5%, with no influence on wave period. More realistic non-linear, random wave modelling, using
the range of turbine spacings proposed for this project, shows that the cumulative impact of a
wind farm on wave conditions would be negligible. This conclusion has been independently
reached by HR Wallingford during Round 1 studies, by recent DTI research for wind farm
impacts (ABPMer, 2005) and by field studies undertaken by CEFAS at Scroby Sands (CEFAS,
2005).

In the situation that large gravity base structures will be applied for 3 MW turbines (worst case),
the spacings in the dominant wave direction is 570m.. The impacts are discussed in Appendix
6.3. It is considered that there would be local scattering and some down-wave sheltering but the
effects would not be significant beyond the boundaries of the wind farm. Further definition of the
extent of any impacts would require numerical modelling, including detailed definition of the
proposed foundations.

Multi-leg foundations may also be proposed for the wind turbines. There are no standard
methods for assessing the impact of complex, braced structures on wave conditions, but it is
assumed that they would have only slightly more impact on wave energy scattering or dissipation
than the monopiles, and that the overall effect would still be negligible. Detailed testing of this
assumption would require a physical model, as numerical models are not able to allow for
detailed interactions between waves and intricate structure.
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6.4.1.2 Far-field and coastal impacts

Significant wave effects are considered to be limited to the vicinity of the monopile and small
gravity base foundations, with no significant interactions between structures, and therefore no
significant accumulating effect. Given the nature and depth of the seabed at the proposed
wind farm site it is considered that the structures would not significantly modify the seabed in a
more general sense, either by large scale erosion or accretion, although there may be some
minor deposition in the lee of the large gravity bases. This conclusion is in line with industry
research (ABPMer, 2005 and CEFAS, 2005) that concludes far-field impacts due to monopile
influences on the wave climate would be negligible for a situation with similar characteristics to
the development site.

The conclusion is less certain for gravity bases with a large profile above the seabed, due to
the lack of research and modelling. Impacts could be further quantified with greater confidence
using an appropriate numerical model capable of resolving the structures and including the
effects of diffraction, reflection, refraction, shoaling and the effects of breaking. However, given
the dimensions of the proposed gravity bases it is considered likely (Appendix 6.3) that only large
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waves during storm conditions would be affected, and there would be no significant impact on
the general wave regime either within the site or along the adjacent coast.

It should be noted that the natural variations over time in the level and extent of Sheringham
Shoal (Figure 6.7) would have a much greater impact on nearshore wave conditions than any
effects caused by the turbine foundations, regardless of type.

6.4.2 Impacts on currents
6.4.2.1 Localised impacts

Currents would be modified in the immediate vicinity of the turbine foundations. Tidal currents in
the area are essentially rectilinear with normal velocities up to more than 1m/s. In the immediate
lee of the proposed foundations there would be a flow separation zone and downstream
turbulence. Standard design guidance (CEFAS, 2005) suggests that this zone typically extends
6-10 cylinder diameters downstream (36m to 60m for a 6m diameter monopile), and within this
zone there is likely to be generation of turbulence that is greater than normal, especially during
peak flood and ebb conditions. There may also be some shedding of turbulent vortices that
extend beyond this main zone of influence. As the structures are separated by at least 570m in
the dominant flow direction, it can be assumed that there is no significant interaction between
monopiles with respect to flows.

This conclusion does not apply to large gravity base structures set at the minimum distances
proposed for the wind farm. The impacts are discussed in Appendix 6.3 based on a desk study
assessment following completion of the main assessment. It is concluded that there are no
significant changes to the broad scale flow regime, with an overall flow reduction within the wind
farm of only 2%, but with local increases around each structure. Local effects can not be
quantified with confidence using desk based methods. A finite element flow model capable of
resolving the detail of each structure would be required to simulate the situation if the potential
changes were considered sufficiently significant to the local sediment processes and the
associated benthic community. This is addressed further in the scour section below. (For this
foundation type scour protection will be applied in all cases, see Section 2) .

The use of multi-leg foundations would give rise to more complex interactions than monopiles,
and potentially a greater area of local disturbance. However, there is no reason to believe that
there would be any significant interaction between structures, nor any significant
cumulative impacts

6.4.2.2 Far-field impacts

Currents are dominated by tidal processes at the wind farm site and along the cable route, with
enhanced currents due to storm surges and wave breaking near the landfall. Other than in the
immediate vicinity of the monopiles, currents are considered unlikely to be modified to a
discernible extent by the scheme, and therefore there would be no significant impact on
adjacent areas. This conclusion is also supported by industry research (ABPMer 2005 and
CEFAS, 2005).

Section 6.4.2.1 and Appendix 6.3 discuss the situation for large gravity bases. It is shown that
there are no significant impacts on the overall flow regime.
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6.4.3 Impact on scour

6.4.3.1 Localised impacts

The potential impact of the foundations and any exposed cable on the sediment transport would
depend on the local modifications to the waves and currents, as described above, and the
availability of potentially mobile sediment. The acceleration of the tidal current and generation of
turbulence, together with wave stirring, would tend to scour sediment from around the foundation
base or from beneath exposed cables on both the flood and ebb tide, and deposit it downstream.

A best estimate for the depth of scouring for EIA purposes can be based on existing literature
(e.g. Whitehouse, 1998; Whitehouse et al, 2004; Den Boon et al, 2004; Zaaijer, 2003 and DNV,
2004), the recent monitoring experience from the Scroby Sands wind farm (CEFAS, 2005) and
engineering judgement. Further work would be required for engineering design.

For the purposes of considering the worst case situation for the environmental impact
assessment, it is assumed that there is sufficient current to cause scour at all turbine locations
and that the surface sediment is non-cohesive, homogeneous and unlimited. In reality it is known
that the sediment distribution across the site is variable, with areas of sand waves giving a
mobile depth up to 5m, areas of potentially poorly consolidated sub-strata and other areas with
only a thin and patchy mobile layer over stiff glacial till where scour would be limited. (See
Section 2, Figure 2.8 Surface geology of the site). For the purposes of this impact assessment it
is assumed that the monopile situation would be representative of the worst case in terms of the
maximum depth of scour in the case that there is no scour protection.

Scour is not assessed in detail for gravity based structures within this Section as it is considered
that any level of scour may lead to instability and would be unacceptable. Therefore scour
protection would be required as part of standard engineering design (Appendix 6.1 provides
supplementary details on the need for scour protection within different areas of the wind farm site
and with both monopiles and gravity bases).

At present there is no accepted method of assessing scour around multi-leg structures, apart
from physical modelling, so the situation is not addressed in detail. If multi-leg structures are
taken forward then further studies would be needed to consider wave and current interactions,
and resultant potential scour. These studies will learn what the impact will be on scour and thus if
scour protection is needed or not. Existing limited research (e.g. Whitehouse et al, 2004 and
zaaijer, 2003) suggests that scour and accretion would be influenced by the dimensions of the
legs at the seabed, the distance of separation, the presence of cross-bracing close to the seabed
and the orientation of the legs in relation to the currents. The upstream leg(s) would suffer similar
scour to a single monopile of similar dimensions, while the downstream ones would be exposed
to lower flow velocities and therefore would have less scour. However, as currents are
approximately rectilinear at the site, the upstream and downstream legs are interchangeable, and
the nett effect would be approximately equal scour at each leg, with the potential for cumulative
scour if the legs are closer together than the diameters of each individual scour hole. Detailed
engineering design should not rely on this assessment, and physical modelling may be required
to optimise scour protection.

The foundation of the sub station(s) will be similar to the type that will be chosen for the
windturbines. No additional significant effects are anticipated, because the number of substations
will be very low compared to the number of turbines and scour protection will be applied if
necessary.
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The results of the scour assessment under approximate worst case conditions for the wind farm
site and cable corridor are as follows:

Case 1: Wind farm monopiles

Input parameters assumed:

Monopile diameter *: 6m
Water depth: 16m or 28m at times of peak current
Peak tidal current: 1.0m/s.
Sediment size range 1: d10 =0.010mm d50 = 0.220mm d90 = 0.450mm
Sediment size range 2: d10 =0.004mm d50 = 0.08mm d90 = 0.30mm
Current speed threshold of 0.3 - 0.5m/s
motion:
Assumed depth of Unlimited
potentially erodable
sediment:

d10 = size of smallest 10 percentile of sediment range
* Monopile diameter: 6m is the most likely option. (7.5m Is the maximum monopile diameter).
Conclusions:

The steady velocity required to initiate sediment transport is approximately 0.5m/s, while the
minimum wave height needed to mobilise the sediment is approximately 0.9m (d50 = 0.22mm)
and 0.6m (d50 = 0.08mm). This indicates that under peak flow conditions the tide alone is
capable of moving sediment and causing scour around the structure, even in the absence of any
waves. In homogenous fine sand conditions, the scour hole due to tidal currents alone has the
potential to extend about 5D horizontally from the pile and up to about 1.8D vertically under worst
case conditions, where D is the monopile diameter. Assumed D = 6m, then scour may extend
approximately 30m from the outside of the structure (37.5m if D = 7.5m) and over 10m in depth
(13.5m if D = 7.5m). The presence of waves will tend to speed up the rate at which the scour
occurs, although the presence of storm waves with Hs greater than about 3m may inhibit the
scour depth and extent.

Experience from other wind farms has shown that scour can occur rapidly after foundation
construction. Although scour may not constitute a significant structural or ecological risk, it may
cause a problem for the cable connections. Monitoring of the seabed immediately after
foundation construction would guide the need for rock placement.

A more detailed review of scour potential at the wind farm site has been undertaken as additional
work and is presented in Appendix 6.1. This work indicates likely scour potential for different
areas of the wind farm site and the requirement for scour protection assuming that foundations
may be either up to 7.5m diameter monopiles or gravity bases with a large profile above the
seabed.
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Case 2: Wind farm and export cables (assumed not buried and normal to maximum flow
direction))

Input parameters assumed:

Cable: Diameter = 0.25m
Water depth: as Case 1
Current: as Case 1
Sediment: as Case 1
Threshold of motion: as Case 1
Conclusions:

The tide alone is capable of moving surface sediment and causing scour under any unburied
cables, even in the absence of any waves. After cable laying, a scour hole may quickly develop
to a depth of approximately 0.15m underneath the cable and this may grow to around 0.70m
after 10 to 15 tidal cycles, assuming that flows are approximately perpendicular to the cable
(parallel flows will cause less scour). The scour may extend up to 10m either side of the cable. If
the cable sags, the depth of the hole may be as large as 1m underneath the initial cable position.
To prevent this all offshore cables will be buried (See Section 2).

Scour due to the combined influence of the turbine foundations and the cables may cause a
particular (engineering) problem in areas of mobile sand.

6.4.4 Impacts on sediment transport
6.4.4.1 Localised impacts

Assuming a final spacing between turbines of at least 570m in the dominant tidal flow direction, it
is considered unlikely that there would be any overall sheltering effect due to 7.5m diameter
monopiles that could give rise to broad scale accretion or erosion over the area of the wind farm.
A generic industry modelling review undertaken for the DTl (ABPMer 2005) supports the view
that broad scale effects are unlikely for a situation with similar characteristics to the study site.
More recent work (CEFAS, 2005) has been undertaken by CEFAS at Scroby Sands in which
repeated high quality swathe sounding surveys showed no evidence of broad scale sea bed
change as a result of the OWF foundations (although there was clear evidence of localised scour
at each turbine and one possible area of downstream turbulent disturbance extending several
hundred metres across the crest of the shallow bank).

This assertion of no overall effect can not be applied to the large gravity base structures of
the type and dimensions proposed for the wind farm. Appendix 6.3 considers the impacts and
concludes that there would be no significant impact on overall sediment transport across the
site, but there will be an impact on sediment processes in the immediate area of each turbine.
These effects can not be defined by a desk assessment and numerical modelling would be
required to provide greater confidence.
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6.4.4.2 Far-field impacts

It is anticipated that the impact on sediment transport is likely to be restricted to localised areas
around the monopiles and along the cable route during burial and the immediate post-burial
recovery period. It is considered that the proposed development would have no significant or
measurable impact on the general sediment transport regime or morphology of the area.

As discussed, this assertion of no overall effect can be applied to large gravity base structures
of the type and dimensions proposed for the wind farm, although there may be local impacts due
to scour (in the event that protection is not placed) and leeside deposition.

Increased suspended sediment loads due to potential seabed levelling for gravity bases is likely
to extend over an area of several kilometres for several days due to the tidal excursion and the
high concentrations of fine materials released at each foundation location. The suspended load
would not include chalk fines, as the chalk beds are below the maximum extent of excavation
within the wind farm site and for this reason sediment dispersion and deposition due to gravity
base levelling was not modelled for this study.

6.4.5 Impact on suspended sediment

Sediment brought into suspension due to construction activities and later scour around the
foundations will be transported downstream a short distance. The increase would depend on the
type of foundation and construction method, while the significance of the impact would depend
on the sensitivity of the receiving environment. Assessment of ecological impacts should take
account of the moderate background levels of suspended sediment throughout the area, as well
as the active bedload transport regime that gives rise to the widespread mobile bed features
(sand ribbons, ripples and waves).

Driving monopiles would cause considerably less suspended sediment than drilling, as any spoil
lost during drilling operations may remain on the seabed for a sufficient time to allow tidal
currents to transport fine particles away from the site. Gravity bases would also cause short term
disturbance as some ground works, possibly including seabed levelling to 2.5m, are likely to be
required prior to placement, potentially releasing large quantities of disturbed sediment into the
water column. The potential extent of distribution is discussed below in relation to cable
installation.

Cables would be buried within the site and along the export cable route. It is intended that the
cable would be installed by ploughing where possible, although trenching may be required for
stiff glacial till or chalk. Regardless of burial method, bed sediment would be disturbed causing
increased suspended loads during laying operations. The impacts would depend on the
installation method employed, composition of the bed and the sensitivity of the benthos during
the construction period. Sand and coarser sediment would only be dispersed over a short
distance, while finer sediment, and particularly chalk fines, would be dispersed over a wider area
in the form of a plume.

Additional work has been undertaken to define the extent of plume dispersion due to cable
installation and the extent of the depositional footprint using a numerical model. This work is
presented in Appendix 6.2. The results are based on a number of assumptions, but are
considered to provide a reasonable simulation of the impact of cable laying. The modelling did
not consider the much larger volumes of sediment that may be released due to seabed
preparation and levelling for gravity bases.

Suspended load for disturbed silt and clay (at a level above 1mg/l) during ploughing is predicted
to extend as a plume over a distance of less than 2km in either direction before either settling out
of suspension or dispersing to a level of less than 1mg/l. The settled material can be re-
suspended as the tidal flows flood and ebb. Ploughed chalk is predicted to give a much larger
plume of around 9km as the chalk fines are assumed to remain in suspension. The worst case
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situation occurs with a slow ploughing rate (causing a plume for a longer time) and a neap tide as
this situation maximises the time taken for chalk concentrations to drop below 1mg/l. The results
in Appendix 6.2 show the maximum concentration levels (contours of up to 20mg/l — however this
will be higher in the immediate area of disturbance).

The predicted plume for trenched chalk extends more than 10km in either direction at a level of
up to 20mg/l, but levels above 1mg/l last for less than the six tides used in the model. This is a
result of the much higher initial volume of disturbed sediment.

The footprint of silt deposition was found to extend over a wide area, but at an unmeasurable
rate. Even under slack water conditions, the maximum rate of deposition over the six tide
simulation was less than 0.5mm in the areas of greatest deposition, and in most of the footprint
area the rate was far less. This result is anticipated as the deposited fines would be re-
suspended on each tide, with no measurable material left in place.

6.4.5.1 Far-field impact of suspended sediment transport

The analyses described in Section 6.4.5, including suspended sediment dispersion, anticipate
that the impact on sediment transport is likely to be restricted to localised areas around the
monopiles and along the cable route during burial and the immediate post-burial recovery period.
As stated above the rate of sediment deposition due to construction for the general area of the
wind farm and adjacent areas will be less than 0.5mm (see above). It is therefore considered that
the impact of the proposed development on the general sediment transport regime or
morphology of the area would be negligible.

As discussed in Appendix 6.3, this assertion of no overall effect can be applied to large gravity
base structures of the type and dimensions proposed for the wind farm (worst case foundation
type), although there may be local impacts due to scour (in the event that protection is not
placed) and leeside deposition.

Increased suspended sediment loads due to excavation for gravity bases are likely to extend
over an area of several kilometres for several days due to the tidal excursion and the high
concentrations of fine materials released at each foundation location. The suspended load would
not include chalk fines, as the chalk beds are below the maximum extent of excavation within the
wind farm site. The suspended sediment is expected to settle down within a short period. The
area is already affected by high bed load transport and seasonally enhanced suspended
sediment concentrations, so the work will only affect the area for a short time period. And so
sediment dispersion and deposition due to potential seabed levelling for gravity base foundations
was not modelled for this study. Impacts during operation.

6.4.6 Impact on coastal processes

There is the potential for littoral drift to be affected at the cable landfall at Weybourne Hope,
depending on the design and construction approach. At present, it is assumed that the landfall
would be achieved by ploughing or trenching across the foreshore and trenching or drilling under
the shingle beach and through the low cliffs to the backshore. If this is the case then there would
be negligible impact on the shoreline, apart from short term impacts during construction,
provided that the depth of installation is sufficient to minimise any future risk of exposure due to
short term beach draw-down or long term erosion. Impacts would be negligible provided that
the foreshore levels are reinstated using the trenched material immediately following cable

laying.
A geotechnical survey of the shingle beach is advisable prior to final landfall design, to determine
the form of the core beneath the mobile surface layer. There is likely to be a relatively

impermeable core that would need to be reinstated after disturbance to ensure that the beach is
not weakened and more likely to breach.
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Further work is also required to determine the natural envelope of beach profile change at the
landfall. The cable would need to be installed below the lowest level expected, making an
allowance for ongoing erosion and regression over the life of the wind farm.

The open coast from Cromer to Blakeney Point is in the lee of the wind farm depending on the
near shore wave direction. During the dominant north-westerly through north-easterly conditions,
waves passing through the wind farm will also pass over Sheringham Shoal. It is considered that
the impact of the proposed wind farm on wave and current regimes, and therefore near shore
transport, would be negligible in relation to the impact of Sheringham Shoal.

The short period waves incident on the foundations would mainly be scattered, rather than
dissipated, although some energy would be lost when waves break against the foundations. At
longer wavelengths, and particularly with large gravity base structures, the waves would exert a
force on the foundations, thus absorbing a small amount of energy from the waves and reducing
the energy of the transmitted wave. The amount of loss would be insignificant in relation to the
total wave energy passing through the wind farm for monopiles and low-profile gravity bases, but
may be locally observed for gravity bases with a large profile above the sea bed during severe
wave events.

In all cases, the natural changes due to Sheringham Shoal will cause a far greater impact on
wave conditions than could be attributed to the turbine foundations. It is clear that within the
context of natural variability in the wave climate at the coast and the great variability of the
existing coastal processes, the potential magnitude of any change is insignificant.

As previously noted, little research work has been done on multi-leg structures in relation to
impacts on waves, currents or bed stability. The amount of disturbance to the wave field would
depend on the configuration and the volume of the structures. It assumed that the influence
would be only slightly greater than for monopiles, and for either case the impact on coastal
processes would be negligible.

6.5 Impacts during decommissioning

No specific proposals have been set out for the decommissioning of the turbine foundations or
cables at the end of their design life of 40 years. It is assumed that permanently buried cables
would be left in place, and that foundations would be removed at or below the seabed surface.
Any exposed, or potentially exposed cable lengths would also need to be removed. Under this
situation there would be no broad scale or long term impacts on seabed or coastal processes.
Locally, scour pits may fill approximately back to the surrounding seabed level, and there would
be short term increases in suspended loads due to any required seabed disturbance. Any
exposed or potentially exposed cables in areas of seabed mobility may need to be cut and
removed. Again, this would not be expected to cause anything but temporary and local
disturbance.
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6.6 Cumulative and in-combination impacts

The development is one of eleven potential wind farm projects in the Greater Wash area, and is
close to several cables, licensed dredging areas and pipelines serving the Southern North Sea
gas fields.

The existing pipelines come onshore to the east of Cromer and are therefore out of the area of
potential influence of the wind farm. There is a cable route close to the proposed landfall at
Weybourne Hope, but there is no evidence to suggest that it has any impact on seabed or
coastal processes. Regional dredging areas are all remote from the site and outside any possible
area of influence.

The assessment described in this section has asserted that monopile, multi-pile, suction caisson
and small gravity base foundations spaced at distances of between 570m and 1120m have a
negligible cumulative impact on waves, currents or sediment transport, either within the wind
farm site or over a wider area. |If individual turbine foundations do not have an influence on
adjacent foundations, then there is no potential for one wind farm having a cumulative impact
with a neighbouring wind farm at several kilometres distance. This conclusion is in line with the
findings of CEFAS with regard to tidal excursions, as submitted to the developers in October
2004 (CEFAS, 2004).

This conclusion can also be applied with reasonable certainty to closely spaced gravity bases
with a large profile above the sea bed. Although there may be some local impact on currents,
waves and sediment processes in the area of each structure, there is no suggestion that this
effect would extend over a sufficient area to influence processes at other wind farms or in relation
to any other sea bed infrastructure or dredging activity.

6.7 Summary

A study of hydrodynamic and geomorphological processes was undertaken to set out existing
knowledge and to assess the potential impacts of the Sheringham Shoal project in accordance
with CEFAS guidance notes (CEFAS, 2004). The study has also included modelling of sediment
dispersion during cable installation, an assessment of foundation scour potential for different
areas of the wind farm and an assessment of the impact of large gravity bases. This latter work is
set out in Appendices 6.1, 6.2 and 6.3.

The impacts of the development are assessed in relation to the waves, currents, sediment
distribution, sediment transport regime (bedload and suspended load) and bedforms. The
assessment considers impacts at the structures and along the cables, within the boundaries of
the wind farm and further afield (specifically including the North Norfolk coastline), and takes
account of the full life of the development from construction to decommissioning. Consideration is
given to the natural variability of the coastal and near shore system and inherent uncertainty
within a dynamic environment.

Impacts have been assigned a level of likely significance (from major to negligible). The impacts
are described quantitatively where possible. Potential mitigation measures are noted.

It is considered that the proposed schemes using up to 7.5m diameter monopiles, multi-leg,
suction caisson or gravity bases are likely to have some localised impact on the waves, currents
and corresponding sediment transport regime in the immediate vicinity of the turbines and
cabling, but are unlikely to have any significant or measurable far field impacts. The proximity to
the other wind farm sites, cables, pipelines and dredging areas would not result in any
cumulative impacts with regard to coastal or seabed processes. This general conclusion concurs
with the findings for the already consented Round 1 wind farms set within similar nearshore
situations and recent industry research.
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Localised issues of concern for all foundation options are:

e Increased suspended sediments, including chalk fines, during foundation installation, cable
laying and decommissioning, possibly impacting on any shell fishery activities and benthic
ecology within the plume dispersion area,;

e Increased suspended sediments, not including chalk fines, during bed excavation for gravity
base foundation installation and removal;

e« Ongoing scour potential around turbine foundations throughout operational life, possibly
requiring protection in some areas;

o High potential for future exposure of cables throughout operational life due to sand wave
activity within the main site and large scale bed mobility across Sheringham Shoal; and

o High potential for future exposure of the export cables at the landfall due to shoreline erosion
requiring protection measures.

The potential for broad scale changes to the seabed as a result of the combined effect of all the
turbines depends on the dimensions and spacing of the foundations, plus the seabed stability
and the wave/current conditions. The proposed wind farm is anticipated to have between 45 and
108 turbines founded on monopiles, multi-piles, suction caissons or gravity base foundations as
described in Section 2 with spacing of 570m to 1120m (depending on direction and size of
turbine).

A rough rule of thumb for the extent of disturbance to the current field of up to 10 length-scales
suggests that the current would be affected for a distance of only 75m leeward of each monopile,
although turbulent vortices may be apparent over a greater distance. This indicates that these
foundations can be considered as independent of each other in respect of the impact on the
currents. Wave effects are considered to be similarly restricted in the spatial extent of their
impact with monopiles.

Understanding of the impacts of large gravity bases or more complex, multi-leg foundations is
less well defined. Overall flow reductions of around 2% for the wind farm site are estimated from
desk assessment of large gravity bases. This level of change is considered to be insignificant in
terms of general sediment transport process, but may have impacts on local processes and may
need further assessment if it is considered that the local ecology is sensitive to low levels of
deposition.

The potential sediment transport patterns along the assumed routes of the cables have been
assessed. The cables pass through areas of large scale bed mobility (sand waves and banks)
requiring that the cables should be deeply buried to reduce the potential for future uncovering. As
the maximum practicable depth of burial is about 3m, it is likely that future exposure will occur
across the Pollard Bank, Sheringham Shoal and within the SE sand wave area of the wind farm
site, Monitoring and a management plan for reburial are required.

From an environmental impact perspective the existing natural mobility of the sediment indicates
that the turbines are unlikely to have a significant impact beyond their immediate area following
construction, over the design life or during decommissioning. Changes due to the structures are
likely to be less than those experienced due to natural variation and are therefore insignificant.
This is likely to be true for both the seabed and the shoreline.

The background levels of suspended sediment concentration at the wind farm, and along the
cable route are believed to be moderate (10mg/l to 30mg/l seasonal range of mean values), so
the transient impact of plumes arising from the installation process may be significant under
specific circumstances. Any potential environmental impacts would depend on the season and
the likely sensitivity of the benthic ecosystem. The proposed cable route is directed through the
“Weybourne Channel” and over the Pollard Bank in order to minimise laying through chalk, and
this should reduce the potential impact of dispersed chalk fines within the immediate near shore
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zone. It has been shown by numerical modelling that increases in suspended sediment levels
due to cable laying are small, localised and short lived. Increases are considered very low and
probably insignificant for ploughing, but potentially significant for trenching if there are sensitive
habitats close to the cable route during installation.

The beach at Weybourne Hope is subject to strong drift and cross-shore profile change in
response to the high energy wave and tidal environment. It is also subject to ongoing erosion,
with a historic retreat rate of about 0.4m/year, including the low cliffs at the rear of the beach. The
design and installation of the cable landfall must take account of the envelope of beach profile
change and the future erosion. Although trenching is possible, it may be prudent to use
horizontal directional drilling to install the cable to avoid any disturbance to the low cliffs. If
trenching is preferred then it is recommended that coring of the beach is undertaken prior to
design and a study is completed to define the likely profile envelope and safe burial depth.
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7 Marine and Coastal Water Quality

7.1 Introduction

This section identifies the marine and coastal water quality characteristics of the study area and
assesses the magnitude and significance of changes associated with the proposed Sheringham
Shoal project. The impacts on water quality during construction, operation and decommissioning
are identified and evaluated with reference to a number of EC Directives concerning water
quality. Where available, information collected as a result of various monitoring programmes is
used to support the findings.

7.2 Assessment Methodology
7.2.1 Study Area

The study area is that defined by the area over which direct and indirect effects could occur as a
consequence of the proposed development. This is determined by the modelling work
undertaken by HR Wallingford which assesses plume dispersion from the proposed construction
activities (see Section 6 Hydrodynamics and Geomorphology).

7.2.2 Data Availability

The offshore location of the Sheringham Shoal Wind Farm means that information available on
water quality for the area where the turbines would be installed is limited. Monitoring
programmes carried out by the various responsible authorities as a consequence of EC Directive
requirements generally only cover areas where designations or outfalls discharging particular
substances are located. These are predominantly located inshore. There are several sites
monitored annually for parameters, such as metals for example, by CEFAS located offshore
however these sites are located several kilometres from the study area. Additionally, data is only
collected once a year and information is only available up until 2002 (CEFAS pers. comm.)

Currently classification systems for waters in estuaries exist, however similar systems for coastal
waters do not. The situation will be revised with the introduction of the Water Framework
Directive, where both coastal and estuarine environments will be assessed and classified based
on a wide range of environmental parameters. Monitoring for the Water Framework Directive
classifications will start in 2006 and classifications of areas will be implemented by 2015.
Although representing a significant change in the area classified by Directives, the Water
Framework Directive seaward limit is currently set by DEFRA at 1 nautical mile.

There are currently two types of water quality designations in the proposed study namely:
e Bathing waters; and
o Shellfish waters.

The Environment Agency is responsible for monitoring water quality at these locations and
reports the data against guideline standards and environmental quality standards (EQS) which
are designed to protect the environment and human health.

The approach to assessing the potential effects on water quality arising from the Sheringham
Shoal project is based on a comparison of the predicted changes to the relevant water quality
parameters against the criteria established as environmental quality standards (EQS) within
these Directives. Where EQSs do not exist (for example suspended solids concentrations), the
impact is assessed with reference to the background conditions. Site specific data supporting the
assessment of the predicted changes to water quality has also been derived from the results of
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the sediment plume modelling studies undertaken for the project (see Section 6 Hydrodynamics
and Geomorphology) and seabed sediment quality analysis (see Section 9 Benthic Ecology).

The significance level (negligible — major adverse or beneficial) of identified impacts are shown in
bold in Sections 7.4 — 7.6 and are considered to be the residual impact following successful
implementation of the cited mitigation measures, good construction or operational practice, or
relevant regulations and guidelines. See Section 1 for the definition of significance levels.

7.3  Existing Environment

7.3.1 Designated bathing waters

Bathing water quality is assessed by standards listed in the EC Bathing Waters Directive. The
Directive was adopted by the Council of the European Communities in 1975 and transposed into
law for England and Wales to form the Bathing Waters (Classification) Regulations 1991. The
Directive is concerned with the quality of bathing waters for the purpose of protecting public
health and requires monitoring of microbiological parameters and a small number of physical
parameters (visible oil etc).

There are two types of microbiological standards set out in the Directive, namely the mandatory
standards and the more stringent guideline standards. The mandatory standards are:

e 10,000 total coliforms per 100ml of water; and
e 2,000 faecal coliforms per 100ml of water.

For bathing water to comply with the Directive, 95% of samples collected within a bathing season
(15™ May to 30™ September) must meet these and other physical criteria.

The guideline standards should be achieved where possible and are:
e 500 total coliforms per 100ml of water (in 80% samples);

e 100 faecal coliforms per 100ml of water (in 80% samples); and

e 100 faecal streptococci per 100ml of water (in 90% samples).

Water quality is classified as ‘excellent’, ‘good’ or ‘poor’. ‘Excellent’ relates to the achievement of
the more stringent guideline standards and ‘good’ relates to the achievement of the mandatory
standards. Bathing waters classified as ‘poor’, fail to meet the Directive’s minimum mandatory
standard.

In December 2000, the European Commission put forward a proposal to revise the EC Bathing
Waters Directive. Following several years of discussions and revisions, the directive is now due
to be enacted in April 2006. Member states will then have two years in which to transpose the
legislation into UK law. The main differences to the current Directive resulting from the proposed
revisions would include:

¢ A change in the standards and parameters to be applied;

¢ A new bathing water classification system;

e Proactive beach management;

e A significant increase in the information available to the public;

e The classification of the bathing water based on three seasons of data rather than the
current one season; and

e The opportunity for member states to make changes to the list of designated bathing waters,
the length of the bathing season and the location of the monitoring point.

There are five designated bathing water sites in the vicinity of the export cable works. These are
shown in Figure 7.1
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Bathing water quality at these designated bathing waters for the period 1995 to 2005 is illustrated
in Table 7.1.

Table 7.1 Bathing Water quality at each of the designated bathing waters

Bathing

Water

Wells G G G E G E G E E G E
Sheringham E E E E E E E E E E E
Cromer G E G E E E E E E E E
Mundesley G G E E E E G E E E E
Sea Palling*® - - - - - - - E E E E

Note: P = poor; G = good; E = excellent
*Sea Palling was newly designated in 2001/02.

All five bathing waters passed the mandatory standards in the last four years and in 2005, all five
passed the more stringent guideline standards.

Designated bathing waters may also apply for Blue Flag and/or a Seaside Award, both of which
are administered by ENCAMS (Environmental Campaigns). In addition to water quality which
meets the requirements of the EC Bathing Waters Directive, these awards require the beach to
be clean, safe and well managed. The Blue Flag requires compliance with the guideline
standards of the EC Bathing Waters Directive and the Seaside Award requires compliance with
the mandatory standards of the Bathing Waters Directive. In 2005, Mundesley, Sea Palling and
Sheringham were awarded Blue Flags and Seaside Awards and Cromer was awarded with a
Blue Flag. Applications for awards in 2006 are currently in progress. The stretch of beach at
Weybourne Hope is advertised as dangerous for bathing due to strong undertow.

7.3.2 Designated shellfish waters

The Shellfish Waters Directive (79/923/EEC) is designed to protect the aquatic habitat of the
bivalve and gastropod molluscan species of shellfish. Species covered include oysters, mussels,
cockles, scallops and clams (but not crustacean shellfish such as crabs, crayfish and lobsters).
The Shellfish Waters Directive is implemented in the UK under the Shellfish Waters (Shellfish)
(Classifications) Regulations 1997. Shellfish waters are monitored for various parameters based
on water quality standards established by the Directive. These parameters include:

e suspended solids;

e salinity;

e dissolved oxygen (DO);

e organo-halogenated substances (e.g. PCBs, organochlorine pesticides);

e trace metals;

o faecal coliforms in shellfish flesh; and

e others parameters such as colour of the water, hydrocarbons, pH, temperature.

For each substance, the Directive specifies the minimum number of samples to be taken, the
water quality standards to be met and the percentage of samples that must meet these
standards. The standards are either a numeric limit or a descriptive standard (see Table 7.2).
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The water quality standards have been met if the following percentage of the samples analysed
do not exceed the limit values:

e 100% for metals and organo-halogen compounds;

e 95% for salinity and dissolved oxygen (DO);

e 75% for other substances; and

e No evidence of harm to the shellfish from organo-halogenated compounds.

Table 7.2 Selected imperative Environmental Quality Standards (EQS) for shellfish waters
Parameter ‘ Units ‘ Standard
Suspended mg/l A discharge affecting shellfish waters must not cause the suspended
solids solid content of the waters to exceed by more than 30% the content of
waters not so affected
Salinity Parts per | <40 parts per thousand
thousznd A discharge affecting shellfish waters must not cause their salinity to
(ie.gf) exceed by more than 10% the salinity of the waters no so affected
Dissolved % Average of individual values >70% and an individual measurement
oxygen saturation | may not indicate a value lower than 60% unless there are no harmful
consequences for the development of shellfish colonies
Organo- - The concentration of each substance in the shellfish waters or in the
halogenated shellfish flesh must not reach or exceed a level which has harmful
substances effects on the shellfish and their larvae
Metals (Ag, mg/| The concentration of each substance in the shellfish waters or in the
As, Cd, Cr, shellfish flesh must not reach or exceed a level which has harmful
Cu, Hg, Ni, effects on the shellfish and their larvae.
Pb, Zn) The synergic effects of these metals must be taken into consideration

The closest designated shellfish water is located at Blakeney, 17km south of the offshore wind
farm and 8km west of the export cable landfall (See Figure 7.1). Since its designation, the
shellfish water at Blakeney has complied with the mandatory standards.

The Shellfish Hygiene Directive, although not a Directive directly protecting water quality,
stipulates the level of treatment required depending on numbers of bacteria in the shellfish flesh.
This Directive is designed to protect human health. Since shellfish are grown in the natural
environment, it is a commonly held view that the concentration of bacteria in the flesh directly
relates to the quality of the surrounding water in which they grow. The monitoring undertaken as
a consequence of this Directive can therefore be used as a rough indicator of water quality.

Under the Shellfish Hygiene Directive, standards are set in terms of concentrations of coliform
bacteria and salmonella. Shellfish are classed in categories ‘A’, ‘B’, ‘C’ and ‘P’ where ‘A’ is the
highest quality and can be collected direct for human consumption. ‘P’ is the poorest quality and
shellfish are prohibited from collection. Monitoring for the Shellfish Hygiene Directive is carried
out by the local authorities and the data is collated by the Food Standards Agency. Table 7.3 lists
the species commercially collected within the shellfish water and their classifications.

May 2006 Scira Offshore Energy Ltd. Page 167 of 722



Table 7.3 Designated bivalve mollusc production areas in the Blakeney Shellfish
Water (Source: Food Standards Agency website 2006)

Bed Name Species Classification

Simpool Common Mussel B
Stiffkey Common edible cockle | B/C
Morston Strand Pacific Oyster B
Freshes Creek Pacific Oyster B

7.3.3 Offshore water quality

As described above, information describing offshore water quality is limited. This predominantly
relates to the lack of drivers in the various monitoring programmes for water quality
measurements (CEFAS pers. comm.). Additionally, the sites monitored under the National
Marine Monitoring Programme are located some distance from the study area and are only
collected on an annual basis. For these reasons, the information has not been included as part of
this assessment.

There is however information available with respect to typical mean summer and winter values
for suspended solids. Figure 7.2 and Figure 7.3 illustrate typical suspended sediments for both

summer and winter.
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Figure 7.2 Mean summer suspended sediment concentrations (units: mg/l) (spm in key refers to suspended
particulate matter)
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Figure 7.3 Mean winter suspended sediment concentrations (units: mg/l) (spm in key refers to suspended
particulate matter)

From Figure 7.2 and Figure 7.3 it can be seen that suspended solids loads vary from typical
mean summer values of less than 10mg/l to typical mean winter values of 30mg/l. During storm
events, the natural levels of suspended solids may increase well above these values (See
Section 6).

7.4 Impacts during construction

7.4.1 Impacts due to re-suspension of sediments

Seabed sediment could potentially be disturbed as a result of construction activities on the
seabed, including:

e installation of turbine and offshore substation foundations (including seabed preparation and
spoil disposal);

e installation of inter-array and export cables; and

« the placement of scour material and activity of construction vessels, such as placement of
spud legs.

Any sediment that is disturbed and enters into suspension would subsequently be transported
and dispersed by the prevailing tidal currents and would ultimately be re-deposited onto the
seabed. Such disturbance to seabed sediments (both surface sediments and the underlying
bedrock) has the potential to impact on the water quality both in offshore waters adjacent to the
construction activity and at coastal and far-field sites.
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There are no water quality standards relating to suspended solids in marine waters. However the
Shellfish Water Directive requires that a discharge affecting designated shellfish waters must not
cause the suspended solids content of the waters to be exceeded by more than 30% in 75% or
more of samples compared with waters not so affected. Therefore the standards of the Directive
have been met if 75% of samples do not exceed the limit value.

The Bathing Waters Directive does not have standards relating to suspended solids, although
aesthetic appearance of the bathing water during the bathing season is an important component
of the recreational value of beach areas.

To assess the impact on the marine environment, predicted suspended solids concentrations
have been compared to typical background concentrations experienced in the areas impacted.

7.4.1.1 Installation of turbine and offshore substation foundations

The various turbine and substation foundation options that are being considered for the
Sheringham Shoal project (see Section 2) all have the potential to resuspend varying amounts of
sediment.

Driven monopiles would have the least impact in relation to resuspension of sediments since little
sediment would come into contact with the water column. It is anticipated that if piles need to be
drilled, then sediment arisings would be removed direct to the surface via a closed system of
drilling (see Section 2). At the surface the arisings (sediment and a biodegradable lubricant)
would be settled out and the arisings disposed of either on or offsite (with an option to dispose of
within the monopile structure). A lubricant is used to aid the drilling process and can safely be
returned to the water with no deleterious effects, other than localised aesthetics.

Gravity bases may require the seabed to be prepared for installation by levelling. Such large
scale disturbance of surface material (2000-5000m*® per foundation) would lead to significant
dispersion plumes of disturbed material. As demonstrated by the dispersion studies undertaken
for cable burial (see Section 6 and Appendix 6.2) background concentrations would be
temporarily increased above the suspended solids concentration range typically experienced in
the area, but would decrease rapidly beyond the immediate vicinity (10s of metres) of the
preparation area due to the rapid settlement of the coarse material at the site (see Section 6). It
is considered that there would be a moderate impact on the suspended solids concentrations in
the water column in the immediate foot print of the development during preparation activities,
decreasing to a negligible impact within a short time (one tidal cycle). Overall, due to the coarse
nature of the surface and sub surface sediments and therefore the very rapid settlement of the
sediments and the low sensitivity of the receiving waters a negligible impact on water quality is
anticipated. Due to the depth of the chalk bedrock in the wind farm site (below 9m below the
surface) no impacts from disturbance of chalk would occur.

For installation of foundations using multi-legs or by suction piles, there are no additional
anticipated significant impacts other than those applicable to monopiles and gravity bases (see
Section 6).

The distance to the designated waters (approx. 17km to the nearest bathing and shellfish waters)
and the exposed location of the area would ensure good dispersion and dilution. Significant
increases in suspended solid concentrations above background concentrations within the
designated areas are not predicted therefore no impact on the water quality of designated
waters is expected.

7.4.1.2 Installation of inter turbine array and export cables

Re-suspension of seabed sediment could potentially occur as a consequence of the installation
of both the inter-array and site to shore (export) cables.
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It is anticipated that the plough or trench method of cable laying would be used to install the main
export cables whilst a number of options could be used for installation of the inter turbine array,
including jetting and trenching (see Section 2).

Since the installation of the main export cables requires disturbance of the seabed in areas
closer to the designated waters, this impact is considered to be the likely worst case scenario. As
such, modelling has been undertaken to assess the likely impacts of resuspension of sediments
(See section 6) associated with the installation of export cables.

Sediments to be disturbed along the proposed cable route are based on the findings of grab
samples and borehole logs (See section 6) and indicate that the mobile surface layers mainly
consist of sandy gravel with less than 4% fines. The sub layer varies from heterogeneous
Holocene layers to the bolder clay of the Bolders Bank formation and typically has a silt/clay
content of approximately 60%. For the purposes of modelling, a worst case scenario has been
assumed which requires that all of this fine material would be available for dispersion. In reality
however, much of it is likely to remain in large lumps and therefore will not disperse (See Section
6). Additionally, silt/clay areas are modelled as if there is no surface sediment (i.e. installation
directly into the silt/clay material).

Full details of the modelling assessment are found in section 6. The following paragraphs
summarise the main findings.

In areas where the export cables are proposed to be buried up to 3m, the cable is installed in
sands only with no disturbance of the underlying chalk. Since the percentage of fine sediment
recorded from the sediment samples is less than 4%, dispersion from these areas is assumed to
be very low (See Section 6). The modelling therefore focuses on the areas where high
percentage of fine material is likely to be disturbed (based on the above assumptions).

Figure 7.4 and Figure 7.5 present predicted sediment dispersion as a result of installation of
export cables through chalk using plough installation. This is considered to be the worst case
scenario as disturbance of chalk produces the most fines. Results are presented as maximum
concentration plots i.e. peak increases of suspended solids experienced at each point over a
period of six tides.
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Ploughing through chalk - neap tide

Concentraton

Figure 7.4 Peak concentrations of suspended solids during neap tides for installation of export cables using
the plough method
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Figure 7.5 Peak suspended solids predicted to occur over spring tides for installation of export cables using
the plough method
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During cable installation there would be increases in sediment concentrations which would
rapidly disperse through the water column depending on the state of the tide. As can be seen in
Figure 7.4 and Figure 7.5, the dispersion footprint for both tides (spring and neap) indicates that
worst case conditions are experienced during neap tides where the plume footprint extends for
9km in each direction (compared to 4km for springs). Concentration levels however reduce to
less than 1mg/I above background within a single flood or ebb excursion.

Figure 7.6 presents predicted sediment dispersion as a result of installation of export cables
through chalk using the trenching methodology. Since the worst case scenario for cabling using
the plough technique was shown to be during neap tides, results for the neap tidal model run
only, are presented.

Trenching through chalk - neap tide

T T T T T T
600000 610000 620000 630000

/HR_projects/ebr3769/model/Plume_model ling/Rubensprojects/trench_chalk_np.RUB/max_conc.i

Figure 7.6 Peak suspended solids predicted to occur over neap tides for installation of export cables via
trenching
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The volume of material released by trenching is much higher and the predicted plume extends
more than 10km in either direction at a suspended solids level of 20mg/l above background
concentrations. The model predicts a gradual drift of the plume towards the shore however, over
six tides, the plume is predicted to disperse to suspended solids concentrations of less than
1mg/l above background.

The total length of chalk at surface or near surface is approximately 1.6km (for the preferred
direct cable route) as detailed in Section 2. The disturbance of chalk in these areas could lead to
a visible milky plume at the surface, however this would be of an aesthetic nature only.
Additionally, the plume is not predicted to impact on any of the coastal designations and the
offshore area which is impacted, is considered to be of low sensitivity in terms of water quality.

The impact on water quality of the offshore area and on the designated waters situated along the
coastline, is therefore considered to be of negligible significance.

The proposed cable route would be directed through the Weybourne Channel and over the
Pollard Bank in order to minimise laying through chalk. This would reduce the potential impact of
dispersed chalk fines within the immediate near shore area and therefore reduce the impact on
the non-designated bathing water at Weybourne Hope. Additionally, the installation will only
occur over a very short period of time. An impact of negligible significance is therefore
predicted.

Impacts from elevated suspended sediments on habitats and species in the area are discussed
in Section 9, Benthic Ecology and Section 10, Natural Fisheries.

7.4.1.3 Other construction activity

There may also potentially be impacts associated with vessels and equipment required for
installation of the turbines and cables. These are however, considered to be very small since
activity would be localised to the development and would only be impacting on the seabed for
very short periods of time. The impact to the surrounding water quality is therefore deemed to be
of negligible significance.

Overall, due to the temporary nature of the plumes generated, the high mixing and dispersion of
the area, the relatively small spatial area affected and the distance to any designated sites,
impacts on water quality are considered to be of negligible significance.

7.4.2 Impacts due to re-suspension of contaminants

The potential for the re-suspension of seabed sediments or disturbance of the underlying chalk
bedrock during the installation of the cables and turbines, has the potential to release associated
sediment-bound contaminants into the water column. The release of chemical contaminants
could potentially increase the concentration of contaminants in the water column and affect
compliance with EQSs at sites monitored by the Environment Agency (see above).

The mean concentrations of Polycyclic aromatic hydrocarbons (PAH), Polychlorinated biphenyls
(PCB) and metals recorded from the seabed sediments sampled for sediment contaminant
concentrations as part of the benthic survey undertaken by IECS (see Section 9), are below the
limit of detection at all sites. The risk of breaching the EQS is therefore considered to be nil.
Consequently there would be no impact on the quality of designated waters due to re-
mobilisation of contaminated sediments.

Impacts from re-mobilisation of contaminated sediments on habitats and species in the area are
discussed in Section 9, Benthic Ecology and Section 10, Natural Fisheries.

7.4.3 Impacts due to re-suspension of pathogens

During the construction phase, there is the potential for bacteria present within the sediment to
be re-suspended into the water column. This could potentially cause exceedances of the
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statutory standards in relation to the designated bathing waters. Uptake of bacteria by shellfish in
the designated shellfish water could also impact on compliance with the guideline values for
faecal coliforms in shellfish flesh (as described in the Shellfish Waters Directive) but could also
cause the shellfish bed classifications to be downgraded (as described in the Shellfish Hygiene
Directive).

Sediment samples taken from within the disturbed areas show a relatively low percentage of fine
organic material. This significantly reduces the risk of high levels of bacterial contamination in the
sediments, since fine mud sediments, with high organic content, retain more contaminants than
relatively coarse sandy sediments. Since the area to be disturbed is predominantly sandy, it is
unlikely that high concentrations of pathogens would be associated with the sediments.

Given the above, no impact on the Bathing Water and Shellfish Waters is predicted.

7.4.4 Impacts due to accidental spillage of construction materials

During the construction period, there is the potential for pollution from spills or leaks of fuel, oil
and construction materials such as grout. Other materials that would enter the water column
include drilling lubricants.

The risk of this arising would be minimised by following standard good practice with regard to the
pollution prevention guidance issued by the Environment Agency. In addition, any chemicals
used would be approved in line with the Offshore Chemicals Regulations 2002 and approved by
MCEU/Defra. Drilling lubricants would be non toxic and biodegradable and capable of dispersal
in seawater.

In addition, the Contractor would have in place appropriate Site Environmental Management
Plans (SEMP) and Pollution Control Plans (PCPs), agreed with the relevant statutory bodies
which will ensure the adoption of best practice on site. These will act to reduce the potential for
accidental pollution to occur and in the unlikely event that such pollution does occur, will ensure a
rapid and appropriate response. The appropriate storage of oils and lubricants on construction
vessels would be undertaken as best practice and all waste disposed of in accordance with the
relevant guidance and duty of care legislation.

Overall, given good construction practice, a negligible impact on water quality is anticipated.

7.5 Impacts during operation

Work during the operational phase would not require any significant disturbance of sediments.
The only potential risk of impact on water quality is from accidental spillage of materials from
maintenance vessels, the turbines or the offshore substations during routine maintenance.

By ensuring pollution prevention guidelines and best practice guidelines are adhered to, the risk
of accidental spillage would be minimised. As described above, operational and maintenance
plans will ensure appropriate storage, use, pollution prevention and rapid clear up in case of
incident. No impacts are anticipated.

7.6 Impacts during decommissioning

Impacts on water quality during decommissioning would largely be associated with the removal
of the offshore structures. Re-suspension of sediment is therefore a potential risk and impacts
are likely to be similar to those described for the construction phase above, should disturbance of
the sea bed be required for removal. Any arisings disposed of in the monopile would remain in
situ, since it is likely that monopiles would be cut off below the surface. Removal of gravity based
foundations and scour protection would cause some suspension of sediments due to partial
adhesion of sediments to the underside of structures when lifted. Impacts of a similar nature (but
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smaller magnitude) to construction would be anticipated. Any need to deal with the arisings
would be dealt with in the Decommissioning Plan (see Section 2).

As it is likely that cables would remain in situ once disconnected, impacts associated with the
removal of the cables would not occur. Impacts are anticipated to be either of negligible or no
impact.

7.7 Cumulative effects

The impacts on water quality predicted for the Sheringham Shoal project are highly localised and
short term. Other activities which may have a potentially cumulative effect could be the
construction of other wind farms during the same period. However, given that the impacts
associated with these developments are likely to produce similar localised, short term impacts,
the distance separation means that no interactions are likely, nor are any increased scale of
impact envisaged.

No other activities, such as marine aggregate dredging or disposal are in proximity of the
Sheringham Shoal project (see Section 1, Other Human Activities).

7.8 Summary

There are five designated bathing water areas and one designated shellfish water area located
within the vicinity of the Sheringham Shoal project, the nearest being located at Sheringham and
Blakeney respectively. Both the bathing waters and shellfish waters meet mandatory standards.

Impacts on water quality due to re-suspension of sediments during the construction phase are
considered to be potentially most significant. However, the exposed location of the site, the
localised extent and nature of the sediment disturbance and the distance of construction
activities in relation to the designations (between 8 and 17km) is such that no impacts on the
designated sites are anticipated. The low sensitivity of the water quality outside these
designations also ensures that impacts are of negligible significance. The disturbance of short
lengths of areas of surface and near surface chalk on the export cable route could lead to a
visible milky plume, however this would be of an aesthetic nature only.

The impact of re-suspension of sediment contaminants and bacteria has also been assessed as
no impact, predominantly due to the low risk of bacterial contamination and the general low level
of contamination found within the sediments within the areas to be disturbed.

Adherence to standard pollution prevention guidance, site environmental plans and best practice
will reduce risks to water quality from accidental spillage.

Impacts on water quality during the operational phase are considered to be negligible, given
adherence to standard pollution prevention guidance and good practice during maintenance.

During decommissioning, impacts on water quality would largely be associated with the removal
of the offshore structures. Re-suspension of sediment is therefore a potential risk and impacts
are likely to be similar to those described for the construction phase above. It is anticipated that
the export cables would remain in situ once disconnected.

7.9 References
¢ www.environment-agency.gov.uk
e www.encams.org

o www.food.gov.uk
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8 Ornithology

8.1 Introduction

This section describes the baseline conditions of the ornithological interest of the Sheringham
Shoal offshore wind farm site and surrounding area. It identities and assesses the potential
environmental impacts during the construction, operation and decommissioning of the project.
Mitigation and monitoring measures are discussed where necessary. The ornithological interests
associated with the onshore cable route are discussed in Section 0, Terrestrial Ecology.

8.2 Assessment Methodology

8.2.1 Introduction

Wind farms may impact on birds in three main ways:
e Mortality as a result of collision with turbine blades, towers and ancillary structures;

o Displacement from preferred areas used for feeding, roosting, resting, moulting or passage;
and,

o Indirect effects through changes in habitat or prey supply.

Mortality is obviously relevant on an individual level but would only be significant at population
level once a specific number of individuals are lost. Disturbance and displacement are
considered together as it is difficult to separate these two effects. Displacement may only be a
problem if alternative areas are not available and significant if measurable impacts on individual
fitness are ultimately manifested at a population level (i.e. reduced breeding productivity). A
barrier effect of a wind farm would be especially relevant for birds purposefully passing through
on migration or cummuting through on a more frequent basis, e.g. for foraging trips. Indirect
effects may be particularly difficult to measure requiring integrated simultaneous monitoring of
important habitat variables and for example, prey supply such as fish stocks. However, impacts
may be both positive or negative and mediated through both distribution and abundance for
example by fish associating with structures thereby enhancing prey supply, although construction
activity may have initially negatively affected fish reproduction patterns and behaviour through
noise and vibration (Nedwell & Howell, 2004).

Assessment of the ornithological interest on the impacts of offshore wind farms is generally
focussed on true seabirds (e.g. petrels, shearwaters, Gannet Morus bassanus, skuas, gulls,
terns and auks) and those typically spending a part of their annual life cycle at sea (e.g. divers
and sea-duck). However other groups may be incorporated including those passing through the
prospective site such as a range of waterfowl and waders associated with coastal or wetland
habitats, migrating land birds such as passerines and aerial species such as hirundines and Swift
Apus apus that may also forage over the open sea as well as the land.

The underlying aims of the field surveys were to establish:

o Bird activity and densities within the development area, buffer zone and control area;
e« Movement and activity of internationally and nationally important bird species;

e  Bird activity during periods of migration (autumn and spring);

e The importance of the site in terms of feeding, roosting and resting birds for birds of
particular interest.
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From this baseline, the potential impacts of construction, operation and de-commissioning of the
proposed wind farm site are predicted using significance level assessment. Where necessary,
mitigation measures to reduce any impacts upon birds are proposed.

A number of species/groups were identified in the Scoping Report as being of particular
relevance to the Sheringham Shoal wind farm, mostly but not exclusively linked to the proximity
of the North Norfolk Coast and Wash Special Protection Areas (SPA’s)"" and their qualifying
species and assemblages (see Table 8.1 and Section 5, Nature Conservation Designations).
These species/groups were:

Divers — Red throated Diver Gavia stellata and Black-throated Diver Gavia arctica;

Geese — Pink-footed Goose Anser brachyrhynchus and Dark-bellied Brent Goose Branta
bernicla;

Waders;

Sea-duck — Eider Somateria mollissima, Common Scoter Melanitta nigra and Velvet Scoter
M. fusca;

Terns — Sandwich Tern Sterna sandvicensis, Common Tern S. hirundo, Roseate Tern S.
dougalli and Little Tern S. albifrons;

Auks — Guillemot Uria aalge and Razorbill Alca torda.

Linked to this, and after consultation with English Nature and the Royal Society for the Protection
of Birds (RSPB) seven key issues were identified:

Possible reduced productivity of internationally important tern colonies due to disturbance of
feeding areas;

Potential disturbance to nationally important populations of divers and sea-duck over-
wintering off the North Norfolk Coast;

Potential disturbance of sea-duck that may use the proposed site as a moulting area;
Possible disturbance of post breeding auks;

Potential disruption of migration routes used by large numbers of waterfowl wintering in
North Norfolk and the Wash;

Potential disruption of similar migration routes of land birds such as pipits, wagtails, thrushes
and warblers;

Potential strikes of sea-birds during bird movements in stormy weather.

" A specific designation for sites of international importance for birds
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Table 8.1

Internationally important sites for nature conservation near the proposed Sheringham Shoal
wind farm, their designations and qualifying bird species and assemblages.

Qualifying bird species/assemblages

Designation Breeding Over winter On passage
season
The Ramsar site, | Common Tern, Avocet, Bar-tailed Godwit, Black- Ringed Plover,
Wash cSAC, SPA, | Little Tern, tailed Godwit, Curlew, Grey Plover, | Sanderling
NNR, SSSI Marsh Harrier Golden Plover, Knot,
Oystercatcher, Turnstone, Dunlin,
Redshank, Pintail, Shelduck, Dark-
bellied Brent Goose, Pink-footed
Goose, Whooper Swan.
Assemblages of >20,000 waterfowl.
North Ramsar site, | Avocet, Bittern, | Avocet, Bar-tailed Godwit, Bittern, Ringed Plover
Norfolk cSAC, SPA, Common Tern, Golden Plover, Knot, Redshank,
Coast NNR, SSSI Little Tern, Hen Harrier, Ruff, Pintail, Wigeon,
Roseate Tern, Dark-bellied Brent Goose, Pink-
Sandwich Tern, | footed Goose.
Marsh Harrier,
Mediterranean Assemblages of >20,000 waterfowl.
Gull, Redshank,
Ringed Plover

8.2.2 Survey Objectives and Justification

A detailed and extensive programme of surveys over a two-year period (the baseline) in 2004,
2005 and early 2006 was developed following consultation with English Nature. Twenty-nine
boat-based surveys specifically conducted over the immediate study area (the wind farm site and
a control area) were used as the principal survey platform throughout the study period, between
March 2004 and February 2006.

This was supplemented by seven aircraft-based (aerial) surveys over the larger Greater Wash
Area to provide additional information on the study area and to define its local and regional
context. The aerial surveys encompassed peak periods of abundance for a range of seabirds of
conservation importance, during winter 2004/05 and summer 2005. The aerial survey
programme was undertaken in collaboration with other developers of proposed wind farm sites in
the Wash arranged by the Department of Trade and Industry (DTI).

In addition, supplementary information on bird use of the airspace inshore of the site was
provided by continuous intensive (day/night) radar studies conducted over two selected periods
during peak bird migration in autumn 2004 and 2005.

Different survey effort was applied in summer, autumn and winter to meet specific survey
objectives in line with the key issues (see section 8.2.1 above). Thus:

e An intensive programme of boat-based and aerial surveys from May to August was
employed to investigate the distribution of Sandwich and Common Terns foraging offshore
from the breeding colonies at Scolt Head and Blakeney Point (the latter being closer and
thus of particular relevance to the proposed site), as well as identifying usage by post-
breeding auks and/or moulting sea-ducks;
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o Boat-based effort during autumn (August-November) was reinforced by specific use of radar
focussed on the peak passage period of September/October, in order to investigate
migration routes and flight heights of seabirds, wildfowl, waders and passerines;

e« The winter period was divided into early, middle and late periods with boat-based and aerial
surveys conducted in each to ensure that any concentrations of over-wintering sea-duck and
divers were detected, in order to establish the potential for disturbance of these groups in the
vicinity of the site.

Full details of the agreed survey programme are provided in Appendix 8.1.

8.2.3 Survey and Sampling Methodology
8.2.3.1 Introduction

The use of different survey methods with known specific biases allowed assessment of all the
different groups of birds likely to be encountered and especially those of particular importance
(see section 8.2.1 above). Boat-based and aerial surveys are general tools with a focus on
seabirds, with some groups such as divers and sea-duck readily disturbed by boats being best
assessed by aerial surveys. However, identification to species level of groups such as gulls,
terns and auks is most readily undertaken during boat surveys. Distinguishing between different
species and even different groups in radar studies relies on simultaneous visual observation of
birds detected. Radar does however, have the advantage of being able to record nocturnal
movements.

8.2.3.2 Boat-based surveys

A total of 29 surveys were conducted between March 2004 and February 2006, using the
transect route shown in Figure 8.1 12 Dates of these surveys are provided in Appendix 8.1.

The boat survey area (124km?) was defined by the site proposed to contain the proposed
development (35km?), a buffer strip of (54km?) of up to 1.5km width around the site in which
indirect effects may arise (e.g. through displacement of birds), and an adjacent area of similar
size to the site (35km?), as a control area (Figure 8.1). Total transect length was 89km. The site
and buffer and control areas were determined after consultation with English Nature and the
RSPB. In addition, at the request of the RSPB, in the summer of 2005 a further survey transect
of 5km in length for a maximum survey area of 5km? was established along Sheringham Shoal,
some 5.6km to the south of the proposed site. This was primarily to assess the importance of the
shoal for feeding terns.

'2 A somewhat different survey route was used in the first two surveys (March and April 2004). See
Appendix 8.2 for details.
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In general, the survey methodology followed that recommended by COWRIE (Collaborative
Offshore Wind Research into the Environment established by the Crown Estate) building on
those published by Komdeur et al. 1992). Poor conditions (in excess of a sea state 5) in which
surveys should not be undertaken according to the recommendations of both COWRIE and
Camphuysen et al. 2004 may occur in any season in the Wash, particularly in the east of the
area where the site is located. Despite this, only three surveys were missed, with the most
serious shortfall in May/June 2004 offset by a full programme of surveys in the equivalent period
in 2005.

Six vessels have been used during the survey period, all of which met the COWRIE
recommendation of 5m or more eye height for observers (see Appendix 8.1). To ensure good
survey coverage, most surveys after September 2004 were conducted from the Mfv Jubilee
Intrepid, which is a larger (21.3m), more stable vessel able to operate effectively in more
challenging conditions.

All surveys employed a team of at least two observers, who, on all but the first nine surveys,
were supported by a liaison officer with specific responsibility for safety issues, ensuring
compliance with the agreed survey route as well as recording environmental data. The vessel
itself was operated by a dedicated skipper and his crew. Details of the observation teams are
provided in Appendix 8.1.

Plate 8.1: Surveyors on board the Mfv Jubilee Intrepid. © Dan Brown.

Whilst the standard techniques of line-transect for birds on the water supplemented by snapshot
counts for flying birds as recommended by COWRIE (Camphuysen et al. 2004) were used, some
modifications were made to improve detection of birds, estimation of population size in the
survey area and data interpretation, thereby maximising the value of the data gathered. Thus,
while birds were generally detected by eye, forward scanning using high quality binoculars was
undertaken to improve detection of divers and sea-duck in particular, that are known to flush from
the sea surface at considerable distance from the vessel. Moreover, two 90° line transects were
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operated simultaneously wherever possible, to improve the probability of detection of rare
species and those occurring at low density. Snapshot counts were operated over 180° ahead of
the vessel at specified distance intervals of 500m rather than time intervals to account for any
deviations in boat speed according to strong tidal flow. This also meant that a consistently high
number (approx. 200) of snapshots were taken in the same locations over time. Finally, all
recording of birds was undertaken in real time rather than time blocks allowing more accurate
positioning of birds.

For all birds encountered (both singly and in groups or flocks) during the survey, their distance
from the boat, flight height and direction (from eight compass directions) and general behaviour
(e.g. foraging, carrying prey etc.) were recorded. Following recommended methodology, on both
line transects and during snapshots, birds were assigned to five distance bands (A: 0-50m,
B: 50-100m, C: 100-200m, D: 200-300m and E: >300m). Distances were continuously verified
using objects of known distance (by GPS) and range finders. Birds in A-D were defined as ‘in
transect’ (or snapshot) and used in density calculation. As a result of the difficulty in estimating
flight height (despite the use of reference structures) a precautionary approach was adopted and
birds were assigned to four heights according to the prospective area swept by turbine blades
(Om-water surface, 0-20m-below turbine blade height, 20-120m-within the sweep of turbine
blades and >120m above turbine blade height). Two letter species identification codes
recommended by the British Trust for Ornithology (BTO) were used throughout, with other
behaviours coded as defined by COWRIE. All bird data and a number of environmental variables
affecting visibility and thus survey efficiency (e.g. rain, cloud cover, glare, wind speed and sea
state) were recorded on modified Seabirds at Sea survey forms using a standard protocol (see
Appendix 8.1).

8.2.3.3 Aerial surveys

Aerial surveys of the Greater Wash (GW) strategic area, including the Sheringham Shoal wind
farm study area, were undertaken from November 2004 to August 2005 by the Wetland Advisory
Service (WAS) of the Wildfowl & Wetlands Trust (WWT) for the DTI. Surveys were undertaken in
each of seven key periods: early winter, mid winter (1 & 2), late winter, breeding-incubation,
breeding-chick rearing and post fledging/moult.

The whole survey area of 7001km? was divided into survey blocks, as shown in Figure 8.2. The
Sheringham Shoal wind farm site lies within the GW5 survey block. Each survey of GW5 was
conducted over one day (typically four hours flight time centred on midday GMT) in selected
good weather conditions generally with wind speeds of <15 knots, using the recommended
COWRIE methodology (Camphuysen et al. 2004).

Surveys were conducted from Partenavia PNG8 aircraft flying at an altitude of 76m (250ft) and a
speed of approximately 200kmh™" along transects of c. 20-65km at 2km intervals oriented along a
north-south axis to the shore, which helps reduce glare and improves detectability of birds. The
location of the aircraft was recorded every five seconds using GPS, allowing the subsequent
accurate positioning of any bird(s) to within a few hundred metres (WWT 2005).

For each observation of a bird(s), their identity, number, general behaviour (e.g. swimming, flying
etc.), distance from the transect line, and time of observation were recorded using a dictaphone.
Using a clinometer, birds were assigned to one of four distance bands (A:44-163m, B:163-282m,
C:282-426m, D:426-1000m) when perpendicular to the flight path of the aircraft. At <44m birds
cannot be seen beneath the body of the aircraft. The survey method assumes all birds in Band A
are detected and greatest effort is concentrated in this band.

Despite the use of only experienced observers, species identification is cautionary and only
those individuals seen clearly were assigned to species level. Otherwise, birds were assigned to
taxa such as diver spp., pale-backed gull (Common Larus canus or Herring L. argentatus gulls),
dark-backed gull (Lesser L. fuscus and Great L. marinus Black-backed gulls), large gull (Herring,
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Lesser and Great Black-backed gulls), small gull (Larus spp. smaller than L. canus), gull (Larus
spp. and Kittiwake Rissa tridactyla), tern (Sterna spp.) and auk spp. In the latter category the
numerically dominant Guillemot and Razorbill were rarely separated.

Additional aerial survey results are available from a less intensive survey campaign in the winter
2002/03 (Cranswick et al. 2003). Using a series of transects at 4km intervals, surveys of a more
limited area, but including the Sheringham Shoal wind farm site, were undertaken in February
and March 2003. The data from these surveys have been kindly provided by WWT and are
included in the current analysis.

8.2.3.4 Radar surveys

The Central Science Laboratory (CSL) Bird Detection Radar system was deployed continuously
under optimal conditions (apart from short periods of rain in both years) day and night for six
days (116 hours) from 18"-23 October in 2004 and for four days/nights (96 hours) from 19"-23
September 2005. See Appendices 8.5 and 8.6 for the radar survey reports.

The equipment was located close to sea level onshore at Weybourne, providing an unobstructed
view of the offshore area to a maximum range of 11.1km (S-band system) including in the
direction of Sheringham Shoal. Therefore, whilst radar could not cover the actual site (located
from 17km offshore) it provided an indication of bird movements through the site, particularly for
birds travelling in a generally southerly direction to land.
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Both the S-band horizontal system (Furuno surveillance antenna FR-2135S-B) and the X-band
vertical system was used in 2005 after the restriction of the X-band system by the licensing
requirements of the Civil Aviation Authority (CAA) in 2004. The S-band system has a 10cm
wavelength, peak pulse power of 30kW, pulse width of 0.3us, beam width of 25° in the vertical
plane and 2.5° in the horizontal plane, covering 360° when rotated. The antenna head was
positioned at a height of approximately 4m. The X-band system has a 3cm wavelength, peak
pulse power of 25kW, pulse width of 0.07us, beam width of 20° in the vertical plane and 0. 9° in
the horizontal plane. The system scans through a narrow arc to 1.4km but to a height of 3km,
allowing birds to be assigned to different height categories relative to turbine height. In 2004,
without the use of X-band a worst-case scenario of assuming all birds were at potential strike
height of turbines was adopted.

The use of radar to observe bird movements is generally limited to detecting presence or
absence of individuals or flocks, with only occasional identification of groups/species inferred by
range (correlated with size) and speed. By carrying out simultaneous visual observations
however, inferences can be made regarding the nature of the bird assemblages present, during
daylight hours. Whilst visual observation cannot ‘see’ the same number of targets detected by
radar, it does provide information on species composition.

Although radar tracks were detected at up to 11km during the study, only the highest quality
targets (large individual birds such as large gulls, Gannet and geese and flocks of >50 individuals
of thrush-sized passerines) could be detected at >7km. Individual passerines were detected at
<4km, corresponding to the distance of the bulk of movements recorded offshore.

8.2.4 Data Analysis
8.2.4.1 Population size and density estimation from boat surveys

In boat-based surveys, estimates of population size for each species were derived by multiplying
the density of individuals (ind. km™) by the area of the boat survey area or site and buffer alone.
The density of any species was determined by adding together the calculated density of the two
different components of the population — individuals in flight and those on the water — using only
birds ‘in transect’ (birds in bands A-D). The transect area was 52.79km? (i.e. 43% of the survey
area).

Snapshots were used to calculate the density of birds in flight i.e. number of birds in ¢.200
snapshots divided by area (300m2 x 2 for a 180° scan x ¢.200 snapshots). The standard protocol
assumes all individuals of even the smallest species are seen at a distance of up to 300m (bands
A-D). For birds on the water, the reducing detectability of birds at increasing distance from the
observer was taken into account by assuming that the numbers in each 100 m band should be
equal, assuming a non-aggregated distribution of birds. To reduce variance and allow correction
factors to be calculated for different sea state (detectability of birds reducing with greater wave
height) a large data set involving >3,000 observations from a large number of pooled surveys at
different sites in the Wash was used. Assuming all birds were seen in band A+B, meaningful
correction factors for bands C and D could be calculated for the principal auk species — Guillemot
and Razorbill — which dominated the pool of birds on the water surface. At sea states = 2, the
proportion of birds that could be seen at >200m was low (2-5%), and to reduce error in
population estimation, effective transect width was reduced to 200m (bands A-C) for a total
transect area of 35.29km™ (i.e. 29% of boat survey area), and correction factors only applied to
band C.

For rare species, which either did not occur in transect and/or for which a density could not be
derived the number observed was taken as a minimum population estimate.

See Appendix 8.2 for further details.
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8.2.4.2 Population size and density estimation from aerial surveys

In aerial surveys estimates of population size for each species were derived according to
three different methods of calculating density, namely extrapolation, estimation and distance
sampling, which were then multiplied by the area of the survey block to give estimated
populations. The survey transect width, measuring 956 m, was divided into 4 bands (Table
8.2).

Table 8.2 Distance bands used for aerial surveys (Source: WWT 2005)

Distance from plane (m) Width (m)

44-163 119
163-282 119
282-426 144
426-1000 574

Population estimation involved calculating density by taking the total number of birds
recorded in bands A and B and dividing by the survey area of these two bands, based on the
assumption that all birds in bands A and B were seen but a proportion of birds were missed
in bands C and D. A distance sampling correction was applied to a limited number of species
where sufficient records had been obtained. This used birds in bands A and B, applying a
correction factor to the birds in band B derived from the total number of birds recorded in
band B (all surveys) divided by the total number of birds recorded in band A (all surveys).
For rare species, which either did not occur in transect and/or for which a density could not
be derived, the number observed was taken as a minimum population estimate.

The survey effort of the Port side surveyor and the Starboard side surveyor were handled
separately in order to calculate real survey effort and exclude surveyor breaks. A total
population of each species was calculated by adding the total for each survey block,
although not all blocks were surveyed on each occasion.

See Appendix 8.3 for further details.

8.2.4.3 Population size and density estimation from radar

Radar returns were automatically filtered to remove ‘clutter’ (permanent landscape features) and
‘noise’ (randomly generated returns) by specially developed mathematical algorithms. Therefore,
only potential bird targets were recorded onto Microsoft Access databases (one for each 24 hr
period). Only bird targets tracked for a minimum of 5 consecutive antenna rotations (i.e. at least
10 seconds) were used to ensure high quality outputs with a clear directional component.

Each track was displayed as a straight-line vector showing length of track and bearing (16
colour-coded divisions in ArcGIS software, allowing interpretation of large-scale migration
patterns and flight lines. Tracks were divided according to day/night and time blocks where
required.
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8.2.5 Significance Level Assessment

8.2.5.1 Conservation importance of the populations

The first step in assessing the significance of any impact is to determine the importance of the
subject. For birds, the conservation importance of the population is the currency of evaluation,
with the standard use of the 1% criterion as recommended by the Joint Nature Conservation
Committee (JNCC). For example, the population of the study area would be internationally
important if it exceeded 1% of the European flyway population, nationally important if it exceeded
1% of the GB population, regionally important if it exceeded 1% of the population in the Greater
Wash and locally important if it exceeded 1% of the population in Norfolk. Every effort was made
to use appropriate numbers for either breeding and wintering populations. Typically, the passage
population is some derivative of the breeding or wintering population, although some estimates of
post-breeding birds (e.g. for auks - Tasker et al. 1987) are available and others may be derived
by the known population in particular months of the year when birds are on passage (see
Important Bird Areas for Seabirds in the North Sea - Skov et al. 1995; An atlas of seabird
distribution in north-west European waters - Stone et al. 1995).

Threshold values for international and national populations were derived from figures presented
in BirdLife International (2004), which represents the most up-to-date amalgam of international
and national population data. Where necessary, data were also compared with information
presented in the extensive data sets of Skov et al. (1995) and Stone et al. (1995).

Given that no systematic attempt had previously been made to survey seabirds in the Wash,
regional population sizes of non-breeding species were derived from the current programme of
aerial surveys (see section 8.2.4.2 above) as well as from the western North Sea area of Stone
et al. (1995), which incorporates the Wash. In the case of the latter, for any species this involved
using the density value at the time of year (usually month but occasionally using the highest
value within a season) corresponding to the peak use of the Wash by that species as observed in
boat-based surveys, multiplying by the Greater Wash survey area of 7000km? defined by aerial
surveys.

Local population estimates were derived from the Birds of Norfolk (Taylor et al. 1999) and the
systematic recording of birds presented in annual Norfolk Bird & Mammal Reports published by
the Norfolk & Norwich Naturalists’ Society.

8.2.5.2 Significance categories

Assessment of the ecological significance of the various effects upon a species population relies
on defining the sensitivity of the species and the magnitude of any negative effect. These are
combined within matrix analyses to derive the level of significance of any impact. This process is
based on the Environmental Assessment Regulations (1999) and on the Institute of
Environmental Assessment Guidelines (1995). The definitions of sensitivity and magnitude used
here (Table 8.3 and Table 8.4) follow those developed by Scottish National Heritage (SNH) and
the British Wind Energy Association, BWEA (Percival et al. 1999), and which have been used in
recent offshore wind developments (e.g. the London Array).

Significance is interpreted as defined in Table 8.6 with the major significance levels implying
unacceptable effects possibly requiring changes to the nature of the proposed development. In
contrast, moderate significance would imply potentially significant impacts, but which may be
alleviated through mitigation. Minor and negligible significance require no action other than best
practice in design and implementation. The methodology assesses the nature of negative
impacts, although neutral or positive impacts may be included within the minor and negligible
categories.
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The sensitivity of the species was as defined in Table 8.3. The magnitude of an effect was
defined using an adaptation of Table 8.4, e.g. using the percentage of birds seen feeding in the
wind farm as a measure of the number of birds that would be displaced from important habitat.
The magnitude and sensitivity were combined using the matrix in Table 8.5 to define the
significance level and interpreted as in Table 8.6.

Table 8.3 Definition of terms relating to the sensitivity of the ornithological components (species) of the
proposed site.

Sensitivity Definition

Very High Cited interest of SPAs, SACs and SSSis. Cited means mentioned in the
citation text for the site as a species for which the site is designated
(SPAs/SACs) or notified (SSSIs).

High Other species that contribute to the integrity of an SPA or SSSI.

An impact on a local population of more than 1% of the national
population of a species.

An impact on ecologically sensitive species (e.g. large birds of prey or
rare birds - <300 breeding pairs in the UK).

Medium Regionally important population of a species, either because of population
size or distributional context.

EU Birds Directive Annex 1, EU Habitats Directive priority habitat/species
and/or W&C Act Schedule 1 species (if not covered above).

UK BAP priority species (if not covered above).

Low Any other species of conservation interest (e.g. species listed on the Birds
of Conservation Concern not covered above).
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Table 8.4 Definition of terms relating to the magnitude of an effect upon the ornithological components
(species) of the proposed site.

Magnitude { Definition

Very High Total loss or very major alteration to key elements/ features of the

baseline conditions such that post development character/composition/
attributes will be fundamentally changed and may be lost from the site
altogether.

Guide: >80% of population/habitat lost

High Major alteration to key elements/ features of the baseline (pre-
development) conditions such that post development
character/composition/attributes will be fundamentally changed.

Guide: 20-80% of population/habitat lost

Medium Loss or alteration to one or more key elements/features of the baseline
conditions such that post development character/composition/attributes of
baseline will be partially changed.

Guide: 5-20% of population/habitat lost

Low Minor shift away from baseline conditions.

Change arising from the loss/alteration will be discernible but underlying
character/composition/ attributes of baseline condition will be similar to
pre-development circumstances/patterns.

Guide: 1-5% of population/habitat lost

Negligible Very slight change from baseline condition.

Change barely distinguishable, approximating to the ‘no change’ situation.

Guide: <1% of population/habitat lost

Table 8.5 Matrix of magnitude of effect and sensitivity used to assess the level of significance of each
contribution. Shaded cells indicate impacts of some or serious concern (as defined in Table 8.6).

Major Major ‘ Major ‘ Moderate
. Major Major ‘ Moderate Minor
Magnitude

Major Moderate Minor Minor
Moderate Minor Minor Negligible

Negligible

Sensitivit
Low

Negligible Negligible Negligible
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Table 8.6 Interpretation of significance categories.

Major The impact on birds gives rise to serious concern and should be
considered unacceptable.

Moderate The impact on birds gives rise to some concern but it is likely to be
tolerable (depending upon its scale and duration).

Minor The impact on birds is undesirable but of limited concern.

Negligible The impact on birds is not of concern.

8.3 Description of the existing environment

8.3.1 Avian assemblage & important species
8.3.1.1 Boat-based surveys

A total of 6,125 individuals of 61 identified species were recorded from boat-based surveys over
the study period (Table 8.7). In addition, ten non-specific taxa of varying levels of identification
were recorded. For example, ‘Large gull sp.” and ‘Small gull sp.” were recorded where birds were
at great distance or seen only fleetingly.

True seabirds were strongly represented, with, for example, all four possible Northern
hemisphere skuas, all four auks likely to be encountered in the North Sea and all seven UK
breeding gull species amongst the species recorded. A range of groups apart from true seabirds
and those typically spending a part of their annual life cycle at sea were also represented. These
included a range of waterfowl and waders at least associated with wetland or coastal habitats,
and a range of land birds such as passerines and a raptor (Kestrel Falco tinnunculus), as well as
aerial species such as Swallow Hirundo rustica and Swifts.

Over 500 individuals of four species were seen: Guillemot (1191 ind.), Sandwich Tern (746 ind.),
Razorbill (743 ind.) and Gannet (583 ind.). Between 100-500 individuals of Kittiwake, Fulmar
Fulmarus glacialis, Lesser Black-backed Gull, Common Tern, Great Black-backed Gull, Little Gull
Larus minutus, Common Gull, Starling Sturnus vulgaris and unidentified auk were recorded.

Overall, the density of birds in the study area fluctuated greatly, from just 0.30 ind. km? in late
June 2004 to a peak of 22.15 ind. km? in October 2004. Seasonal peaks were seen in mid-
October in both years, driven by the presence of auks (Guillemot and Razorbill), with lesser
peaks in early July 2004 and mid-August 2005, both caused by Guillemot. The peak densities
seen in October are in line with that expected in the Western North Sea (22.45 ind. km™) for the
same month, but are generally lower than would be expected for the rest of the year (Stone et al.
1995).
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Table 8.7 Total number observed (sum of all 29 surveys), maximum density (individuals km’), and
estimated maximum population size (number of individuals) of all bird species in both the wind farm (with
1.5km buffer) and overall boat survey area. The conservation importance (defined in section 8.2.5.1) of
populations in the wind farm and the boat survey area in a national (N), regional (R ), and Local (L) context

are shown.
Total Maximum Maximum Conservation
number density population importance
size

Wind Boat Wind Boat Wind Boat

farm survey farm  survey farm survey

+ buffer  area " area | | p.fer area

buffer

Red-throated Diver 20 0.07 0.05 6 6 L L
Diver spp. 5 0 0 3* 3* - -
Fulmar 404 0.32 0.21 28 26 L L
Manx Shearwater 5 0.03 0.02 3 2 - -
Sooty Shearwater 3 0.04 0.03 4 4 L L
Storm Petrel 3 0 0 2* 2% L L
Leach’s Petrel 1 0 0 1* 1* L L
Gannet 583 1.21 1.09 107 134 m
Cormorant 2 0 0 2% 2% - -
Grey Heron 4 0.17 0.12 15 14 - -
Brent Goose 5 0 0 5* 5* - -
Pintail 1 0 0 1* 1* - -
Eider 5 0.08 0.06 7 7 - -
Common Scoter 77 0.03 0.23 3 28 - -
Duck spp. 55 0.33 0.23 29 28 - -
Kestrel 1 0 0.02 0 1* - -
Grey Plover 1 0 0 1* 1* - -
Lapwing 11 0.41 0.29 37 36 - -
Dunlin 3 0 0 2 2 - -
Bar-tailed Godwit 2 0 0 2 2 - -
Whimbrel 1 0 0 1* 1* - -
Curlew 1 0.04 0.03 4 4 - -
Redshank 2 0 0 2* 2* - -
Green Sandpiper 2 0 0 2 2* - -
Turnstone 1 0 0 1* 1* - -
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Table 8.7

are shown.

Total

Maximum

number

density

Total number observed (sum of all 29 surveys), maximum density (individuals km'2), and
estimated maximum population size (number of individuals) of all bird species in both the wind farm (with
1.5km buffer) and overall boat survey area. The conservation importance (defined in section 8.2.5.1) of
populations in the wind farm and the boat survey area in a national (N), regional (R ), and Local (L) context

Maximum
population

Conservation
importance

Wind

Boat Wind Boat Boat
survey farm  survey farm survey
area " area | | p.fer area
buffer
Wader spp. 2 0 0 2* 2* - -
Pomarine Skua 1 0 0 1* 1* L L
Arctic Skua 37 0.12 0.15 11 18 L L
Long-tailed Skua 1 0 0 1* 1* L L
Great Skua 19 0.14 0.1 12 12 - -
Skua spp. 2 0.03 0.02 2 2 - -
Mediterranean Gull 1 0 0 1* 1* L L
Little Gull 170 1.16 1.3 103 160
Black-headed Gull 96 0.15 0.27 14 33 - -
Common Gull 148 0.33 0.27 30 33 - -
Lesser Black-backed Gull 286 0.73 0.58 64 72 m
Herring Gull 78 0.21 0.18 19 22 - -
Great Black-backed Gull 178 0.18 0.19 16 24 L L
Kittiwake 412 0.77 1.02 69 127 L L
Small Gull sp. 2 0 0 1* 1* - -
Large Gull sp. 82 0.14 0.1 13 12 - -
Sandwich Tern 746 0.3 0.72 27 89
Common Tern 244 0.57 0.77 51 95
Arctic Tern 1 0 0 1* 1*
Tern sp. 24 0.12 0.09 11 11
Guillemot 1191 10.7** 8.9** 1105™ | 949*
Razorbill 743 12.5** | 13.7** | 1690** | 1113** §
Little Auk 1 0 0.02 0 1* - -
Puffin 30 0.27 0.25 24 30 L L
Auk spp. 135 0.3 0.27 27 33 - -
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Table 8.7 Total number observed (sum of all 29 surveys), maximum density (individuals km’), and

estimated maximum population size (number of individuals) of all bird species in both the wind farm (with
1.5km buffer) and overall boat survey area. The conservation importance (defined in section 8.2.5.1) of
populations in the wind farm and the boat survey area in a national (N), regional (R ), and Local (L) context
are shown.

Total Maximum Maximum Conservation
number density population importance
size
Wind Boat Wind Boat Wind Boat
farm survey farm  survey farm survey
+ buffer  area " area | | p.fer area
buffer
Feral Pigeon 5 0 0 2* 2*
Collared Dove 1 0 0.02 0 1*
Short-eared Owl 1 0 0 1* 1*
Swift 77 0.18 0.12 16 15
Skylark 2 0 0 1* 1*
Swallow 3 0.03 0.02 3 2
House Martin 6 0 0 5% 5*
Meadow Pipit 28 0.16 0.16 14 20
Pied Wagtail 1 0 0 1* 1*
Robin 1 0 0 1* 1*
Wheatear 1 0 0 1* 1*
Blackbird 14 0.08 0.06 7 7
Fieldfare 2 0 0 2 2
Song Thrush 16 0 0.06 0 14*
Mistle Thrush 1 0 0 1* 1*
Thrush spp. 13 0 0 13* 13*
Goldcrest 1 0 0 1* 1*
Starling 117 1.05 0.72 94 89
Chaffinch 1 0 0 1* 1*
Crossbill 2 0 0 2* 2%
0

Passerine sii 4 0 3* 3* - -

* Denotes maximum number of birds observed where the population estimate derived from density values would otherwise be

zero.

** Derived using distance sampling correction factors.
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8.3.1.2 Radar

In total, 29,023 bird movements were recorded in October 2004 (Parnell et al. 2004) with
104,920 movements in September 2005 (Parnell et al. 2005). The inter-annual difference
appeared to be caused by a greater number of passage birds in September compared to
October. Migration in 2005 was most obvious on a broad westerly front (SW to NW) whereas in
2004 it occurred in two distinct directions, southerly (1.3% of all movements) and westerly (25%).

In 2005, clear peaks in bird movement were seen at dawn (flying east) and dusk (flying west).
Visual observations recorded these movements as comprising over 80% of mixed gull species,
the majority of which were seen within 1km offshore. In both years, nocturnal migration was
evident, peaking between 22:00 and 04:00. The short range of detection achieved at night
indicates these birds were passerines (being smaller they are harder to detect). In 2005, more
bird movements were observed during the day than at night, whereas in 2004, 50.9% of
movements were recorded at night, and 49.1% during the day. Annual variation has been
observed elsewhere; for example, at Horns Rev, nocturnal migration was greater than diurnal in
2003, but in 2004 the tracks were recorded almost equally day and night (Christensen et al.
2004, Christensen & Hounisen 2005).

In 2005, flight heights of birds were categorised into bands from 0 to 3000 m. Whilst not directly
comparable to the height bands used for boat-based surveys, the results could be grouped into
0-20 m (approx. 8.5% of all observations); 20-100m (approx. 7%); 100-250 m (approx. 17%); and
> 250 m (approx. 67.5%) (Parnell et al. 2004 & 2005). There were no subdivisions of height in
the band 100-250 m, so it is not known what proportion of birds detected at this height would be
flying within the potential strike zone of the turbines (20—120 m), although it is likely that he bulk
of bird movements were well above potential turbine height.

The radar surveys were supported by visual observations carried out from the same location,
during daylight hours when the radar was in operation. In 2004, 7,223 birds of 35 species were
recorded, dominated by Pink-footed Goose (4,900 ind. — 67.8%) and Black-headed Gull Larus
ridibundus (1,224 ind. — 17%). In 2005, 19,827 ind. of 52 species were observed, dominated by
seabirds (83.6% of observations). Gulls contributed 80.5%, driven by a large number of Black-
headed Gulls (12,213 ind. — 61.5%). The next most abundant group was waterfowl, accounting
for only 13.8% of observations, of which Pink-footed geese dominated (2,473 ind. — 12.5% of all
individuals). Notably, only 96 (1.8% of all birds) Black-headed Gulls were recorded in boat-based
surveys within the study area.

8.3.2 Species/Groups of potential concern
8.3.2.1 Key species recorded in boat-based surveys

Boat-based surveys recorded a number of notable species within the study area, which fall into
certain categories of conservation importance, based on calculated threshold population level
(see 8.2.5.1 above). These included two species with nationally important populations on at least
one occasion, and five species of regional importance. The former group comprised Little Gull
and Razorbill and the latter group comprised Common and Sandwich Tern, Gannet, Guillemot
and Lesser Black-backed Gull.

When sensitivity matrix analysis (see Table 8.3 above) is applied to assess the significance level
of impacts of the proposed development, Common and Sandwich Tern are classified as very
high sensitivity whereas Little Gull and Razorbill are defined as high sensitivity and Guillemot,
Gannet and Lesser Black-backed Gull are defined as medium sensitivity. Further detailed
analysis of these species, population size, activity on the site and significance of impacts is
carried out in sections 8.3, 8.3.6.1 and 8.5 below. The key species are summarized in Table 8.8.
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Table 8.8 Key species recorded in boat-based surveys.

Species Apparent conservation Sensitivity
importance (see text

Sandwich Tern Regional Very high
Common Tern Regional Very high
Razorbill Regional/National High
Guillemot Regional Medium
Gannet Regional Medium
Little Gull Regional/National High
Lesser Black-backed Gull Regional Medium

The fact that tern and auk species were classified as being of very high and high sensitivity
complies with the key concerns raised in the Scoping report, with the possibility of reduced
productivity of internationally important tern colonies due to disturbance of feeding areas, and the
possible disturbance of post breeding auks.

8.3.2.2 Other species recorded in boat-based surveys
Breeding seabirds

Fulmars reached a peak estimated population of 85 ind. within the boat survey area in late May
2004. The local breeding population comprises 74 pairs with additional non-breeding birds
present in the area throughout the year (NNNS, 2004). Whilst the proportion of birds seen within
the study area clearly exceeds the 1% threshold for local or even regional importance (2 ind. and
3 ind. respectively), this pales into insignificance on a national basis where the 1% threshold lies
at 10,120 ind. The breeding birds around the Wash are not a significant constituent of the UK
breeding population.

Post-breeding seabirds

Common Scoter were identified in the Scoping Report as being of particular relevance to the
proposed Sheringham Shoal site. However, there were only four records of this species during
the survey period, and never in numbers that reached even local importance levels (1%
threshold = 95 ind. based on maximum local counts, NNNS 2004). Two records on consecutive
surveys in July 2005, of 41 ind. in total, are most probably of immature birds that are known to
spend the summer off the Norfolk coast (Taylor et al. 1999). They generally favour areas to the
western side of the Wash, and all 41 ind. were flying either S (4 ind.), SW (4ind.) or W (33 ind.),
and hence none of these birds were using the boat survey area as a moulting site. The two
separate records of 15 ind. in each of August and September 2004 are likely to be post-breeding
birds returning to the Wash area from Scandinavian breeding grounds. Of these, all were
recorded flying, 16 ind. west and 14 ind. south, and again not using the study area for post-
breeding moult. A small group of six ind. (two males and four females) was seen flying west in
November 2005, presumably towards the areas known to support over-wintering flocks (e.g.
Holkham Bay, Scolt Head, and Titchwell). Overall, there is no evidence that the over-wintering
population of Common Scoter in the Wash (NNNS 2004) regularly use or even cross the
proposed site.

A total of five Eider were recorded within the boat survey area, and as all were observed in flight,
there was no evidence of this species using the study area for post-breeding moult.

Migrant seabirds
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A number of migrant seabirds were recorded in the boat-based surveys in small numbers,
occasionally in locally notable numbers. One Arctic Tern was recorded in September 2004, three
Sooty Shearwaters in August and September 2005, three Storm Petrels in September 2004 and
November 2005 and a single Leach’s Petrel in August 2005. A total of 30 Puffins were seen,
most over-wintering in the area, and a single Little Auk was observed in late January 2005.

All four Skua species regularly seen in the UK were recorded in the study area. Arctic Skua was
the most numerous with 37 individuals recorded in total, with a peak of 10 ind. in July 2004, in
line with observations for July from the north Norfolk coast (e.g. 10 at Sheringham 8™ July 2004,
NNNS 2004). Nineteen Great Skuas were seen in total, generally between July and November,
and single records of Pomarine and Long-tailed Skua were made.

A single observation of one unaged Mediterranean Gull on the additional Sheringham Shoal
control transect on 28" July 2005 could constitute an immature and scarce migrant bird, or one
of the few breeding adult birds (6 pairs in 2004, NNNS 2004) from the breeding sites on the
Norfolk coast.

Migrant passerines and land birds

During the 29 boat-based surveys a total of 285 individuals of 21 species of land birds were
identified with an additional four unidentified passerines and 13 Thrush spp. Of these, the only
species with maximum counts >20 ind. were Swift and Starling. The Swift peak, in late June
2004 (49 ind.) is likely to consist of individuals that are breeding on the coast, and foraging over
the boat survey area, on a broad NW-W-SW flight line.

The majority of Starlings recorded (96%) were flying in a southerly direction (35% flying
southwest) in November 2004 and October 2005. This is consistent with protracted autumn
passage, when large numbers are seen west along the north Norfolk coast (e.g. 2,200 at
Sheringham October 2004) and south at Hunstanton (e.g. 6,133 in October 2004, NNNS 2004).
The maximum estimated population in the boat survey area for this species was 89 ind. which is
insignificant in the context of these large scale protracted passage movements, or even when
taken into context with the number of movements observed by radar tracking (see 8.3.2.2 below).

One unusual observation of a land bird was made when two Crossbills (Loxia curvirostra) landed
on board the survey vessel on July 4™ 2005, both in intermediate plumage. Whilst scarce, it is not
unusual for small numbers of Crossbill to be seen coming in off the sea at Sheringham (e.g. 5 on
both 1% and 8™ July 2004, NNNS 2004). It is likely that the two individuals were immigrating
immature birds from breeding grounds to the north, as there were no confirmed breeding birds in
Norfolk in that year (NNNS 2004).

Migrant waterbirds and waders

Small numbers of migrant waders and other waterbirds were observed through the survey
period. Pink-footed Geese were notable by their complete absence within the study and it would
appear that the large over-wintering population in north Norfolk do not routinely cross the
proposed wind farm site. This is corroborated by the radar surveys, which show far greater
numbers of Pink-footed geese in inshore waters, the majority flying parallel to the coastline. Only
very small numbers of migrant ducks were recorded, including unidentified ducks (total 55 ind. all
in flight) and one adult male Pintail Anas acuta in March 2005, flying north.

A total of 26 individual waders were recorded over all surveys, the only notable count of 11
Lapwing on July 4™ 2005, 10 of which were flying SW within the potential strike zone of the
turbines (20-120 m above sea surface). Lapwing are considered to be highly manoeuvrable and
not at risk from collision with structures such as turbines.

The lack of numbers of waders and waterbirds crossing the boat survey area suggest that the
proposed site is not part of an important migration route for these species. This must be taken
into context with radar observations, which show far more movements than visual observations

May 2006 Scira Offshore Energy Ltd. Page 197 of 722



will record. For example, in 2004, 7,223 visual records of birds made were in daylight from
Weybourne, when 14,250 radar tracks were recorded in the same period (Parnell et al. 2004).
However, even if the observations of migrating waders and waterbirds are subject to this scaling,
the study area does still not appear an important flyway for these migrating species.

Wintering seabirds

The only diver species recorded within the study area on boat-based surveys was Red-throated
Diver, and this only in low numbers with a maximum peak population estimate of only 6 ind. This
is very low compared with the maximum estimated population of divers in aerial surveys (the
majority of which will be Red-throated) of almost 1,400 wintering in the Greater Wash (resulting
in a regionally important population of 14 ind. at peak). A maximum of 114 in the GW5 area were
recorded in aerial surveys. Indeed, although only around 80-100 birds are thought to over-winter
in the Wash (Brown & Grice 2005), monthly day counts in excess of 120 are regularly made from
the north Norfolk coast between November and March (NNNS 2004), suggesting some
movement throughout the winter period. Whilst the peak population estimate for the proposed
site may confer local importance, it does not reach the threshold of regional importance in the
context of the wider Wash, based on the numbers observed during the aerial surveys.
Additionally, the aerial surveys showed concentrations of divers in two main areas to the west of
the Wind farm study area: 1) a zone north of the consented Lynn & Inner Dowsing site and 2) the
coastal waters offshore from Scolt Head and Blakeney. The aerial surveys actually recorded no
divers within the wind farm site itself.

8.3.2.3 Species/groups recorded in radar studies
Pink-footed Geese

During both radar surveys, large numbers of Pink-footed Geese were seen. In 2004, 4900 ind.
were recorded, of which 2,500 (51%) were flying east, 1,550 (32%) west, 700 (14%) north and
150 (3%) south, all at a height of 120m, and within 5.6km of the shore. Following a similar trend,
in 2005, of the 2473 ind. seen, 44% (1,093 ind.) were flying east, 30% (640 ind.) west and 26%
(640 ind.) south. In 2005, the mean flight height was 72 m (max = 200 m, min = 50m).

Over-wintering Pink-footed Geese are a qualifying species of the both the Wash SPA (with
33,265 individuals representing at least 14.8% of the wintering Eastern Greenland/Iceland/UK
population) and the North Norfolk SPA (where 23,802 individuals represent at least 10.6% of the
same population www.jncc.gov.uk). The counts on which these designations are based (5 year
mean peak from 1991/2 to 1995/6) are now rather outdated as recent coordinated counts in 2004
for three major North Norfolk roosts totalled >137,000 individuals in December (Norfolk Bird &
Mammal Report 2004).

It would appear that there has been a massive increase in the Pink-footed Goose population in
Norfolk in the last few decades. This may account for the discrepancy in the numbers of birds
seen in radar studies and the status of Pink-footed Geese in The Birds of Sheringham (Taylor
1987). The author comments that “/Pink-footed goose] is an irreqular passage migrant recorded
in small numbers. The majority of records have involved small parties flying along the coast
between December and March)” and gives the maximum count (from Sheringham) in 1965 as
200 ind. flying west. However, the numbers observed visually through the radar surveys are
comparable with recent observations of movements along the North Norfolk coast, as birds move
from roosting areas to feeding sites. For example, almost daily movements of birds between the
populations in the northwest and east of Norfolk are seen, peaking at 5,200 birds flying east at
Sheringham in October 2004.

Although the migration routes taken by Pink-footed Geese are not completely understood, birds
from Iceland and Greenland arrive in the UK in early or mid-September, with numbers increasing
up to mid-October. Some birds head straight to North Norfolk, whereas ringing recoveries
indicate others land further north in Lancashire, dispersing to eastern England in mid-winter

Page 198 of 722 Environmental Impact Assessment



(Wernham et al. 2002). Both direct routes from Iceland or staging posts within Britain would not
be expected to cross the Sheringham Shoal proposed wind farm.

The general direction of Pink-footed geese observed would suggest that birds seen are
undertaking movements between roosts, or to and from feeding areas, and the vast majority of
birds are flying along the coast, presumably using it as a reference. Again, there is no suggestion
that the birds would have cause to cross the proposed wind farm area. Even the birds on
southward flight paths are likely to be flying inland to feeding sites away from the north Norfolk
coast, such as the Heigham Holmes area of the Upper Thurne where 6,000 were recorded in
November 2004 (NNNS 2004). Alternatively they may have been heading towards the roost at
Horsey Mere, where large numbers are present, and 9,256 were recorded in November 2004
(NNNS 2004). With such large numbers of birds present in the Norfolk area throughout the winter
period, and the highly mobile nature of this species, (e.g. regularly switching roost sites —
Wernham et al. 2002 foraging up to 10 km from the roost site — Vickery & Gill 1999) it is not
surprising that large flocks were seen from shore based observations at Sheringham. Such
numbers were not recorded during the boat-based or aerial surveys, suggesting that this species
is very unlikely to occur offshore, but far more likely to be restricted to the inshore waters and
across land.

Brent Geese

Brent Geese were only observed during the programme of radar observations in small numbers
— 16 ind. in 2004, all flying east at a mean altitude of 48.2 m (max 150 m, min 1 m), with 53 ind.
in 2005, all flying west. As only 5 ind. were seen in the study area on boat-based surveys, there
is no evidence that their migration route crosses the proposed wind farm, and it is likely that
Brent Geese, in a similar pattern to Pink-footed Geese move in more inshore waters, using the
coast for guidance, and do not pass through the proposed site.

Seaduck

Very low numbers of seaduck were seen from shore based observations, in close agreement
with the small number seen in boat-based surveys (8.3.3.1 above). Two Eider were seen in
2004, flying west at 750 m from the shore and at a height of 20 m, with none recorded in 2005.
Twenty-two Common Scoter were recorded in 2004 (7 flying east and 15 west) with this pattern
repeated in 2005 with 49 in total (9 east and 40 west). Only one Velvet Scoter was recorded
during the radar surveys in 2005, flying west at 1m.

Divers

The only diver species to be recorded from shore was Red-throated Diver, with a total of seven
observations in 2004 (six flying east and one flying west), all below 20 m above the sea surface,
and 22 birds over 18 separate occasions in 2005 (12 flying east, nine west and one south), again
all below 20 m above sea surface.
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Terns

As to be expected, more terns were recorded in the 2005 surveys as they were conducted one
month earlier than those of 2004. A total of 162 Sandwich Terns were recorded in 2005, in a
period when the boat-based surveys recorded no terns the study area. The terns observed were
predominantly flying east (75%), indicative of autumn passage birds following the shore. Only 4
Sandwich Terns were seen in 2004. Common Terns were not recorded in 2004, and only 3 ind.
seen in 2005, suggesting that the passage of Common Tern had already occurred by the time
these surveys were undertaken as on boat-based surveys (8.3.2.1 above). No Roseate or Little
Tern were recorded.

Auks

A total of 52 unidentified auks were seen in 2004, all flying east (60%) or west (40%) and more
than 1 km from the shore. Guillemot were the only auk species recorded in 2005, with 4 flying
west very close to the sea surface.

Waders

Very few waders were recorded in either period of surveying, with a total count of 29 ind. in 2004
and 111 in 2005, and again the majority were flying east (2004-55%, 2005-4.5%) or west
(2004-34%, 2005-63%). In 2005, a total of 30 (27%) unidentified waders were recorded flying
north. Low numbers of birds tends to confirm the pattern recorded in boat-based surveys and
there is no evidence that the Sheringham Shoal site lies on a major migration route.

Passerines

The majority of night time movements in both series of surveys were attributed to passerines,
although the visual observations during the day did not detect such a high level of passage. This
is perhaps due to difficulties in observing small birds at altitude, and the impossibility of visual
observation in darkness. As detected by the radar, passerine migration occurs along the north
Norfolk coast in a broad front (5-6km), generally in pulses, moving both westwards along the
coast and southwards over land. In 2005, the additional information gained from the X-band
radar showed that peak bird movements were consistently at altitudes of approximately 100-
1000m, highly suggestive of migratory movement as opposed to commuting flights. This in turn
would suggest that the majority of the bird movements are at an altitude that will not be affected
by the proposed site, even if the migratory flight paths cross it from Europe. However, the effect
of poor weather on migratory passerines may mean that they are forced to fly at lower altitude.
This phenomenon was not seen during these radar surveys.

8.3.3 Species of very high sensitivity
8.3.3.1 Sandwich Tern
Status

The global population of Sandwich Tern is estimated to be 160,000-170,000 pairs with a
European population of some 69,000-79,000 pairs (Mitchell et al. 2004), contributing >50% of
the total. With a recent moderate decline in the European population, Sandwich Tern has been
evaluated as Depleted and afforded SPEC 2 status' (BirdLife International 2004). It is thus of
conservation concern in a European context.

The 12,000 pairs in the UK form an important part (15-17%) of the European population. These
birds are divided between a few large colonies, the most important of which is Scolt Head (4,200

13 In Birdlife International (2004), each of the 524 species assessed is assigned to one of five categories,
indicating the conservation status of populations at European level.

SPEC 2: species not of global conservation concern but whose status is unfavourable in Europe in which their
population or range is concentrated.
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pairs in 2000—Mitchell et al. 2004) in Norfolk, which interchanges with the nearby Blakeney Point
colony, which has supported from 75 to 4,000 pairs in recent years (Brown & Grice 2005). The
Scolt Head/Blakeney colonies support at least 24.7% (5 year mean for 1994—1998) of the British
breeding population and 5-6% of the European breeding population. Sandwich Tern is thus one
of a number of qualifying species for the North Norfolk Coast SPA (www.jncc.gov.uk). See Figure
8.4 for the location of the breeding colonies.

As a result of small biogeographical population size and high European threat and conservation
status Sandwich Tern is perceived to be relatively vulnerable to the impacts of offshore wind
farms, scoring highly (ranked 4" of 26 species assessed) (i.e. more vulnerable) in a recent
sensitivity assessment (Garthe & Hiippop 2004).

Temporal and spatial use of the study area

In the study area, Sandwich Terns were ubiquitous in surveys between April-September 2004
and April-August 2005 coincident with their presence at the North Norfolk breeding colonies. In
2004, a noticeable peak in numbers was recorded in late May. In 2005, although the highest
numbers and densities were achieved in May, a larger number of birds were more consistently
recorded, especially in late June and into early July (Appendix 8.2). This inter-annual difference
in the use of the study area was conceivably linked to the breeding success of the birds. At the
closer Blakeney colony in 2004, few chicks (c.300) were ultimately raised, meaning many adults
had no requirement to feed chicks. In contrast, in 2005, three times as many more (¢.900) chicks
fledged (D. Wood, National Trust, pers. comm.) and thus many more adults were actively
foraging in the chick-rearing period throughout June and into July. The use of the wind farm and
surrounds may therefore be expected to vary between years.
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Figure 8.3 Temporal and spatial overview of all boat-based survey records of Sandwich Terns.
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Fewer birds were encountered in the proposed site and buffer area than in the control area to the
east (Figure 8.3) which is reflected in the lower density estimates in the site and buffer
(0.3 ind. km?, 27 ind.) compared to the boat survey area as a whole (0.72 ind. km?, 89 ind.),
ultimately meaning the numbers of birds present surpassed the 1% regional population criterion
in the boat survey area, but not in the site and buffer itself.

Of the 616 birds in the boat survey area for which the flight direction was recorded, the majority
were travelling along a NE (27%)/E (16%) and SW (16%) axis, strongly suggesting movement
through the site away from, and back to, the colonies. The fact that a relatively small proportion
of birds were recorded as feeding (by diving) (3.5%-records from 2005 only) suggests the study
area is not a particularly productive fishing ground. Indeed, there is only one record of a tern
catching a fish on the site. The fact that half (50%) of feeding observations were recorded on just
two occasions in late June and early July 2005 at the end of the chick rearing period, coupled
with <1% of birds carrying prey to waiting chicks, reinforces the suggestion that the boat survey
does not routinely support an exploitable prey supply in the breeding period.

It appears from the limited data available that the Sheringham Shoal itself, some 5km to the
south of the study area offers more suitable foraging habitat for Sandwich Terns than the study
area itself. First, a relatively high number of birds were recorded, resulting in a much higher
encounter rate (maximum of 42 birds = 8.4 ind. km™") than the boat survey area (maximum of 125
birds = 1.4 ind. km™). The magnitude of this difference was not entirely reflected in density
estimates, as by chance, relatively few birds appeared in snapshots, although density estimates
were still higher (maximum of 2.0 ind. km™). Second, a greater proportion of birds were recorded
as fishing (13%), with a higher, but still low proportion (2%) of birds carrying prey. In contrast to
the main study area, the majority of birds were flying SW (37%) and potentially returning to the
colonies, although the main axis of flight was very similar with the bulk of the rest of the birds
flying E (23%) and N (20%).

Plate 8.2: Sandwich Tern with sandeel, rarely seen at the study area. © Martin Perrow, ECON.
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Whereas aerial surveys provide a reasonable indication of the likely range of foraging birds, any
assessment of the relative use and importance of one area compared to another is fraught with
difficulty as a result of the low frequency of observations. Some areas may also only be utilised
as certain times (e.g. season, state of breeding attempt, time of day and state of tide) according
to the availability of their fish prey. Sandwich Terns are likely to use rapid flight (40 km hour™ -
Christensen & Hounisen 2005) and wide-ranging behaviour to exploit resources limited in space
and time. Thus, it may be difficult to detect even important sites for birds where use may be
restricted to very short periods of time, even where this occurs with reasonable frequency.

Nonetheless, aerial surveys do appear to detect a reasonable proportion of the Sandwich Terns
likely to be foraging at sea, assuming that 90% of unidentified terns are Sandwich Terns as
corresponding to the proportion of Sandwich Terns at the breeding colonies (3,650 pairs of
Sandwich Terns cf. 390 pairs of Common Terns). To illustrate, in May 2005, assuming one bird
of a pair is tied to the nest, the estimated total of 1,553 Sandwich Terns represents 42% of the
birds expected. In June, 1,452 birds represented 40% of the expected population (assuming both
parents are not foraging simultaneously). The proportion of birds encountered is thus relatively
high given that neither inshore waters (recording was stopped and the plane turned round 1-2
km from the coast) nor the inner Wash to the east (as a result of MOD restrictions) containing
potentially more important foraging areas such as Sunk Sands were surveyed. Both the previous
work of Allcorn et al. (2003) and anecdotal information in Taylor et al. (1999) suggests these
areas may contain a high proportion of Sandwich terns from the colonies.

Detection of a moderate proportion of birds improves confidence in the patterns of distribution
revealed by aerial surveys, which suggest that the Sheringham Shoal area is relatively
unimportant (Figure 8.4) within the GW5 survey block, which is also not favoured over the other
similar-sized survey blocks (Table 8.9). In general, it appears that Sandwich Terns may be
encountered virtually anywhere to the east of the main channel of the Wash (Lynn Deeps) to the
limit of the aerial surveys (around 60km from the colonies), with possible centres of activity near
the colonies, a SW-NE line along Lynn Deeps from Hunstanton to Triton Knoll and in the NE
corner of GW5 at Dudgeon Shoal.

In support of the relative lack of use of the proposed wind farm site, the density and consequent
population estimates of birds recorded in the study area during boat surveys were relatively low
(maximum of 0.72 ind km? and 88 individuals) compared to previous estimates of >11.7 ind. km
for the North Norfolk coast, 9.7 ind. km2 for the Farne Islands and >5 ind. km™ for Voordelta
(Netherlands), Scharhérn and Norderoog (Germany/Denmark) and Hirsholmene, all outlined as
important areas for Sandwich Tern in the breeding season (April/May) (Skov et al. 1995). At
peak, the maximum density recorded in the study area was more similar to that for the South and
East North Sea in June (0.25 ind. km™) reported by Stone et al. (1995), which may be seen as a
general ‘background’ value.
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Table 8.9 Extrapolated population sizes of terns in the aerial survey blocks covering the tern breeding
colonies on the North Norfolk Coast in the breeding season. During May and June it was assumed that 90%
of unidentified terns were Sandwich terns (see text).

Species Survey Block
GW4
T6 4 T6 T7 T5 T6 T7
June  Jul/Aug Jul/Aug  May June | Jul/Aug

Sandwich tern 42 125 113 42 165 9 8 190 0
Common tern 16 12 167 76 35 295 46 45 158
Tern spp. 433 217 227 477 469 185 691 394 65
Total 491 354 507 595 669 489 745 819 223

8.3.3.2 Common Tern
Status

The global breeding population of Common Tern is thought to be 460,000-620,000 pairs,
although this is likely to be an underestimate as many Asian birds have not been censussed
(Mitchell et al. 2004). Some 270,000-570,000 pairs breed in Europe, accounting for >50% of the
global population in <50% of the global breeding range. The Non-SPEC population is regarded
as Secure (BirdLife International 2004). With around 10,000 pairs, Britain supports 3-4.5% of the
European population and 1.6-2.2% of the World population (Mitchell et al. 2004).

Despite supporting a considerable proportion of the European population, with colonies
vulnerable to events such as predation, disturbance and food shortage, Common Tern is not of
conservation concern in the UK. Contrary to this, it is included as a qualifying species in the
North Norfolk Coast SPA, supporting at least 3.7% (460 pairs - 1996 count) of the British
breeding population (www.jncc.gov.uk).

Temporal and spatial use of the study area

Common Terns were consistently recorded from May-September in the study area in both years.
The numbers of birds were generally so small (1-15 ind.) to mean density estimates could often
(79% of occasions) not be calculated and if so, were very low (<0.03 ind. km™). This suggests
very limited use of the site during the breeding season of the small (390 pairs in 2005 — D. Wood,
M. Rooney pers comm.) breeding population at Blakeney Point and Scolt Head.

An estimated peak population of 95 birds (191 birds were actually seen™ contributing 78% of all
records — see Figure 8.5) in the boat survey area (0.77 ind. km) in mid-August 2005 was clearly
exceptional and is indicative of post breeding dispersal. It seems unlikely that the birds seen at
this time originate entirely from the Scolt Head and Blakeney breeding population as this would
represent some 25% of adult population and 27% of the juveniles fledged (3 juveniles seen cf. 11
fledged from Scolt and Blakeney in 2005 (D. Wood, M. Rooney pers comm.). It seems more
likely that many of the Common Terns seen at this time were birds on passage from coastal
colonies further North such as the large colony on Coquet Island in Northumberland, or even
perhaps inland breeding birds. Further indication that there were birds on passage was the
occurrence of the maijority (64%) of birds in groups/flocks (3-23 ind.). Moreover, 14% of birds

" The discrepancy between the estimated population and the numbers of birds observed may be
explained by the chance lack of flocks in snapshots as well as circling birds being recorded on several
occasions during the survey but not in snapshots.
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were recorded on the water, 93% of which were within two flocks of 10 and 15 ind. Of the 86% of
flying birds, the majority had no clear direction (48%), indicating a lack of dedicated passage, but
a more casual dispersal, with some birds resting on the surface.

Birds were not recorded on the surface at any other time and thus overall, 88% of birds were
recorded in flight. The great majority of these, 84%, were recorded at <20m above sea surface
and below the height of the prospective turbines, with 16% between 20-120m, within the potential
strike zone.

Overall, the large numbers of birds in the mid-August 2005 survey, influence the patterns of flight
direction with 39% of birds recorded circling. This apart, the prevailing flight directions were NE
(28%) in the direction of Dudgeon Shoal, and E (11%), and thus consistent with the pattern
displayed by Sandwich Terns (see 8.3.3.1 above). Also, similar to Sandwich Terns, was the
small proportion (6%) of birds seen actively feeding (13 ind.) or carrying fish (1 ind.). The final
shared feature with Sandwich Terns was the tendency of Common Terns to occur in the control
rather than the proposed site (Figure 8.6). This was not the case in mid-August 2005 however,
with a relatively high density (0.57 ind. km™) of Common terns within the site and buffer.
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Figure 8.5 Temporal and spatial overview of all boat-based survey records of Common Terns.
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Relative importance of the study area and site

As to be expected from a small breeding population, the aerial surveys in May and June 2005
detected relatively few birds at sea (138 and 92 birds respectively in GW3, GW4 and GW5
combined’® — Table 8.9). However, as with Sandwich Terns (see 8.3.3.1 above) it appears that a
relatively large proportion of the expected population (not accounting for non-breeders or inland
breeders foraging at sea) were recorded (35% in May and 24% in June), thereby increasing
confidence in the interpretation of the patterns of relative use. In May/June most birds were
recorded within 15 km of the colonies at Scolt Head and Blakeney although odd birds were
recorded to around 50 km towards Triton Knoll to the N and Dudgeon Shoal to the NE (Figure
8.6). The greater predilection for more inshore waters than Sandwich terns is shown by the
preference for GW4 and GW5 compared to GW3 (Table 8.9) and is in agreement with the typical
foraging range (Allcorn et al 2003). In the July/August survey there is a dichotomy between birds
near the colonies and birds far out to sea (Figure 8.7) although it is perhaps too simple to divide
between breeding and passage birds respectively.

Plate 8.3: Common Tern. © Martin Perrow, ECON.

" hot incorporating the small proportion of Common terns likely to be contained within the ‘“Tern spp.’
category
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Late summer assemblies of birds on passage near the colonies are not unknown and indeed up
to 5,000 birds were recorded annually at Scolt Head in the 1950’s (Taylor et al. 1999). Whilst
these events appear to be a thing of the past, in excess of 500 birds to a maximum of 1,150 were
recorded from coastal watch points in the 1990’s, and more recently 350 individuals were
recorded flying east at Sheringham on 12" August 2004 with a further 340 individuals the
following evening (NNNS 2004).

Movements of Common Terns through Norfolk waters of this scale are not unexpected given the
presence of >2,500 pairs in large coastal colonies to the north in the UK, which may follow the
east coast through the Wash on southward autumn passage to wintering grounds in West and
South Africa. There is clearly a mismatch between the numbers potentially present and regional
population estimates. For example, the aerial survey in July/August 2005 estimated only 620 ind.
in GW3, 4 and 5 combined. In this, there were fewer birds in GW5 than the other areas and an
almost complete absence of birds in the wind farm study area itself (Figure 8.7), and yet a
population of 95 ind. was recorded in the boat-based survey in the same period. As in the case of
Little Gull (see 8.3.4.1 below), Common Terns on southward autumn passage through the Wash
may do so on a broad front, with some evidence of a preference for the inshore waters of GW4
as well as far out to sea (Table 8.9, Figure 8.7). Movement is also likely to be relatively rapid with
mobile flocks travelling through the area. Whilst movement through the Wash implies that many
birds will cross GW5, there is no suggestion that the study area or the wind farm will be preferred
compared to any other.

The passage of Common Terns is also likely to vary in intensity between years with peak August
daily counts from the north Norfolk coast of 1,950 west at Scolt Head (2001), 385 west at Scolt
Head (2002), none of note in August 2003 and 350 east at Sheringham (2004) (from NNNS 2001
— 2004).This is mirrored by the large difference in numbers of Common Terns in the survey area
in August with just 8 ind. recorded in 2004 cf. 191 in 2005. Without further information it is difficult
to judge whether the number of birds present on the study area on passage in 2005 was
exceptional. However, even assuming the worst-case scenario that it was, the density and
numbers of birds involved are not particularly high. For example, despite suffering from an
underestimate of just 7,500 ind. in the entire North Sea in July-September, Skov et al. (1995)
recorded densities to 2.75 ind. km™ involving 2,500 birds in the Voordelta and 0.74 ind. km™
involving 2,300 birds in the German Bight.

8.3.4 Species of High Sensitivity
8.3.4.1 Little Gull

The global population of Little Gull is thought to be 101,000-212,000 individuals (Wetlands
International 2002), with 24,000-58,000 breeding pairs in Europe, which constitutes less than
half of its global breeding range (BirdLife International 2004). The European breeding range of
Little Gull has recently shifted westwards and the bulk of the breeding population (to 20,000
pairs) now resides in Finland. It is thought that recovery from the previous moderate decline has
not been achieved and Little Gull is classed as Depleted (SPEC 3) and of conservation concern
in a European context (BirdLife International 2004).
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European Little Gulls winter as far south as the western Mediterranean and West Africa, with
11,000 remaining in European waters, including the North Sea where they are concentrated
around Dutch, Belgian, German and Danish coasts (Skov et al. 1995). A few (150-350 ind.)
remain in British waters (Brown & Grice 2005). Concomitant with the shift in breeding range Little
Gulls now appear to take a more westerly route on passage to wintering grounds. Thus, a large,
but unknown, number of birds cross the North Sea to follow the English East coast southwards.
Numbers recorded on passage have increased radically from the 1970’s onwards and especially
in recent years (Brown & Grice 2005). Whilst peak passage occurs in September/October, it is
protracted with birds undertaking feeding and roosting movements whilst undergoing complete
moult (Hartley 2004). Following moult, most birds continue migration. The cause of the shift in
migration pattern is unknown, although an increasing frequency of easterly winds in the passage
period and changes in the distribution of available food (small fish and invertebrates) in the North
Sea may be involved.

Temporal and spatial use of the study area

In boat-based surveys, Little Gulls were recorded between the end of July (2004 only) and early
December, with a distinct peak in both years in mid-October, coincident with passage. The few
birds lingering into early winter in boat surveys and late winter in aerial surveys (see Appendix
8.3) suggests some over-wintering in the Wash. Peak estimated population size in the study area
was remarkably consistent between years (160 ind. in 2004 and 112 ind. in 2005). Density
values reached 1.3 ind. km? and 1.16 ind. km™ in the boat survey area and wind farm (+buffer)
respectively.

Closer inspection of the behaviour of the birds in the study area reveals that only 46% of birds
were recorded flying, the rest sitting on the water surface as single birds or in small groups. Flight
direction was predominately eastwards (34%) followed by circling (32%). No feeding activity was
ever observed. There were no obvious features of the boat survey area to suggest that it is
especially suitable for resting and this behaviour is most likely to have been caused by local
conditions. To illustrate on the successive October surveys accounting for 94% of Little Gulls,
conditions were calm with light southerly/south-easterly winds. It may simply have been
energetically favourable for birds to break passage under such conditions.

As to be expected from birds on passage there is no obvious selection of any part of the study
area (Figure 8.8). Of the birds in flight, 89% were below turbine height (<20m above sea
surface), with just 11% at potential strike height (20-120m).
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Figure 8.8 Temporal and spatial overview of all boat-based survey records of Little Gulls.

Relative importance of the study area & site

At face value, the maximum density of birds present would seem to confer national importance.
For example, Skov et al. (1995) list the Tyne to North Yorkshire (1700 ind.—0.8 ind. km™) in the
UK and Blavandshuk (1000 ind. — 2.45 ind. km™), the Voordelta (2600 ind.—1.5 ind. km®) and the
Dutch coast (1700 ind.—0.41 ind. km™) on the Continent as being of international importance to
Little Gulls in the passage period. Applying the 1% criterion to the total population estimate of
9,000 birds by Skov et al. (1995) would confer international importance to the study area.

However, the apparent importance of any population depends on the availability of recent survey
data at the right time and it is clear that published estimates of the Little Gull population in the
North Sea and potentially British waters are just far too low, particularly as the status of the
species in UK waters has recently radically changed (see above). For example, Wetlands
International (2002) suggest 84,000 ind. are present in the European population. Even if just 50%
of these cross the North Sea to UK waters on passage, the 1% criterion would require >400 ind.
to be present. The UK day count record of 9,500 ind. made as recently as 11th September 2003
offshore of Spurn Point (Hartley 2004)'®, suggests many tens of thousands of Little Gulls may be
present in British waters. Unfortunately, no density estimate was available from this study,
although an encounter rate of 38.3 ind. km™ was obtained (i.e. much higher than the maximum
1.09 ind. km™ recorded in the boat survey area at Sheringham Shoal).

'® This count was made in relation to a further offshore development illustrating the importance of
such work
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The total estimated maximum population in the Greater Wash area from the aerial surveys was
2,032 ind. This is an underestimate as no attempt is made to tease the Little Gulls from the large
number of unidentified ‘Small Gull sp.” Moreover, the surveys were conducted outside the peak
passage period, with the closest in early November. Boat-based surveys within a few days of the
aerial survey and at the peak passage periods a few weeks earlier allow a calibration factor to be
calculated to estimate peak population in the Wash. Applying the 16-fold difference suggests the
Wash supports >32,000 Little Gulls during the peak passage period. This seems much more
realistic considering numbers seen at Spurn Head (see above) and in Norfolk Waters in recent
years such as the 2,687 past Mundesley on 7th November in 2000 (Brown & Grice 2005).
Further, in the Norfolk Bird & Mammal Reports in recent years (from 2001-2004) maxima at any
one site were 1,141 on Oct 21% 2001, 1,267 at Sheringham on Oct 16" 2002, 600 on Nov 1%
2003 (all at Sheringham) and 2,550 at Scratby on Oct 10" 2004. A large movement between Oct
7"-11"™ 2004 produced 10,236 records from several sites.

These figures suggest that far from being nationally important, the maximum number of Little
Gulls seen in the study area is not even of regional importance (1% being 320 ind.) or even local
significance, as many coastal areas watched from shore produce >100 Little Gulls in the peak
passage period. These records also require birds to be pushed closer to shore perhaps by
onshore winds. In fact, a much larger proportion of the population may be present far out to sea.
For example, the 330 Little Gulls (single birds and small groups to 4 ind.) in the first aerial
surveys early November 2004 occurred in a broad swathe across the Wash, with the majority of
birds around 30 km offshore (Figure 8.9). The next (mid-winter) survey in late November/early
December recorded fewer birds (95 ind.) further inshore in the Wash with a concentration around
the deep-water channel of Lynn Deeps (Figure 8.10).

On no aerial survey was GW5 important for Little Gulls (range 0-2% of records) compared to
GW3 (64% of records at T1, 78% at T3) and GW4 (60% at T2 and 100% at T4). Whilst Little
Gulls almost certainly have to cross GW5 to continue passage to the east or south, they may do
so close to shore (accounting for the records in the Norfolk Bird & Mammal Reports-see above)
especially in the presence of onshore winds. Indeed, Little Gulls were recorded in small numbers
in the visual component of the radar surveys, with 20 ind. in 2004 (75% flying west) between 25
and 7500 m offshore, and 32 ind. in 2005, all flying east close to shore.

Otherwise, birds may continue passage far out to sea and there is thus no evidence to suggest
that the study area is especially important for Little Gulls within the context of the wider Wash.
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8.3.4.2 Razorbill

Status

The global population of Razorbill is estimated to be 610,000-630,000 pairs, all of which breed in
the Northern Atlantic (Mitchell et al. 2004). Thus Europe contributes 75% of the species’ global
range. The Secure population of >430,000 pairs constitutes a favourable, Non-SPEC
conservation status in a European context (BirdLife International 2004). Britain supports 110,000
pairs of Razorbills; 18% of the global population and including 73% of the race islandica. Most
nest in Scotland, although significant colonies are also present in England; the largest of which is
Bempton Cliffs (between Speeton and Flamborough Head) with 8,539 pairs, around 8% of the
British total. After breeding, many islandica appear to stay in British waters, which Tasker et al.
(1987) estimated to be around 220,000 individuals. This may be much higher depending on
breeding success and the number of fledged juveniles present.

Temporal and spatial use of the study area

Razorbills were recorded in every month apart from August in the boat-based surveys. Small
numbers were present in spring and summer with a dramatic peak in autumn (mid October),
consistent with autumn passage (Figure 8.11). Thereafter, numbers reduced dramatically over
the winter period. There was a considerable inter-annual difference in the (distance sampling
corrected) estimated peak number of birds (1690 ind. in 2004 and 187 ind. in 2005). There is
some evidence that numbers in Norfolk’s waters were exceptionally high in 2004, with the
highest total of >3,000 seen in a day from shore at Sheringham amongst the highest recorded in
Norfolk (Taylor et al. 1999).

In autumn 2004, during the peak passage period, Razorbills appeared to favour the westernmost
edge of the study area, although in 2005 the birds were distributed evenly throughout. However,
since numbers were much lower in 2005 (300 auks in total compared to 564 in 2004), it is
impossible to know whether this is simply due to high levels of natural variability in distribution
within the population. At peak in 2004, the vast majority (93%) of birds were on the water
surface, apparently mostly resting. The very calm conditions may have caused the birds to break
passage. Of those in flight, 45% were flying in no particular direction and 39% were purposely
heading NE. In 2005, a much higher proportion of birds were in flight (51%) and heading almost
exclusively in an E (33%), SE (31%) or S (32%) direction. In flight, Razorbills were exclusively
recorded below potential turbine blade height. With a total lack of foraging observations,
dedicated use of the study area appears limited and movements across it appear unpredictable
and may be dependent on the prevailing wind.
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Figure 8.11  Temporal and spatial overview of all boat-based survey records of Razorbills.

Relative importance of the site

Immediately after breeding, c. 75% of the Razorbill population of the North Sea is thought to
aggregate in just three internationally important sites: Moray Firth, Aberdeen Bank and
Flamborough Head (Skov et al. 1995). After the adults moult, large numbers cross the North Sea
to spend the winter in the internationally important Skagerak and Kattegat, where they may
achieve enormous density (to 100 ind. km™) in favoured areas. Birds from other parts of the
North Atlantic, probably especially Iceland swell the numbers of wintering birds in the North Sea,
which may reach 440,000 ind.

In this study regional population estimates relied on calibration from:

¢ Known density of Razorbills in the wider western North Sea from Stone et al. (1995) applied
to the area of the Greater Wash (sampled in aerial surveys). The calculation also required an
estimate of the proportion of Razorbills (73%) amongst unidentified auks present, as derived
from current boat-based surveys in the Wash in October.

e Numbers of unidentified auks from aerial surveys conducted in November after peak autumn
passage. This used the proportion of Razorbills (47.8%) to other auks present in boat
surveys conducted at the same time.

The estimates were broadly similar, ranging from 11,406 ind. to 21,186 ind. In 2004 at least, this
suggests the Greater Wash contained up to 10% of the North Sea post-breeding population and
was thus of international importance. In fact, it may be that in exceptional years the Wash may
contain far more Razorbills and be even more important than this. The scope for this may be
illustrated by using the calculation of a scale factor from boat surveys conducted at peak
population in October and November at a number of sites in the Wash and applied to the
available aerial survey in November. The 11-fold decline in Razorbills from October to November
in boat surveys at a number of sites in the Wash, this suggests an incredible 121,000 ind. were
present at peak passage in October 2004. This is around 48% of the post-breeding British
population of 220,000 ind. estimated by Tasker et al. (1987). Markedly lower productivity [than
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the long-term mean] of Razorbills in 2004 (and 2003) (Mavor et al. 2005) would suggest relatively
few juveniles were present to inflate Tasker et al.’s population estimate.

Whilst 121,000 ind. in the Greater Wash may seem to be a considerable overestimate, it is
actually more in keeping with the large autumn passage movements seen from shore in some
years and the perception that the Wash contains large numbers of post-breeding auks despite
the previous lack of surveys. The peak day count of Razorbills in Norfolk waters is around 13,000
from Scolt Head on 2™ Oct 1997 (Taylor et al. 1999) and in 2004 on the 11™ October 2004,
1,000 ind./hr passed Salthouse in North Norfolk heading east with some of these perhaps
accounting with 250 ind./hr passing Eccles to the south. Intuitively, such birds are likely to
represent a fraction of the total in Norfolk waters occurring as they do within a small part of the
sea area within a couple of kms of the coast (although they may become concentrated by strong
onshore winds at times). The prevalence of auks offshore was shown by their selection for those
aerial survey blocks further offshore such as GW3 and GW5 throughout the winter (Table 8.10
below).

In GW3, there was some evidence of concentration of birds along the edge of the deep/shallow
interface around Triton Knoll to the north, whilst in GW5 auks aggregated around Dudgeon Shoal
in the north-east (Figure 8.12). At this time, both the aerial and the boat-based surveys showed
the study area contained few auks. Thus, although Razorbills amongst other auks on autumn
passage appear to show some selection for GW3 and GW5 containing the study area there is
little evidence to suggest that the study area itself is particularly attractive. Indeed, the use of the
latter appears to be extremely limited in space and time with large numbers occurring briefly
perhaps as birds head to Dudgeon Shoal, which appears to be particularly favoured

In October 2004, unusually large numbers on the site may have been linked to exceptionally
calm conditions, causing birds to break passage and rest on the surface. This conferred an
exceptionally high maximum density estimate in the boat survey area of 13.7 ind. km (12.5 ind.
km in the site), which is much higher than the 2.7 ind. km™ recorded by Stone et al. (1995) in
October in the western North Sea incorporating the Wash. Whilst the maximum density value
from the boat surveys is higher than all but one of the North Sea sites documented in Skov et al.
(1995) at the same time of year, it pales into insignificance with the 98.2 ind. km™ recorded for
Fornzes in the Northern Kattegat in Denmark, illustrating the potential for Razorbills to form
dense aggregations.

In conclusion, whilst the boat survey area supported numbers of Razorbills of regional,
approaching national, importance on one occasion, this is a reflection of the importance of the
wider Wash for post-breeding Razorbills and it seems the study area has no more potential than
any other area of similar size in the Greater Wash and particularly GW3 or other parts of GW5 to
accumulate such an aggregation. This is reinforced by the lack of specific use (no feeding
records) within the study area (see Appendix 8.2).
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Figure 8.12  The distribution of all auks observed during the 7 aerial surveys carried out between November
2004 and August 2005.
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Table 8.10 Estimated population sizes (derived using distance sampling correction factors) of auks in the
aerial survey blocks over the winter of 2004/5 and late summer 2005 (GW3, 4 & 5 only). Numbers of
Guillemots and Razorbills are estimated from the proportions of the two species present in boat-based
surveys from three different sites conducted in the Wash in equivalent time periods, and incorporating the
small number (35) of positively identified Guillemots in survey T7.

Survey Month Taxalspecies
Auks* Razorbill Guillemot
T1 Oct/Nov 3365 1609 1504
T2 Nov/Dec 1248 363 767
T3 Jan/Feb 2002 227 1653
T4 Feb/Mar 4960 596 3839
T1 Oct/Nov 5704 2727 2550
T2 Nov/Dec 4176 1214 2567
T3 Jan/Feb 1113 126 919
T4 Feb/Mar 996 120 771
T7 Jul/Aug 2148 3 2145
T1 Oct/Nov 4166 1991 1862
T2 Nov/Dec 2526 734 1553
T3 Jan/Feb 793 90 655
T4 Feb/Mar 353 42 273
T7 Jul/Aug 414 1 413
T1 Oct/Nov 10091 4824 4511
T2 Nov/Dec 1314 382 808
T3 Jan/Feb 772 87 637
T4 Feb/Mar 608 73 471
T7 Jul/Aug 816 1 815
T1 Oct/Nov 557 266 249
T2 Nov/Dec 1996 580 1227
T3 Jan/Feb 1411 160 1165
T4 Feb/Mar 778 93 602

* Auks includes Razorbill, Guillemot, Puffin and Little Auk.
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8.3.5 Species of Medium Sensitivity
8.3.5.1 Gannet
Status

The global breeding population of Gannet is thought to be 390,000 pairs (Mitchell et al. 2004),
with more than 75% of this population in Europe (Birdlife International 2004). This Non-SPECE "7
population has been increasing since the 1970s and is currently classified as Secure (Birdlife
International 2004). Gannets breed in a small number of sites in north-western Europe, and
Britain supports an exceptionally large proportion (259,311 pairs comprising 59%) of the world
population, concentrated at a small number (21) of breeding sites (Mitchell et al. 2004). The
largest of these and indeed the largest gannetry in the world, is St Kilda. The closest colony to
the Wind farm study area is Bempton Cliffs in North Yorkshire (2,552 pairs in 1998-2000), which
is also one of the fastest growing.

Temporal and spatial use of the study area

In boat-based surveys, Gannets were recorded in all months apart from March in both 2004 and
2005. Small numbers (<10 ind.) were present over the winter to spring (December to April/May)
period in keeping with the low numbers over-wintering in the Wash, illustrated by the total
estimated population of the Greater Wash of just 32 in the mid-winter aerial survey carried out in
late November and early December 2004. On this occasion, no Gannets were seen either on the
study site or in the greater GW5 survey block.

The low numbers of birds (total GW5 population estimate of 46 ind. in an aerial survey of May
2005) in the egg laying and early chick rearing season (March to July) suggests few adults reach
the Sheringham Shoal area from breeding colonies, despite their propensity for huge foraging
movements (up to 540 km—Hamer et al. 2000). Overall, adult birds comprised a low proportion
(30%) of the birds aged during this period (data from boat surveys from March to July from both
years) confirming that the bulk of the Gannets occurring in the study area were non-breeding
birds, typical of the pattern for the wider North Sea in summer (Skov et al. 1995).

The great majority of records were from the autumn passage period (July-October), with an
exceptional peak population estimate of 134 ind. in mid-July 2004 at a density of 1.09 ind. km™ in
the boat survey area (1.21 ind. km? in the site and buffer). This was >2 fold higher than any other
estimate in this period, the next being 59 ind. in mid-August 2005. The exceptional movement
included the largest number (13 ind.) of 1%-year birds from any survey suggesting (early)
dispersal from breeding colonies. The low number and thus proportion of 1% years in August
2005 (2 ind.) suggests inter-annual variation in the numbers of juveniles passing through the
study area.

Typical of the complex dispersal patterns of Gannets (Wernham et al. 2002), the flight direction
of birds was variable with birds recorded heading in all directions (as well as no particular
direction). However, during the autumn passage period in both years there was some evidence
of a south/south east trend with 26% heading south east and 14% heading south (data from boat
surveys carried out September-November in both years), although birds were also observed
flying in other directions. It is possible that some birds were spending time in the region, their
more localized movements obscuring the southward movements of birds taking a direct
migrational route.

R Species whose global populations are concentrated in Europe, but which have a Favourable
conservation status in Europe.
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The great majority (c.87%) of Gannets were recorded in flight, and of these just 10% were
recorded within the potential strike zone of the turbines (between 20-120m above sea surface)
with the majority (89.6%) below the height of the prospective turbine rotors. As to be expected
from birds at low height (as foraging is typically undertaken by birds climbing up to c. 40m -
Cramp et al. 1974) very little foraging activity was recorded, with only three individuals (0.6%)
engaged in feeding. With birds generally passing through the study area with little obvious
purpose, there was no apparent selection of the particular parts of the study area including
Sheringham Shoal by Gannets (see Figure 8.13).
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Figure 8.13  Temporal and spatial overview of all boat-based survey records of Gannets.

Relative importance of the study area

The apparent regional importance of the study area for Gannet (Table 8.8) hinges on the
available estimates of the regional population. As with the other species, these are derived from
a limited number of aerial surveys over the winter period 2004 and summer 2005 and the density
of birds in the wider western North Sea reported by Stone et al. (1995) multiplied by the area of
the Greater Wash. The former produced a total population of just 479 ind. in late summer 2005
compared to 5,740 ind. estimated from the extrapolation derived from Stone et al. (1995). The
former may simply suffer from a chance lack of movement on the day of survey and there is little
doubt that the latter figure is likely to be closer to reality.

This is part evidenced by the numbers of Gannets that may be seen from shore-based
observations in Norfolk waters. For example, in 2004, 738 ind. were recorded from Scolt Head on
September 23™ 2004 with 975 past Sheringham on 11™ October. Regular daily counts of >100
birds were made from a number of sites between April and November (Norfolk Bird & Mammal
Report 2004). Indeed, day counts of between 1,000-2,000 ind. of this ‘common passage migrant
are recorded annually from the Norfolk Coast in autumn (Taylor et al. 1999). This is despite the
suggestion from the aerial surveys that much of the passage of Gannets is likely to occur far out
to sea (>40 km) with the northern parts of GW3 (Triton Knoll) and GW5 (Dudgeon Shoal)
preferred, linking with coastal areas north of the Humber (Figure 8.14). Numbers of birds close to
shore may depend on the occurrence of strong onshore winds.
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The presence of several and even many thousand Gannets in the Wash at times is perhaps not
unexpected given the annual dispersal of over half a million breeding adults from British breeding
colonies (Mitchell et al. 2004), let alone large numbers of mobile non-breeding birds. Further, a
minimum (and now outdated) estimate of 150,340 ind. was calculated to be present in the North
Sea in the autumn passage period by Skov et al. (1995). A range of sites along the English east
coast supported densities >1 ind. km, such as North East Bank (2.08 ind. km®) and Barmade
Bank-Spurn (1.11 ind. km®) containing large numbers of birds (10,600 and 12,200 ind.
respectively). The estimated peak densities of 1.09 ind km™? and 0.61 ind. km? on the
Sheringham Shoal study site during autumn passage in 2004 and 2005 respectively are within
the typical range of what may be seen as ‘background’ values for the wider Western North Sea in
August (0.81 ind. km?) and September (0.82 ind. km™) (Stone et al. 1995). Overall, the peak
numbers recorded on the Sheringham Shoal study site do not appear exceptional or even
unusual compared to many other similar areas in the Wash.
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Figure 8.14  The distribution of all the Gannets observed during the 7 aerial surveys carried out between

November 2004 and August 2005.
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8.3.5.2 Lesser Black-backed Gull
Status

The global breeding population of Lesser Black-backed Gull is thought to be in excess of
750,000 individuals (Wetlands International 2002), with 300,000-350,000 breeding pairs in
Europe, which accounts for >75% of its breeding range (Birdlife International 2004). The overall
Non-SPECE population is classified as Secure (Birdlife International 2004).

Temporal and spatial use of the study area

In boat-based surveys, Lesser Black-backed Gulls were present on the site from May-November
2004 and April-October 2005. The absence over winter is entirely consistent with the
abandonment of the wider North Sea in this period, with movement to the waters of the English
Channel (Skov et al.1995) as well as inland, including within Norfolk (Taylor et al. 1999).

An exceptional peak population estimate of 72 ind. was recorded in late May 2005 at a density of
0.58 ind. km™? in the boat survey area (0.73 ind. km™ in the site and buffer). This was >2 fold
higher than any other estimate, the next being 31 ind. in early July 2005 (see Figure 8.15). A
single flock of 14 ind. in the May survey was partly responsible for the relatively high total. The
presence of a high proportion of adults (51% of aged birds) in this survey in the breeding season
is suggestive of breeding birds associated with the large colonies on the Outer Wash Trial Bank
or the smaller Gorleston/Yarmouth colony (160 pairs in 2003-Norfolk Bird & Mammal Report
2003). However, both of these colonies are 65km or more from the study area, which is likely to
be beyond typical foraging range, especially since birds were not recorded foraging in the study
area and many other suitable areas are likely to be present closer to the colonies. Moreover,
birds were not flying in the appropriate direction (at least for the Trial Bank) with most (17%)
flying in a south easterly direction. Whilst some of the birds may originate from the small
numbers of birds that may still breed in the Wells/Warham area and on Blakeney Point (Taylor et
al. 1999), most birds on the study area seems likely to have been passage migrants.
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Figure 8.15  Temporal and spatial overview of all boat-based survey records of Lesser Black-backed Gulls.
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Passage is known to peak in April or even May (Taylor et al. 1999) with most of the largest
counts in this period from Sheringham including 65 west on May 17" 2003 (Norfolk Bird &
Mammal Report 2003) and 75 west on April 12" 2004 (Norfolk Bird & Mammal Report 2004). It is
not clear where such birds come from or where they are heading to and may be part of a non-
breeding population complementing breeders at the known sites. Summer aggregations of birds
are known from coastal sites with for example, 1,800 at Lynn Point in August 2003 (NNNS 2003),
1,500 at Saddlebow in August 2004 (NNNS 2004), 1,573 in July 2003 (NNNS 2003) and 1,338 at
Eau Brink in July 1998 (Taylor et al. 1999).

In accordance with a mixture of passage and non-breeding summering birds, the flight directions
were variable, but with a general tendency for movement along a SE (24% of all records) or S
(17% records) and NW axis (17% records) i.e. to and from land. As to be anticipated from such
movement, there was no apparent selection of particular parts of the study area (Figure 8.16),
nor was there any evidence of specific use of the site (i.e. no feeding records). Birds were
generally recorded flying (88% of records) with a moderate proportion of these (26.5%) within the
potential strike zone of the turbines (20-120m above sea surface) although most (73.5%) were
recorded at height bands at <20 m above sea surface.
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Figure 8.16  The distribution of all the Lesser Black-backed Gulls observed during the 7 aerial surveys carried
out between November 2004 and August 2005.
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Relative importance of the study area

As with Gannet (see 8.3.5.1) amongst other species, the apparent regional importance of the
study area for Lesser Black-backed Gull is dependent on the available estimates of the regional
population. The density estimate in late spring from Stone et al. (1995) for the western North Sea
applied to the Wash suggests 560 ind., whilst summer aerial surveys produced a maximum of
just 22 ind. (partly as a result of the lack of separation of dark-backed gulls into relevant species).
Both are far lower than known to be present from the breeding population at the Outer Trial Bank
(i.e. 2,774 ind.). Although the latter value was used to represent the regional population, this
does not take non-breeding birds into account and is still likely to be a considerable
underestimate of the birds present in the Wash.

As a consequence, only a relatively small number of birds (28 ind.) is required to exceed the 1%
regional population threshold. Numbers exceeding this total are regularly recorded in Norfolk
coastal waters in the passage and summer period (see above). Indeed, any site close to
breeding grounds such as the Outer Trial Bank or Great Yarmouth/Gorleston (e.g. Scroby Sands
wind farm -Perrow et al. 2004) is also likely to support seemingly important numbers of birds.

The maximum density estimate of 0.58 ind.km™ recorded in the boat survey area is between the
‘background’ densities of 1.65 ind. km™ and 0.08 ind. km™ in May for the south and east and
western parts of the North Sea respectively (Stone et al. 1995). Moreover, Skov ef al. (1995)
report a density of 0.11 ind. km™ involving 22,825 ind. (perhaps including the race intermedius)
for the extensive area of the eastern North Sea bordering the coast or East Anglia through the
Channel including May and June.

In general, there seems to be nothing particularly unusual or exceptional about the numbers of
Lesser Black-backed Gulls in the study area compared to any other similar-sized area in the
wider Wash and especially other parts of GW5. For example similar counts were obtained from
boat-based bird surveys of Scroby Sands wind farm site in 2004, with up to 42 birds observed
(Perrow et al. 2004). This exceeds all counts made on at the Sheringham Shoal wind farm site,
with the exception of the unusual peak of 61 birds seen in late May in 2005.

8.3.5.3 Guillemot
Status

The global population of Guillemot is over 7 million pairs (Mitchell et al. 2004). The European
North Atlantic accounts for <60% of its global range (Non-SPEC) but the population is still very
large (>2 million pairs) and Secure (BirdLife International 2004). Britain holds 1.32 million birds,
constituting around 12% of the World population and 30% of the North Atlantic population (Brown
& Grice 2005). As a result of the presence of internationally important numbers of birds in a few
breeding colonies, Guillemot is of conservation concern in the UK.

The majority of British Guillemots nest in Scotland, although some 92,000 birds breed in
England, the area between Speeton and Flamborough Head (Bempton Cliffs) in Yorkshire being
the most important. Here, 46,625 birds were counted in 1998-2002, representing a trebling of
numbers since 1969/70 (Mitchell et al. 2004). This is despite a number of ‘wrecks’ in the North
Sea, comprising 20,000-50,000 birds in 1994 with further losses in 2004, when widespread
breeding failure of birds also occurred.
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Temporal and spatial use of the study area

In boat-based surveys, Guillemots were recorded in all months in all parts of the study area, and
were only absent in one survey in May 2005 (see Figure 8.17). Guillemots shared two seasonal
peaks in abundance. The earliest of these was in July, corresponding to the southward dispersal
of adults and their chicks (in adult male and chick combinations) from breeding colonies
ultimately to winter offshore (Taylor et al. 1999). During this time adult birds moult and chicks are
yet to fledge. This was represented by the small proportion of flight records of birds at this time
(3%). This in turn suggests the majority of these birds are likely to be from the breeding colony at
Flamborough Head, which is the nearest colony to the site (Taylor et al. 1999).

There was some suggestion of inter-annual variation in the numbers of immediately post-
breeding birds, as no peak occurred in July 2005. However, in 2004 the population in the boat
survey area declined from 867 ind. to 362 ind. to 10 ind. within a 13 day period, illustrating that
birds pass through the area rapidly and may not always be detected in fortnightly surveys.
Movement through the study area also appears to have been more protracted in 2005 with the
observation of juveniles throughout July and into August, compared to the exclusive peak in mid
July in 2004. The higher proportion of flying birds in 2005 (35%) also indicates variation in moult
patterns between years, which may also influence the number of birds on the site. In both 2004
and 2005 an obvious winter peak occurred in October, when the greatest numbers of Guillemots
are usually observed from the Norfolk coasts (Taylor et al. 1999).

Overall Guillemots were generally observed on the water (81% of records), and of the 19% flying
all were <20m (below the strike zone). Birds apparently passed through the site in all directions
in a similar manner to Razorbills (section 8.3.4.2).Only one individual was actually observed
using the site for foraging.
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Figure 8.17  Temporal and spatial overview of all boat-based survey records of Guillemots.
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Relative importance of the study area & site

The maximum population estimate of Guillemots in the site and buffer using distance sampling
from the boat survey data correlation was 1,105 ind. This appears to be of regional importance.
In comparison with the highly variable regional population estimates: 10,675 ind. based on aerial
survey data, 100,674 ind. based on the Western North Sea density from Stone et al., and
112,069 ind. based on the Western North Sea density and incorporating a proportion of
unidentified birds likely to be Guillemots based on a proportion calculated from boat-based
surveys.

However, data from the aerial surveys of the Greater Wash shows that numbers of Guillemots
within GW5, the area in which the wind farm is located, were not particularly high in comparison
with the rest of the Wash. The mean estimated population size for GW5 (Table 8.10) is 1,448
ind., which is smaller than that of GW3 (1,730 ind.) and GW?7 (1,940 ind.), similar to that of GW4
(1,151 ind.), and greater than that of GW6 (811 ind.). The importance of the study area within
GWS5 also appears to be low, with auks only observed there on one occasion in summer (10"
August 2005), and with no obvious winter aggregations. This is in keeping with only one bird
observed foraging in the study area during the boat surveys, suggesting that the area is not
particularly attractive and unlikely to accumulate aggregations of foraging birds.

Comparison of the maximum density of Guillemots calculated from the boat surveys (10.67 ind.
km? in mid October 2005) with the density of Guillemots in the wider Western North Sea in
October (10.32 ind. km™ — Stone et al.1995) reveals the site to be of only average importance
even when peak numbers of birds are present, and indeed these densities are much lower than
those observed over a large expanse of the northern coasts from Moray Firth (15.91 ind. km™), to
the Aberdeen Bank ( 28.17 ind. km™), to the Tees (34.71 ind. km? — Skov et al 1995).

Plate 8.4: Guillemot with chick. © Martin Perrow, ECON.

8.3.6 Summary of the use of the site by the seven key species
8.3.6.1 Sandwich Tern

Despite the relative proximity of the study area to the Blakeney Point colony in particular,
relatively few Sandwich Terns at low density were encountered in boat-based surveys. Detection
of a reasonable proportion of the Sandwich Tern population in aerial surveys in the breeding
season reinforced the suggestion that the study area was relatively unimportant. Some centres of
activity were noted in the aerial surveys including areas close to the colonies, along a SW-NE
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line to the east of the main Wash channel to Triton Knoll, and to the NE at Dudgeon Shoal up to
the limit covered by the aerial surveys (c. 60 km).

The latter site may be the target of birds observed leaving the colony to the NE, presumably on
foraging trips. A proportion of these appear to reach and forage over Sheringham Shoal located
over 5km to the south of the study area, which tends to support a higher density and proportion
of foraging birds (albeit still low) suggesting this is more suitable habitat than the study area itself.
Indeed very little foraging activity has been recorded in the study area, with most birds simply
flying through and even then mostly through the control site to the east.

8.3.6.2 Common Tern

Very low numbers in the study area during the breeding season suggests very limited use of the
study area by the small (390 pairs in 2005) breeding population at Blakeney Point and Scolt
Head.

A single exceptional number of birds in flocks in mid-August 2005 was indicative of post breeding
southerly passage most probably involving birds from coastal colonies further North and/or
inland. Common Terns on southward autumn passage through the Wash may do so on a broad
front, and there is no evidence that the study site was selected other over similar-sized areas. In
fact, aerial surveys suggest a preference for other parts of the Wash as well as far out to sea.

8.3.6.3 Little Gull

There is evidence of a very recent westerly shift in the autumn migration pattern of Little Gulls
with many birds crossing the North Sea to follow the East Coast southwards on what may be a
protracted passage. Recent records suggest tens of thousands of Little Gulls are likely to be
present in British waters at some time in autumn (September/October) with a potentially large
population passing through the Greater Wash area.

Aerial surveys suggest Little Gulls may pass through at considerable distance from shore (c. 30
km) with some driven closer by onshore winds. Although birds are likely to cross the general area
in which the proposed site is located to continue passage to the east, there is no evidence to
suggest that the study area is especially important for Little Gulls within the context of the wider
Wash. In fact, the initial assessment of the presence of important densities and numbersin the
study area may largely be an artefact of a lack of reliable population estimates.

8.3.6.4 Razorbill

Boat-based surveys recorded a concentrated passage of Razorbills through the study area in
October, which varied considerably in magnitude between years. Inter-annual variation in the
numbers of Razorbills on passage in Norfolk waters is well documented, and 2004 appears to
have been exceptional.

Stemming from a high density, the population of Razorbills in the study area appears to confer
regional verging on national importance. However, the importance of the Wash is thought to have
been considerably underestimated, and the maximum numbers of Razorbills estimated to be
present in the study area are not thought to be exceptional or indeed unusual compared to other
areas. Aerial surveys suggest auks favour some parts of the Wash and the occurrence of birds
briefly in the study area may be linked to dispersal to Dudgeon Shoal, one such area. Indeed, the
presence of large numbers in 2004 may have been linked to exceptionally calm conditions,
causing birds to break passage and rest on the surface. Otherwise, Razorbills showed no active
use of the site, for example for feeding, and passed through rapidly.

8.3.6.5 Gannet

Gannets are extremely wide-ranging when foraging from breeding colonies. This, combined with
complex migration patterns and the occurrence of a large pool of non-breeding birds in the North
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Sea, means that a low density of Gannets may be present around all UK coasts at any time of
year.

Relatively large numbers of Gannets may occur in the Wash especially in the autumn passage
period. Birds are very mobile and although they may occur close to the coast, perhaps especially
in onshore winds, aerial surveys show they may otherwise pass through far out to sea. The peak
population at the Sheringham Shoal wind farm site in mid July 2004 was exceptional for the
study area but does not appear exceptional or even unusual compared to any other similar area
in the wider Wash. Numbers in the study area and attained regional importance partly as a result
of the lack of reliable population estimates.

8.3.6.6 Lesser Black-backed Gull

Lesser Black-backed Gulls breed in the Wash at the Outer Trial Bank (1,387 pairs) as well as
further afield on rooftops at Great Yarmouth/Gorleston and Lowestoft, and in very small numbers
on the North Norfolk Coast. However, the sites or larger populations all appear to be too distant
to routinely account for the birds occurring in the study area. The exceptional peak in numbers in
May 2005 was coincident with passage in Norfolk waters (Taylor et al. 1999), although the
presence of birds during the summer suggests that a pool of non-breeding, including adult birds
are present in the Wash. In general, there seems to be nothing particularly unusual or
exceptional about the numbers of Lesser Black-backed Gulls in the study area compared to any
other similar-sized area in the wider Wash.

8.3.6.7 Guillemot

Although Guillemots were recorded in all months of the year in the study area, distinct population
peaks were consistently recorded in late summer (July/August) and then again in early autumn
(October). The first of these corresponds to the dispersal of adults and chicks from breeding
colonies. As the birds are flightless at this time it is most likely that birds in the Wash originate
from the closest colony in North Yorkshire (Bempton Cliffs). The second, larger peak
corresponds to the dispersal of birds from further afield into the wider North Sea, some of which
over-winter in the Wash.

Although the data gained from boat-based surveys suggests that the estimated site population of
Guillemot could reach regionally important numbers at times, the aerial survey data indicates that
auks are relatively evenly distributed throughout the Wash, with neither the site itself nor the
surrounding area being particularly favoured. However, winter aggregations of auks were noted
at Dudgeon Shoal, and is it possible that birds observed in the study area in October may be en-
route to this area.

8.4 Impacts during construction

8.4.1 Introduction

The potential impacts during construction on birds could include a combination of both direct and
indirect effects. The most obvious direct effect of construction is disturbance, which could be due
to either the general increases in boat traffic and human presence on the site, or to the specific
effects of construction activities (e.g. noise, vibration), or both. Indirect effects through changes in
prey supply are also considered. The impacts during construction of the proposed wind farm on
the seven key species are discussed below.

At present, data from existing offshore wind farm sites is scant, and the work that has been
carried out is often inconclusive due to a variety of factors, such as insufficient surveys during
peak periods and insufficient or inconclusive pre-construction data, and generally reflects the
difficulties associated with assessing changes in habitat usage of a number of highly mobile,
seasonally occurring species. However, construction monitoring at two operational sites — North
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Hoyle in the UK (RWE Group 2005) and Horns Rev in Denmark (Christensen & Hounisen 2005) -
has involved the analysis of the impacts of construction on some of the key species found at the
Sheringham Shoal wind farm site.

Data from both North Hoyle and Horns Rev relating to these species were largely inconclusive.
At North Hoyle, pre-construction data was gathered when the Sandwich Terns were not present
in winter, and the paucity of records for Razorbills also meant that no conclusions could be
drawn. However, it appeared that Common Terns showed no change in distribution patterns pre-
and during construction (RWE Group 2005).

At Horn’s Rev the number of records was also a limiting factor, since usage of the wind farm site
was low compared to the surrounding locality. No statistically significant construction related
avoidance impacts could be detected although auks were consistently higher during the baseline
years than during the period of construction, and all observations were from over 2.5 km away
from actual construction activities. However, the work did highlight a positive impact on Herring
Gull, ecologically similar to Lesser Black-backed Gull, numbers of which significantly increased in
the wind farm period during construction, and which were probably attracted to the area by the
increased boat activity (Christensen et al. 2002).

8.4.2 Direct effect: disturbance on the site due to increased boat traffic

The theoretical basis of disturbance may be constructed from the work of Garthe & Huppop
2004) which defines the sensitivity of the key species of concern at Sheringham Shoal. This work
derived vulnerability scores for disturbance by ship and helicopter traffic based on the combined
opinions of 13 seabird experts. Five categories of vulnerability are defined which correspond to
the terminology introduced in section 8.2.5.2, i.e. 5 = very high (or vulnerable), 4 = high, 3 =
medium, 2 = low, 1 = negligible. This enabled the likely significance of increased boat traffic to be
assessed by combining the sensitivity of the population (based on conservation concern) with
species specific tolerances to disturbance from boat and helicopter traffic using Table 8.5. The
ranks assigned to the key species are given in Table 8.11.

Table 8.11  Vulnerability of each species as derived by Garthe & Hiippop (2004). Shaded cells indicate
the combinations of sensitivity and vulnerability that give rise to potential significant impacts.

Species Sensitivity Vulnerability to boat traffic

Sandwich Tern Very high 2 —low

Common Tern Very high 2 —low

Little Gull High 1 — negligible

Razorbill High 3 — medium

Gannet Medium 2 —low

Lesser Black-backed Gull Medium 2 —low

Guillemot Medium 3 - medium

The results of this analysis suggest that there would be a relatively small, but potentially
significant reduction in the numbers of Sandwich Terns, Common Terns, Razorbills and
Guillemot using the site during construction due to the impacts of increased boat traffic.
However, actual use of the site by these species also requires consideration, as discussed
below.

8.4.21 Terns

Construction is planned to take place throughout the year (Section 2), encompassing the
breeding and peak passage periods for both tern species in any one year. It is likely that the site
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will constitute some part of the foraging range of Sandwich Terns from the colonies on the north
Norfolk coast, but the data (sections 8.3.3.1 and 8.3.3.2) suggests that the site is relatively
unimportant for these species as a feeding area. For birds passing through the site on route to
other feeding areas (e.g. Dudgeon Shoal) the temporary disturbance during construction may
result in deviation from the straight line route with the potential for metabolic disbenefits. Given
the localized nature of the construction activities at any specific time, the temporary effect would
be considered of minor adverse significance for Sandwich Terns.

In contrast, the majority of Common terns appear to be migrants, and therefore disturbance does
not constitute the equivalent loss of habitat as in the case of Sandwich Terns. The temporary
impact of construction is therefore predicted to be negligible for Common Terns.

8.4.2.2 Auks

Peak period of occurrence of Razorbills is in October. Although construction may take place
throughout the year, disturbance of Razorbills for a temporary period during construction would
not necessarily result in any significant impacts on the birds, since the site appears to be of
limited importance for them (no birds observed feeding, and no particularly obvious aggregations,
section 8.3.4.2). As a consequence, the impact of temporarily disturbance of Razorbill and
Guillemot is considered of negligible significance.

8.4.3 Direct effect: disturbance due to noise & vibration from
construction related activities

It is anticipated that the noise and vibration associated with any pile driving activity could result in
the avoidance of the area by all bird species for the time during which this is undertaken,
although data from other studies on this aspect of construction is scant. Compared to
disturbance due to increased boat traffic, piling is a much noisier activity but of shorter duration.
In absence of specific data on this effect, the impact assessment broadly follows the impact
assessment due to increased boat traffic (determined in the previous section). Consequently any
effect is considered to be of minor adverse significance for the impact on Sandwich Terns. For
the other key species any impacts are anticipated to be negligible.

8.4.4 Direct effect: disturbance due to cable laying activities

Most potential effects during construction relate to activities at the wind farm site. However, cable
laying activities between the wind farm and the landfall site could in principle also impact upon
birds. Consultation with English Nature and the RSPB has indicated that the cable crossing of
Sheringham Shoal, some 5.6 km to the south of the proposed site, is of some concern, as this
may be an important area for feeding terns.

The data available from the additional survey transect along the shoal confirms that the shoal
offers more suitable foraging habitat for Sandwich Terns than the wind farm site itself with both
the encounter rate and the proportion of birds recorded as fishing being notably higher (section
8.3.3.1).

Nonetheless, the magnitude of the disturbance caused by the cable laying is limited, since the
activity in the immediate vicinity of the shoal will last a few days at most, with total laying of the
21km stretch taking 13 days for each of the two export cables (see Section 2, Project Details).
The impact from this short change from baseline condition is considered to be of negligible
magnitude and consequently the effect on terns is considered of minor adverse significance at
most.

8.4.5 Indirect effect: changes in prey supply

Indirect effects of construction activities have the potential to seriously affect birds and may be
difficult to predict. For example at Scroby Sands the effects of pile driving on spawning fish has
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been raised as a potential cause of poor numbers of young-of-the-year herring, the main food
source of Little Terns. Low fish numbers then contributed to the complete breeding failure of the
birds in that season (Perrow et al. 2006).

Changes in prey supply could result from changes in the nature of the seabed, suspended
sediment, or construction noise. At the Sheringham Shoal wind farm site any effects on the
seabed would be unlikely to affect the birds of concern, which all feed on pelagic fish and
invertebrates. Due to the highly temporary increases in suspended sediment would also be
unlikely to have serious impacts.

In Section 10 (Natural Fisheries) it is concluded that neither the site nor the cable route constitute
an active herring spawning ground. For other pelagic fish species it is concluded that the effects
of construcion noise on the early life stages of spawning fish are considered negligible.

A combination of negligible effects on pelagic spawning fish and furthermore based on the
relative unimportance of the site for feeding birds suggests the indirect effect of change in prey
supply to be of negligible significance.

8.4.6 Mitigation & Residual impacts

Potential impacts on Sandwich Terns from increased boat traffic are considered likely to be of
minor adverse significance at most, with minimal residual impacts.

Since construction will take place during the breeding season for Sandwich Tern a monitoring
methodology will be put into place to confirm the nature of any residual impact (see section 8.8).

8.5 Impacts during operation
8.5.1 Introduction

The impacts on birds during operation are all likely to be of a direct nature. Visual impacts and
the effects of moving structures could potentially result in disturbance and displacement and also
act as a barrier to bird flight routes. The proposed wind farm could also impact on bird
populations by causing additional mortality through collisions with the turbines. These impacts
are discussed below.
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8.5.2 Direct effect: disturbance and displacement

Disturbance and displacement could occur both as a result of disturbance due to visual impacts
and the effects of moving structures, and as a result of increases in boat traffic, which are
expected to occur as a result of maintenance activity. The magnitude of potential disturbance
and displacement impacts will depend on:

1. The sensitivity of the species to disturbance;
2. The importance of the local habitat for the species; and
3. The availability of alternative sites nearby.

In order to make an assessment using the methodology set out in 8.2.5.2 the following
parameters were used:

1. The vulnerability score based on the combined opinions of 13 seabird experts as reported by
Garthe & Hippop (section 8.4.2) as a measure for sensitivity to disturbance;

2. The percentage of birds that have been recorded feeding in the wind farm area as a measure
of the importance of the local habitat;

3. The proportion of birds recorded in the wind farm site during the combined aerial surveys as
a % of the total in survey blocks GW3, GW4 and GW5 as a measure for the availability of
nearby alternative sites.

Using each of the above an overall magnitude of the displacement effect on each species was
derived (Table 8.12).

Table 8.12 The magnitude of the disturbance and displacement effect determined from three different scores (see
text).

Species 1. 2. 3. Overall

Vulnerability % of birds seen % of birds magnitud*i
score feeding recorded in of effect
site

Razorbill 3 (Medium) 0 0.6% * Low
Guillemot 3 (Medium) 0.1 0.6% * Low
Sandwich Tern 2 (Low) 3.5 0.8% Negligible
Common Tern 2 (Low) 6.1 <<1% Negligible
Gannet 2 (Low) 0.87 <<1% Negligible
Lesser Black-backed Gull | 2 (Low) 0 <<1% Negligible
Little Gull 1 (Negligible) 0 <<1% Negligible

* Value for Auk sp.

** The justification of the overall magnitude of effect is explored in the text.
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8.5.2.1 Auks

Of the seven key species, Razorbill and Guillemot are the most sensitive to disturbance and
displacements with a medium vulnerability score. However, the lack of specific use (no observed
foraging) and the conclusion that the wind farm site has no more potential than any other area of
similar size in the Greater Wash (sections 8.3.4.2 and 8.3.5.3) substantiate that the magnitude of
the disturbance and displacement effect is low. The impact of disturbance and displacement is
therefore predicted to be of minor adverse significance.

8.5.2.2 Terns

The magnitude of the disturbance and displacement effect for Sandwich Tern and Common Tern
is estimated to be negligible, as the response of the species to disturbance is low and the site is
not of particular importance for these species as a feeding area, and that alternative areas are
available. This assessment is in line with observations from existing offshore wind farm that
Sandwich Tern and Common Tern pass through wind farms, flying between the turbines (see
section 8.5.3 and references therein).

Based on the very high sensitivity of the species (Table 8.3), the overall significance of the
impact is considered of minor adverse significance.

8.5.2.3 Other key species

In line with the assessment for terns, the disturbance and displacement effect for Gannet, Lesser
Black-backed Gull, and Little Gull is estimated to be of negligible magnitude. Based on the
medium (Gannet and Lesser Black-backed Gull) or high (Little Gull) sensitivity of the species and
Table 8.5 the impact of the disturbance and displacement effect is considered to be negligible.
In fact, at Horns Rev offshore wind farm, Little Gulls positively associated with the wind farm after
construction are perhaps attracted by potential prey associated with turbine bases area
(Christensen et al. 2003).

8.5.3 Direct effect: barrier effect

Birds may percieve lines of turbines as barriers to passage, be daily, seasonal or annual. In
accordance with this results of Horns Rev radar analysis indicated that birds deviated at
distances of 1-2 km to avoid the site. It is specifically mentioned that observers saw terns and
Gannets taking evasive action in this way (Christensen & Hounisen 2004), although Sandwich
Terns have also been observed passing through (Christensen et al. 2003). Observations from
the wind farm at Yttre Strengtund in Sweden recorded both Common and Arctic Terns passing
through the site on migration, flying between the turbines without making any deviation
(Petterson 2005). Thus, it may be anticipated that the preferred flight lines of certain bird species,
especially terns, across the site would not be disrupted by the presence of turbines, especially if
suitable corridors between the turbines are available.

The proposed turbines at the Sheringham Shoal wind farm will be positioned 570-1120 m apart,
depending on turbine size and orientation to bird flight direction. With the 108 x 3 MW layout as
the assumed worst case situation for the barrier effect, the minimum distance between turbines is
570 m. With a rotor diameter of 90 m, this gives a minimum gap of 480 m between rotors.

8.5.3.1 Terns

The data shows a prevailing NE-SW flight direction for both Sandwich Terns and Common Terns
(see 8.3.3.1 and 8.3.3.2), strongly suggesting movement through the site on route between the
nearest colony at Blakeney Point and foraging grounds further offshore, possibly around
Dudgeon Shoal. Barrier effect and residual displacement for both tern species could conceivably
be reduced even further if corridors between the turbines were to align with these general
directions.
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Figure 8.18  Corridors between the wind turbines are aligned with the prevailing NE-SW flight direction of terns

through the proposed wind farm site. The layout shown is 70 x 4.5 MW.

Page 238 of 722 Environmental Impact Assessment



Five different sizes of wind turbine are being considered for the proposed wind farm at
Sheringham Shoal, each with a specific layout (see Section 2). Corridors between the
turbines oriented in the approximate NE-SW direction have been incorporated in all five
layouts. The preferred 70 x 4.5 MW layout is illustrated in Figure 8.18, the solid line
indicating the direct route between the tern colony at Blakeney Point and Dudgeon Shoal.
Table 8.13 summarises the relevant parameters for all five wind farm layouts, including an
estimate for the length of detour for a bird flying from Blakeney Point to Dudgeon Shoal
following a corridor through the wind farm.

With flight corridors within the wind farm the estimated average detour length is reduced to
below 0.1km for all but one layout (see Figure 8.18). The residual impact of the barrier effect
with these corridors in place is therefore predicted to be of negligible magnitude.

Table 8.13  Wind farm layout parameters relevant to the flight corridors for terns and migrant big birds.

Wind farm Orientation of Distance Minimum width Estimated
layout the between of the detour
corridors * turbines corridors length **
[degrees] [m] (tip to tip) [km]
[m]

108 x 3 MW 36 660 570 <041

88 x 3.6 MW 34 720 616 <01

70 x 4.5 MW 30 800 680 <0.1

63 x 5 MW 39 900 775 <0.1

45 x 7 MW 15 900 750 ~0.25

* The direct flight line (as in Figure 8.18) corresponds to 31 degrees.

** Estimated detour for birds flying from Blakeney Point to Dudgeon Shoal following a central corridor through the wind farm.
The total distance being approx. 40 km.

Moreover, even if the preferred flight lines of the terns were to be disrupted by the presence of
the turbines, relatively small deviations in course by flying birds at some distance from the site
would be required to take them past the wind farm. For example, the estimated maximum detour
length for a bird flying from Blakeney Point to Dudgeon Shoal to avoid the wind farm would be
between 2km and 5km depending on the distance from the site where the deviation commences.
This is a 5 t010% increase over the total flight distance of approx. 40km. Given that Sandwich
terns are capable of routinely flying large distances to foraging grounds, such deviations are
thought unlikely to bear any significant costs to individual fitness and ultimately breeding
productivity. The impact of the barrier effect is therefore predicted to be of minor adverse
significance at most.

Migration

Although the extensive boat-based survey programme has shown little evidence of migrant
waterfowl, waders or passerines passing through the proposed site of the wind farm within visible
height range, it is expected that the general flight direction of such passage would correspond to
the approximate NE-SW direction. Alternatively. it is also likely that migrant waterfowl would to
some extent be diverted around the wind farm, as has been recorded at several other offshore
wind farms (Desholm & Kahlert 2005). It is also possible that the potential barrier effect would be
minimized by the corridors between turbines that are provided in the layout. It is thus anticipated
that any impact on migrant birds would be of negligible significance.
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8.5.4 Direct effect: risk of collision

8.5.4.1 Introduction

The proposed wind farm could impact on bird populations by causing additional mortality through
bird collisions with the wind turbines. Mortality as a result of collision with turbine blades can be
assessed using collision risk modelling. The collision risk model used in this assessment is the
model developed by SNH and BWEA (Percival et al. 1999, Band 2000), taking into account the
recent appraisal of the model by the BTO and NERI (Chamberlain et al. 2005).

The model is essentially a mechanistic calculation assuming that flight patterns are unaffected by
the presence of the wind turbines. The outcome of the collision risk model is a theoretical number
of individuals at risk of collision, assuming that the birds do not actively avoid the turbines. The
probability that the birds will take avoiding action is then incorporated by multiplying the predicted
collision rate by 1 minus the probability of avoidance.

The probability of avoidance, or avoidance rate, is typically estimated to be very high (well above
99%) in most case studies (e.g. Percival 2000). For impact assessment SNH has recently
recommended a highly precautionary approach, using a value of (only) 95% as an avoidance
rate. Such a low avoidance rate certainly overestimates the rate of mortality caused by a wind
farm.

The approach used here is to use a more realistic but still precautionary avoidance rate of 98% in
the impact assessment. Calculated mortality rates are also given for the avoidance rates of 99%
and 99.5% (see Table 8.14).

The primary results from the collision model calculations are presented in Appendix 8.4. Only
those key species in which a proportion of the population was observed flying at rotor height
were included. Therefore, collision risk was calculated for Sandwich Tern (13% of the recorded
birds were flying at risk height, see Appendix 8.2), Common Tern (16%), Little Gull (10%),
Gannet (10%), and Lesser Black-backed Gull (27%). Guillemot and Razorbill were excluded
since these species were never recorded flying at heights of greater than 20m above sea
surface.

In accordance with the specifications of the Rochdale Envelope the impact assessment assumes
the worst case scenario for birds. For collision risk assessment, this is specified as the site layout
with a large number of small turbines, i.e. the 108 x 3 MW layout.
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Table 8.14  Summary of the results from the collision model calculations (see Appendix 8.4).

Species Sandwich Common Gannet Little Gull Lesser Black-
Tern Tern backed
Gull

Bird parameters used in collision risk model:

Bird length (m) ** 0.38 0.33 0.93 0.26 0.58
Wingspan (m) ** 1.00 0.87 1.72 0.77 1.42
Flight speed (m/s) * | 10.5 10.5 13.0 11.5 11.5
% active at night " | 0% 0% 25% 25% 50%
% at rotor height * | 13.3% 15.7% 9.9% 9.9% 26.5%

Collision modelling results: (number of individuals)

Annual mortality at
98% 23 3 31 8 33
avoidance

Annual mortality at
99% 12 1 16 4 16
avoidance

Annual mortality at
99.5% 6 1 8 2 8
avoidance

*From Christensen & Hounisen 2005

**Taken from http://www.rspb.org.uk

"Derived from nocturnal activity codes by Garthe & Hiippop 2004.

*From boat-based survey records.
The calculated mortality from the collision risk modelling were assessed on three levels:

1. Local - the significance of the impact of collision mortality on the site population of
any species is calculated from annual passage rates of birds passing through the site.

2. Regional - the significance of the impact of collision mortality on the estimated
regional population of any species for the greater Wash area, using best available data.

3. Super regional - the significance of the impacts of collision mortality on the estimated
annual mortality rate of the part of the UK population of any species likely to pass through
the Wash.

8.5.4.2 Impact on local site populations

The significance of the impact of calculated collision mortality on the annual site population is
based on an assessment of mortality in relation to the annual rate of passage of birds through
the site. Passage rates can be estimated from the average densities of flying birds of any
species at the wind farm site (per species and per month from snapshots taken during the boat-
based surveys). The average number of flying birds was multiplied by the time spent in the site
(assuming that birds flew through the site in a straight line at a mean species-specific flight
speed) to give an hourly passage rate, which was then scaled up to give the number of birds
passing through the site per month. Additional scale factors were used to account for the
difference between diurnal and nocturnal activity patterns. Monthly values were then summed to
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give an annual passage rate, i.e. the site population (Table 8.15). Whilst this appears to provide
realistic figures for most species, the passage rate of Little Gull is a considerable overestimate,
since their movement through the site is highly seasonal focussed on early October.

Table 8.15  Assessment of the impacts of calculated collision on site population assuming 98%
avoidance rate.

Species Sandwich Common Gannet Little Gull Lesser Black-
backed
Gull
Sensitivity Very high Very high Medium High Medium
Passages through 98,000 11,000 130,000 52,000 60,000
site per year
% passages
resulting in 0.024% 0.024% 0.024% 0.015% 0.055%
collision
Magnitude of effect Negligible Negligible Negligible Negligible Negligible
Significance of . . . - -
impact Minor Minor Negligible Negligible Negligible

*Calculated based on densities of flying birds as derived from snapshots during boat-based surveys.

Assuming a precautionary 98% avoidance rate, the calculated collision rates are expressed as a
percentage of the passage rates. The magnitude of the impact on the site population was then
assessed using the matrices presented in section 8.2.5.2. The overall significance of the
predicted impacts on all species is either minor or negligible, indicating that turbine strike would
not be expected to have any significant impacts on the local site populations.
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8.5.4.3 Impact on regional populations

The methodology described above was also used to assess the magnitude and significance of
the likely impacts on regional populations in the Greater Wash area (Table 8.16).

Table 8.16  Assessment of the impact of calculated collision on regional population assuming 98%
avoidance rate.

Species Sandwich Common Gannet Little Gull Lesser Black-
Tern Tern backed
Gull
Sensitivity Very high Very high Medium High Medium
Estimated regional | 7 35+ 780 5,700 * 32,000 ' 2,800 **
population
% regional
population 0.3% 0.4% 0.5% 0.03% 0.8 %
affected
Magnitude of effect Negligible Negligible Negligible Negligible Negligible
Significance of . . .. - -
impact Minor Minor Negligible Negligible Negligible

*Best estimate calculated from Western North Sea density from Stone et al. (1995) during peak month multiplied by the area of
the Greater Wash surveyed during the aerial surveys.

**Number of birds recorded breeding on Outer Trial Bank in 2005 (Brown & Grice 2005). This assumes that the birds in the
wind farm site are from this colony, which is actually unlikely — see text.

"Based on maximum count of 2032 from the aerial survey data, scaled up to accommodate for the timing of the survey, since
no aerial surveys were carried out during the peak passage period.

2005 Scolt Head and Blakeney Point breeding colony figures from site wardens.

Again, assuming a precautionary 98% avoidance rate, the calculated collision rates are
expressed as a percentage of the estimated regional population. The magnitude of the impact on
the site population was then assessed using the matrices presented in section 8.2.5.2. The
overall significance of the predicted impacts on all species was either minor or negligible,
indicating that turbine strike would not be expected to have any significant impacts in a regional
context.

8.5.4.4 Impacts on part of the UK population likely to pass through the Wash

The capacity of each species to accommodate additional mortality due to the wind farm over
background levels was investigated on the part of the UK population likely to pass through the
Wash. The background annual mortality was calculated using estimated population sizes for this
wider region and a species-specific annual mortality rate available from the literature. The
increase in mortality due to the wind farm (assuming a precautionary 98% avoidance rate) was
then expressed as an percentage increase over this background mortality (Table 8.17).
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Table 8.17 Assessment of the impact of calculated collision on the part of the UK population likely to pass
through the Wash assuming 98% avoidance.

Species Sandwich Common Gannet Little Gull Lesser Black-
Tern Tern backed

Gull

Sensitivity Very high Very high Medium

Estimated east 24,000 * 13,000 2 623,000° | 32,000 * 97,000 °

coast population

Background annual | 4, 12% 6% 20% 7%

mortality rate

Background annual | g4, 1560 37380 6400 6790

mortality

% increase over

background 0.8% 0.2% 0.08% 0.14% 0.5%

mortality

Magnitude of effect | Negligible Negligible Negligible Negligible Negligible

Significance of

impact Minor Minor Negligible Negligible Negligible

*Taken from Garthe & Hiippop 2004

' UK birds likely to pass the Wash calculated from breeding numbers from East Coast of the UK only (Norfolk to Orkney), based
on Seabird 2000 breeding numbers. Birds from the UK West coast have not been recovered around the North Sea coasts
(Wenham et al. 2002).

2 UK birds likely to pass the Wash calculated from breeding numbers from SE Scotland (Perth and Kinross south), NE, E and
SE England (to East Sussex, including inland counties Leics, Cambs, Northants, Beds, Bucks Greater London), based on
Seabird 2000 breeding numbers.

® Global population estimate from Birdlife Int (2004). Birds likely to be encountered in the Wash may also include non-breeding
sub-adults, during the breeding period, numbers of which are unknown. The entire UK population is deemed likely to pass
through the Wash in the course of a year as birds highly mobile and long-ranging.

*No UK breeding birds. Based on maximum count of 2032 from the aerial survey data, scaled up to accommodate for the
timing of the survey, since no aerial surveys were carried out during the peak passage period. As in Table 8.16.

® UK breeding population from Seabird 2000 data in Mitchell et al. 2004. Birds breeding in the southern half of the UK are likely
to pass through the Greater Wash as are birds from Norway and possibly Iceland (Skov et al 1995). Winter UK numbers
from Migration Atlas, but a large proportion of these will over-winter inland in the UK.

The magnitude of the impact of collision on the annual mortality rates of the population likely to
pass through the Wash was then assessed using the matrices presented in section 8.2.5.2. The
overall significance of the predicted impacts on was either minor or negligible for all species,
indicating that turbine strike would not be expected to have any significant impacts on the
mortality rate in a super regional context.

8.5.5 Conclusions in relation to collision mortality

Mortality due to collision with wind turbines is obviously significant on an individual level but
may only be so on a population level once a specific number of individuals are lost. In the
sections above, collision risks for the key species Sandwich Terns, Common Terns,
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Gannets, Little Gull and Lesser Black-backed Gull at the proposed wind farm Sheringham
Shoal have been assessed on three population levels.

Two important precautionary assumptions are used in the impact assessment. First, the
annual mortality was calculated with the worst case 108 x 3 MW layout (Rochdale
Envelope). Second, a precautionary avoidance rate of 98% was used. Notwithstanding this
precautionary approach, the significance of the impact is predicted to be negligible or
minor adverse for all species and on all three assessment levels. It is concluded therefore
that mortality due to collision with the wind turbines is unlikely to be of significance on a
population level for any of these species during normal weather conditions.

Whilst if there have been concerns that under exceptional storm conditions both seabirds as well
as migrant passerines, waders and waterfowl, which would otherwise pass through the area
above turbine height, could be at risk, it should be stated that at wind speeds above about 25m/s
(wind force 10Bft and above) the wind turbines are shut down for safety reasons. This is deemed
to eliminate the risk of birds being hit by a rotor blade.

8.5.6 Mitigation and Residual Impacts

The main issues identified in the sections above are disturbance/displacement impacts, the
barrier effect (limited to high sensitivity species) and collision. Since both Sandwich Terns
and Common Terns have been observed passing through wind farms, flying between the
turbines without making any deviation, the impact of the barrier effect is likely be reduced
further since flight corridors for the birds are incorporated in the wind farm design.

8.6 Impacts during decommissioning

The impacts during decommissioning are expected to be similar to the impact during the
construction phase (see section 8.4).

Thus, any effect is considered to be of minor adverse significance for the impact on Sandwich
Tern. For the other key species any impacts are expected to be negligible.

8.7 Cumulative effects

8.7.1 Cumulative Assessment Methodology

A methodology was devised for the assessment of cumulative impacts based on the matrices
described in section 8.2.5.2 Due to the differing methodologies employed on other sites, the
effects could only be assessed in terms of general categories (e.g. very low, low etc.). Since the
exact percentage of the population likely to be affected was not known for the other sites, the
value for each defined magnitude was estimated by comparing peak densities recorded at the
other site with the peak densities recorded at Sheringham Shoal. The cumulative effect was then
assessed in an additive capacity, which was classified according to the magnitudes defined in
Table 8.6. The matrix of magnitude of effects and sensitivity was then used to assess the level of
significance as before (Table 8.5). This was considered the most appropriate way to assess
impacts on birds since the impacts considered most likely, namely distirbance/displacement and
turbine strike, would be expected to result in potentially additive effects, for example in relation to
mortality and habitat loss.

8.7.2 Cumulative effects from Round 1 consented sites

The data used to assess cumulative impacts was taken from the ornithological reports from the
three Round 1 consented sites in the Wash. These are Lynn & Inner Dowsing (LID), which are
treated as one site due to their proximity, and Norfolk (also known as Cromer). It was assumed
that unless species had been specifically identified as being at risk from some level of impact at
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both Sheringham Shoal and any of the other sites, that any cumulative effects (i.e. over and
above those discussed in this document) would not occur as a result of the proposed
Sheringham Shoal development. The only species identified as potentially at risk at LID that were
also present at the Sheringham Shoal site were Gannet and terns. The majority of the latter,
when identified, were Sandwich Terns (Gill et al. 2004). There were no species identified as
being at risk at both the Sheringham Shoal and Norfolk sites (Norfolk Offshore Wind 2002).

Sandwich Terns

Calculation of the cumulative additive effects of impacts from developments at LID and
Sheringham Shoal, required the assessment of the overall effect of each development. In the
case of the Sheringham Shoal site, the magnitude of the disturbance and displacement effect on
Sandwich Tern was classified as low, based on a small percentage (<1%) of birds recorded in
the site itself (see Table 8.12). Since densities of Sandwich Terns at both Sheringham Shoal and
LID were similar (LID peak density= 0.27 ind. km™, Sheringham Shoal peak density=0.30 ind.
km), the overall effect were taken to be comparable, with the result that for the purposes of this
analysis the effect on Sandwich Tern at LID was also classified as low. This is in keeping with the
statement in Gill et al. (2004) that no detectable effects on the regional population would occur.

Even given the very high sensitivity of Sandwich Terns, the cumulative impact is predicted to be
still of minor adverse significance. The monitoring proposal for Sandwich Terns discussed in
section 8.8 would provide the information required to further assess the likelihood of this potential
cumulative impact occurring.

Gannets

Gannet densities at LID (peak=0.42 ind. km™=Gill et al. 2004) were far lower than at Sheringham
Shoal (1.09 ind. km™). Therefore, since the overall effect on Gannet at Sheringham Shoal had
been classified as being of negligible magnitude the overall effect on Gannet at LID were also
classified as the same. Given the medium sensitivity of Gannets, the cumulative impact is
predicted to be of negligible significance.

8.7.3 Cumulative effects from Round 2 sites

Whilst a number of other Round 2 sites are planned in the Wash, it was not possible to assess
potential cumulative impacts with the Sheringham Shoal project since the other sites are yet to
submit their definitive intentions and site specific bird data is not yet available.

8.7.4 Cumulative effects from other activities

Other activities near the wind farm site that potentially give rise to cumulative effects are limited
to the nearby shipping lanes (see Section 14). The nearest marine aggregates sites, oil and
gas activities and military zones are far enough away not to be of concern in this context.

In combination disturbance or displacement effects from shipping would be expected most likely
for the key species most vulnerable to boat traffic such as: Razorbill and Guillemot (see
Table 8.11). However. the distribution of all auks observed during the 7 aerial surveys
carried out between November 2004 and August 2005 (Figure 8.12) shows no indication that
the density of auks is lower in or near shipping lanes compared to elsewhere in the survey
area.

Therefore, since the overall impact of disturbance or displacement of auks during operation of
the wind farm has been classified as being of low magnitude the overall effect is classified as
the same. Given the high sensitivity of Razorbill and the medium sensitivity of Guillemot, the
cumulative impact is predicted to be of minor adverse significance at most for both
species.

Page 246 of 722 Environmental Impact Assessment



8.8 Monitoring proposals

A combination of boat-based surveys, aerial surveys and radar studies were used to establish
the ornithological baseline. A suitable programme will be developed in cooperation with English
Nature to monitor impact of the development upon the species identified as of potential concern.
Given the internationally important tern colonies at the Norfolk coast, monitoring efforts will be
focussed on Sandwich and Common terns.

Boat-based surveys during the summer and autumn are deemed suitable to establish density
and population sizes of birds of concern in the study area and control during construction and
operation. In particular, a summer survey programme comparable to that undertaken in the
baseline is thought adequate to determine populations and use Sandwich and Common terns
and Lesser Black-backed Gulls and the late summer passage of Gannet and Guillemot. A
number of surveys from late September to the end of October would allow assessment of the
passage of Little Gull and Razorbill as well as other migrant species. With little use of the study
area by birds during winter no boat surveys are required.

With the lack of importance of divers and sea-ducks and with the low relative use of the study
area compared to the wider area, there is no further requirement for aerial surveys. The relative
unimportance of the study area for migrant waterfowl, waders and passerines also eliminates the
need for further radar studies.

Given the importance of Sandwich Tern, species specific monitoring effort, over and above
determination of density and population size may be worthwhile to determine the nature and
magnitude of any residual impact. The monitoring undertaken on a similar species, Little Terns,
at the Scroby Sands Offshore Wind Farm, where impacts were also predicted as “moderate at
most”, provides a suitable model. This will be further discussed with English Nature.

8.9 Summary
8.9.1 Introduction

An intensive programme of boat-based surveys over two years supplemented by aerial surveys
at key times in summer and winter and radar studies during successive autumn migration
periods, was used to describe the bird use and activity within the Sheringham Shoal study area
containing the proposed wind farm.

A number of species/groups raised as being of potential importance in the scoping studies
including divers, sea-duck and migrant waterfowl (including Pink-footed and Brent Geese),
waders and passerines did not occur on the site in sufficient numbers to be of concern. In the
case of divers and sea-duck, aerial surveys illustrated that other areas were of far greater
importance within the Greater Wash. Whereas Pink-footed geese, amongst other waterfowl were
observed during radar studies there was no evidence that these crossed the proposed wind farm
site, and were more typically undertaking local movements in inshore coastal waters. Passerine
and possibly wader migration tended to occur at night on a broad front, but generally at sufficient
height to mean that even if birds crossed the site, they were at little risk from potential turbine
strike. This does not account for poor weather, although the risk to birds, including seabirds,
would be reduced in extremely windy conditions by the automatic shutdown of the turbines.

The maximum estimated population size in the study area of a small number of species (seven)
was high enough (i.e. at least of regional importance-1% or more of regional population), on at
least one occasion to warrant further investigation. These included Sandwich and Common
Terns, Little and Lesser Black-backed Gulls, Gannets, and the auks, Razorbill and Guillemot.
Both tern species were assessed as being of very high sensitivity on account of their inclusion
within either the Wash or North Norfolk Coast SPA’s. Little Gull and Razorbill were classed as of
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high sensitivity on account of their potential to occur in numbers of national importance (1% of
national population). Gannet, Lesser Black-backed Gull and Guillemot were classed as of
medium sensitivity.

A precautionary worst-case assessment of any potential impacts of the proposed development
upon the species of concern was undertaken. This used both significance level assessment
involving matrix analysis of sensitivity and magnitude of any effects, as well as a thorough
ecological appraisal of seasonal variation and patterns of each species of the study area and
proposed site.

8.9.2 Impacts on key species of very high sensitivity
8.9.2.1 Sandwich Tern

With little specific use of the wind farm and buffer area by foraging birds, and the availability of
alternative areas, the significance of disturbance during construction and displacement during
operation is considered minor adverse. Although evidence from other offshore sites is scant, at
Horns Rev offshore wind farm, Sandwich Terns were regularly seen to enter the wind farm area
(Christensen et al. 2003). Thus, it may be anticipated that preferred flight lines of sandwich tern
across the site would not be disrupted by the presence of turbines, especially since preferred
flight lines have been considered and incorporated in the design layouts.

Only a low proportion (13%) of birds were recorded in the zone potentially occupied by the
turbines and the risk of collision was deemed to be of minor adverse significance irrespective of
whether the site population (number of passage movements), the regional population, or the
background mortality levels of the UK population likely to pass through the site was used in
calculations.

In conclusion, the presence of the Sheringham Shoal wind farm may conceivably have a minor
adverse impact upon Sandwich Terns. Rigorous monitoring will help determine the nature of any
residual effects should they occur.

8.9.2.2 Common Tern

With limited use of the wind farm and buffer area by foraging birds, and the availability of
alternative areas there was a negligible significance of disturbance during construction and a
minor adverse significance of displacement during operation.

A highly precautionary approach to assess collision risk was conducted as though the birds were
part of the breeding population in the SPA. The relatively low proportion (16%) of birds recorded
in the zone potentially occupied by the turbines provided the same minor adverse significance as
for Sandwich Tern.

Monitoring within any programme devised for Sandwich Terns may determine the nature of any
residual effects should they occur.

8.9.3 Impacts on key species of high sensitivity
8.9.3.1 Little Gull

The high proportion (54%) of birds on the surface was thought to result from birds breaking
passage under unfavourably calm conditions. With no feeding activity ever observed there was
little specific use of the wind farm and buffer area by foraging birds. The significance of
disturbance and displacement during construction and operation was considered to be negligible.

Only a low proportion (10%) of birds were recorded in the zone potentially occupied by the
turbines and the risk of collision was deemed to be of negligible significance.

In conclusion, the presence of a wind farm at the proposed Sheringham Shoal site is unlikely to
have a detectable negative impact on Little Gulls.
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8.9.3.2 Razorbill

With the peak period of occurrence in October, when construction activity is likely to reduce due
to adverse weather, disturbance during construction was deemed to be negligible. With evidence
of disturbance from boats (Garthe & Hiippop 2004), the effect of displacement in the longer term
during operation was assessed as of minor adverse significance.

With the complete lack of birds within the range of turbine blades, it was concluded there is a
negligible risk of individual mortality through collision.

8.9.4 Impacts on key species of medium sensitivity
8.9.4.1 Gannet

With little specific use of the wind farm and buffer area by foraging birds (<1% feeding), there
was a negligible significance of disturbance during construction and a negligible significance of
displacement during operation.

Only a low proportion (10%) of birds were recorded in the zone potentially occupied by the
turbines and the risk of collision was considered to be negligible.

In conclusion, the presence of a wind farm at the proposed Sheringham Shoal site is unlikely to
have a detectable negative impact on Gannet.

8.9.4.2 Lesser Black-backed Gull

With no specific use of the wind farm and buffer area by foraging birds, there was a negligible
significance of disturbance during construction and negligible significance of displacement during
operation.

A highly precautionary approach to assessment was conducted as though the birds were part of
the local breeding population. The moderate proportion (27%) of birds recorded in the zone
potentially occupied by the turbines did not greatly influence the risk of collision, which was
concluded to be negligible.

In conclusion, the presence of a wind farm at the proposed Sheringham Shoal site is unlikely to
have a detectable negative impact on Lesser Black-backed Gull.

8.9.4.3 Guillemot

Guillemots showed negligible active use of the study area (1 feeding record) and passed through
rapidly. Without specific use the impact of temporarily disturbance during construction was
deemed to be negligible. Given the availability of alternative areas the impact of displacement in
the longer term during operation was assessed as minor adverse.

With the complete lack of birds within the range of turbine blades, it was concluded there is a
negligible risk of individual mortality through collision.

8.9.5 Cumulative impacts

As a result of a lack of shared species of concern or a low significance level attached to the
impacts of the consented Round 1 sites at Lynn & Inner Dowsing and Norfolk (Cromer), no
cumulative impact over and above that determined for the proposed development at the
proposed Sheringham Shoal site itself were anticipated.

8.9.6 Overall conclusion

Seven key species were subject to detailed impact assessment. This concluded that no single
species would be likely to incur impacts that would require revision of the worst-case scenario of
the proposed development.

May 2006 Scira Offshore Energy Ltd. Page 249 of 722



However, the potential for a significant impact upon Sandwich and Common Terns was noted.
Although the significance of the impact has been integrated in the layouts of the wind farm by
incorporating corridors between turbines in the main flight direction of the terns, even without
such mitigation the significance of the impact displacement and barrier effect upon Sandwich and
Common Terns is predicted to be of minor adverse significance at most, and therefore of limited
concern.

The nature and magnitude of any residual impact upon any species of concern, is best assessed
through a rigorous monitoring programme. This will inform any necessary changes in operational
procedure to further mitigate any impact and to allow the impact of other Round 2 developments
in the Greater Wash to be better assessed. In general terms, monitoring may readily include a
tailored programme of boat-based surveys to cover all species of concern. Any impacts upon
Sandwich terns, which are the primary species of concern, is likely to also require a more specific
programme of monitoring.
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9 Marine Ecology

9.1 Introduction

This section describes the benthic biological resource of the Sheringham Shoal offshore wind
farm (Sheringham Shoal project) and wider study area. Baseline conditions with respect to
benthic infaunal and epifaunal assemblages are presented and discussed. Against this baseline,
an assessment of the potential impacts associated with the construction, operation and
decommissioning of the Sheringham Shoal project and export cables routes is made, along with
an assessment of the cumulative impacts in combination with other activities and proposed
projects occurring in the wider study area.

Impacts associated with the Natural Fish Resource and Commercial Fisheries are described in
Sections 10 and 12 respectively.

9.2 Assessment methodology

Info on the marine biological resource of the near shore environment of The Wash and north
Norfolk coast and the southern North Sea is readily available. General descriptions of the
habitats and species assemblages present are available from a number of sources including,
inter alia, Allen (2000) and Ellis and Rogers (1999) as well as a range of Environmental
Statements produced for other offshore wind farm projects (e.g. Lewis et al., 2002 and Royal
Haskoning, 2002) and aggregate dredging licences (e.g. Entec, 1999 and 2003). Such
information sources have been drawn upon in this section to support the establishment of
baseline conditions. However, in isolation, this information does not provide a detailed enough
foundation upon which to undertake an assessment of the potential impacts of the Sheringham
Shoal project. Detailed site specific studies have also, therefore been commissioned and the
results fed into the Environmental Impact Assessment (EIA) process. These are described
below.

9.2.1 Acoustic, video and grab survey

Prior to carrying out the intrusive surveys for infauna and epifauna, commissioned specifically to
describe the benthic communities within the study area, Envision Mapping Limited (Envision)
was commissioned to provide a determination of major bedform and sediment categories and
conspicuous faunal communities (Sotheran et al., 2005), in order to ensure that suspected
sensitive areas could be avoiding during infaunal and epifaunal sampling. Specifically, the
purpose of the initial survey was to:

o Identify the occurrence of S. spinulosa and, if present, describe the extent of development of
reef communities likely to be of conservation importance;

o Identify other benthic habitats that might be sensitive to the construction and operation of an
offshore wind farm;

e Survey the seabed bathymetry of the study area;

o Collect geophysical data using a sub-bottom profiler for seabed geological mapping; and
e Collect sidescan sonar data for seabed mapping and geological interpretation.

To achieve these objectives, a range of acoustic techniques were used including:

e Acoustic Ground Discrimination System (AGDS) to measure sediment characteristics and
water depth at a coarse resolution;

o Swath bathymetry for detailed 100% coverage of the depths of the seabed; and
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e Sidescan-quality images of the seabed for the description of seabed features.

Following completion of the acoustic, video and grab survey, the site specific infaunal and
epifaunal surveys were carried out with the following objectives in mind:

e characterisation of the subtidal macrofauna;
e characterisation of the epibenthic communities;

e post survey assessment of the status of any Sabellaria spinulosa found and identification of
any reef structures and areas of notably high density;

e identification of potential herring spawning grounds; and
e identification of areas of dense M. modiolus.

The assessment and methods utilised were in compliance with the DEFRA Guidance note for
Environmental Impact Assessment in respect of FEPA and CPA requirements (Version 2 — June
2004). In addition, all methodologies were agreed with CEFAS prior to initiation.

Following the completion of the analysis of the infaunal samples, a second video survey was
carried out at certain locations that could support dense aggregations of S. spinulosa. The
purpose of this survey was to ascertain the presence/absence of potentially sensitive reef
structures. The drop down video system comprised a digital video camera with lighting fitted
within a water filled box and frame. This arrangement permitted seabed footage to be collected in
the very turbid waters within the area as it provided a column of clear water between the camera
lens and the seabed (Emu 2006).

9.2.2 Intertidal walkover

A site visit was undertaken involving a visual observation of the intertidal zone within the potential
impact area for cabling. The intertidal zone near Weybourne Hope comprises a shingle beach
backed by a steep shingle bank. The shingle beach is highly mobile and, as such, does not
provide a suitable habitat for species colonisation and can be described as barren or highly
impoverished. Due to the limited potential for significant adverse impacts to occur in this area, a
more detailed survey was not considered necessary.

9.2.3 Subtidal benthic grab survey

The survey was designed to characterise the subtidal infauna and sediments present within the
proposed turbine site, cable route and adjacent waters to the east and west of the development
area, in order to account for tidal excursion. In addition, sampling stations were included to act as
control sites to enable future monitoring of un-impacted areas and to enable assessment of the
level of impact within the development site. Stratified sampling was carried out with sampling
stations being chosen based on a grid system. Guidance documents (Boyd, 2002; CEFAS, 2004)
were used to determine the sampling strategy which was then agreed by CEFAS.

Macrofaunal sampling was carried out at 54 subtidal stations, using a standard 0.1m? Day grab
(Figure 9.1) with three replicate samples being taken at 25 of these stations and one replicate
sample being taken from the remaining 29 stations. This was to enable adequate spatial
coverage (ensuring that representative sampling of the different habitats was carried out) whilst
allowing statistical comparison with future data sets (e.g. post construction monitoring) to
determine the level of any impact. Replicate sampling at these stations also allowed an
assessment of the degree of variability within the benthic communities to be made (between and
within sites). Further information on the survey methodology is provided in Appendix 9.2.

9.2.4 Subtidal epibenthic survey

A series of trawl routes were identified (see Figure 9.2), following consultation with CEFAS. A
total of 24 trawl routes were chosen (including four controls) to ensure spatial coverage of the
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proposed development area, the cable route and the predicted tidal excursion. Sampling was
carried out in April 2005, with dispensation to use trawl gears within the site from both the
Eastern Sea Fisheries Joint Committee (ESFJC) and the Department of Environment Food and
Rural Affairs (Defra). Epifaunal sampling was carried out for 5 minutes at each location, using a
2m beam trawl with a 10mm mesh and a 6mm cod end liner. Further details of the sampling
methodology are provided in Appendix 9.1.
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9.2.5 Data analysis

Univariate and multivariate analysis of collected data was carried out using the software
packages PRIMER v.5 and SPSS v.12, in order to provide information on species abundance,
diversity and evenness and to determine any similarities between samples and groupings of
communities/species.

A more detailed discussion of the statistical tests employed in the analysis is given in Appendix
9.3.

9.2.6 Sediment chemistry

Sampling stations for the collection of sediments for chemical analysis were identified through
discussion with CEFAS. Five locations were identified within and around the proposed cable
corridor. Samples were only taken in the nearshore environment, as it was agreed that the
potential for historical contamination in the wind farm area was limited, given the prevailing
sedimentary and hydrodynamic regime and the lack of fine material to which contaminants could
bind. The sample locations chosen were 7, 22, 23, 24 and 29 (see Figure 9.1).

The five sediment samples were analysed by ALcontrol Laboratories in Rotherham UK. To
extract the metals from the sediment samples, air-dried and milled sediment samples were
digested with a 3:1 mixture of hydrochloric and nitric acid. The samples were then filtered to
remove remaining particles prior to analysis. The measurement of metal concentrations was
determined by Inductively Coupled Plasma - Mass Spectrometry (ICPMS), using a Varian
Ultramass. See Table 9.3 for a list of determinands tested.

9.2.7 Impact Assessment

The significance level (negligible — major adverse or beneficial) of identified impacts are shown in
bold in Sections 9.4 - 9.6 and are considered to be the residual impact following successful
implementation of the cited mitigation measures, good construction or operational practice, or
relevant regulations and guidelines.

Assessment of the ecological significance of the various effects upon benthic communities relies
on defining the sensitivity of the communities and the magnitude of any negative effect. These
are combined within matrix analyses to derive the level of significance of any impact. This
process is based on the Environmental Assessment Regulations (1999) and on the Institute of
Environmental Assessment Guidelines (1995).

Significance is interpreted as defined in Table 8.5 with the major adverse significance levels
implying unacceptable effects possibly requiring changes to the nature of the proposed
development. In contrast, moderate adverse significance would imply potentially significant
impacts, but which may be alleviated through mitigation. Minor adverse and negligible
significance require no action other than best practice in design and implementation. The
methodology assesses the nature of negative impacts, although neutral or positive impacts may
be included within the minor and negligible categories.
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Table 9.1 Matrix of magnitude of effect and sensitivity used to assess the level of significance of each
contribution. Shaded cells indicate impacts of some or serious concern (as defined in table 8.6).

‘ Sensitivit
 lveyhigh lHgh | Medum
Major Major ‘ Major ‘ Moderate
. Major Major ‘ Moderate ‘ Minor
Magnitude

Major Moderate ‘ Minor Minor

Moderate Minor Minor Negligible

Negligible

Negligible Negligible Negligible

Table 9.2 Interpretation of significance categories.

Negligible The impact is not of concern.

Minor adverse The impact is undesirable but of limited concern.

Moderate adverse | The impact gives rise to some concern but it is likely to be tolerable
(depending upon its scale and duration).

Maijor adverse The impact gives rise to serious concern; it should be considered
unacceptable.

9.3 Description of the existing environment

9.3.1 General Characterisation of wider survey area.

The southern North Sea is characterised by shallow water, large seasonal temperature
fluctuations, relatively low salinity, strong tidal currents and highly mobile substrata (Jennings et
al., 1999). The substratum is largely composed of coarse sediments (Covey, 1998; Allen, 2000)
with a large anticlockwise gyre being the main mechanism of sediment re-distribution (Ducrotoy
et al., 2000). Due to these strong tidal currents, wave action and during storms, sediment re-
suspension is frequent and, consequently, turbidity is high (Allen, 2000). The nature of the
benthic communities reflects these dynamic environmental conditions with community structure
being a function of depth, physical processes and anthropogenic influences (Glémarec, 1973).
Between Sheringham and West Runton, isolated stretches of chalk bedrock extend into the
subtidal, representing the only significant area of hard substrata along the coast (Covey, 1998).
The distribution of exposed chalk in coastal areas is extremely limited in Europe and, within the
British Isles, is largely confined to the south and east coasts of England (George et al., 1995).
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Broadscale ecological studies showed the dominant infaunal species in this region to be the
polychaete Nepthys cirrosa, the echinoderm Echinocardium cordatum and the amphipod Urothoe
poseidonis (Kunitzer et al., 1992). Jennings et al. (1999) found the free-living epibenthos to be
characterised by the echinoderms Ophiura ophiura and Asterias rubens and the decapods
Pagurus bernhardus, and Liocarcinus holastus. Dominant sessile species included the hydroids
Hydractinia echinata, Hydrallmania falcata and Sertularia argentea, the bryozoans Electra pilosa
and Flustra foliacea and the soft coral (Alcyonaria) Alcyonium digitatum. Other species which
appear to be widespread throughout the area include the polychates Sabellaria spinulosa,
Caulleriella zetlandica and Lanice conchilega, the decapod Pisidia longicornis and Ampelisca
spp. (amphipoda) (Duineveld et al., 1991; Covey, 1998; Kenny & Rees, 1994; Kenny & Rees,
1996; Kenny et al, 1998; Allen, 2000; Lewis et al., 2002; Sotheran et al., 2005; Proctor et al.,
2006).

Duineveld et al. (1991) found a shallow coarse sand community characterised by the
polychaetes Ophelia borealis, Scoloplos armiger and Pisione remota and the echinoderm
Echinocyamus pusillus to be present offshore of Lincolnshire and East Anglia. Further north, off
the Yorkshire coast, the sediments were finer with the communities being characterised by the
polychaetes Magelona papillicornis and Spiophanes bombyx, the horseshoe worm Phoronis
spp., the amphipod Bathyporeia elegans, and the bivalve Tellina fabula. Dominant epifaunal
species in the southern North Sea included Crangon crangon (decapoda) and the bryozoan
Alcyonidium gelatinosum.

Smaller scale ecological studies within the area have largely been concentrated around the
intertidal areas of estuaries and marine inlets, areas where human pressures are greatest with
relatively little work being carried out in inshore subtidal areas (Covey, 1998). In offshore areas,
extensive aggregate extraction areas exist between the Humber estuary and north Norfolk and
as a result, data from a considerable number of monitoring surveys are available. Characteristic
species found in the area include Balanus crenatus (barnacle), Dendrodoa grossularia
(Ascidiacea) and F. foliacea (horn wrack). Other widespread species included Pisidia longicornis
and S. spinulosa (Covey, 1998; Kenny & Rees, 1994; Kenny & Rees, 1996; Kenny et al, 1998).
Diver observations have also revealed clumps of the horse mussel Modiolus modiolus (Covey,
1998).

Ellis & Rogers (1999) recorded over 75 subtidal epifaunal species from sandy gravels in the East
Anglia area, the most commonly occurring including Liocarcinus holastus, Asteria rubens and
Pandalus montagui. Other common species included Alcyonidium diaphanum and Sabellaria
spp. Allen (2000) found the benthic communities within the coarse to medium sands of the Race
Bank area (to the north east of the north Norfolk coast) to be dominated by S. spinulosa, which
represented 22% of the community, with the amphipods Ampelisca diadema and A. spinipes, the
polychaetes L. conchilega and Spiophanes bombyx and the decapod P. longicornis also being
commonly recorded.

Specifically within the Sheringham Shoal area, acoustic and video surveys carried out by
Sotheran et al. (2005) showed the sediments within the proposed turbine site to be mixed and
largely composed of cobbly, shelly sand and gravelly sand with a limited number of sites being
sandy. Along the proposed cable route, the sediments were finer, mainly being composed of
gravelly sand and sand. Dominant infaunal species included S. spinulosa, P. longicornis,
Molgulidae, D. grossularia and C. zetlandica with two major biotopes being present —
SS.SBR.PoR.SspiMx (sparse or moderately dense crusts of S. spinulosa on circalittoral mixed
sediment) and SS.SCS.ICS (infralittoral coarse sand). The sedimentary environment around the
proposed wind farm site was described as a level area of cobbly shelly sand, partly overlain by a
series of large sand waves running from the north west to the south east. The area was classed
as being hydrodynamically active with characteristically species poor communities.
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To the east, offshore of Cromer, Royal Haskoning (2002) found a community dominated by S.
spinulosa with L. conchilega and P. longicornis also being widespread. The epifauna was largely
dominated by the crustaceans P. montagui and Crangon crangon. In the inshore area,
approximately 2km off the coast of West Runton (approximately 2km to the east of Sheringham),
George et al. (1995) reported an area of flint cobbles and pebbles, with occasional large flint
boulders, colonised by several species of hydroid, Pomatoceros triqueter, several suspension
feeding polychaete species, including L. conchilega, Polydora spp. and Sabellaria spp. The
barnacle Verruca stroemia, the mollusc Crepidula fornicata and the brittlestar Amphipholis
squamata were all commonly recorded. Additionally, 47 species of bryozoan were recorded.

9.3.1.1 Biogenic reefs

S. spinulosa is a suspension feeding polychaete which constructs and inhabits tubes made of
sand attached to cobbles and stones. Whilst it is generally a solitary species, it can form raised
‘biogenic’ reefs on the seabed of up to several meters across and up to 60cm in depth (Northern
Ireland Habitat Action Plan, 2005). Such reefs lead to stabilisation of mobile cobble, pebble and
gravel substrata, providing a consolidated habitat and increasing habitat heterogeneity, thus
allowing a range of epibenthic species together with specialised ‘crevice infauna’ to become
established. Such species would otherwise be absent and S. spinulosa is therefore classed as a
key structuring species which can considerably increase species the diversity of an area (Holt et
al., 1998; English Nature, 1999a). S. spinulosa reefs are classed as a priority habitat under the
UK Biodiversity Action Plan (UK Biodiversity Group, 1999) and are included as a sub-feature of
other Annex 1 habitats under the Habitats Directive (92/43/EEC) (UK Biodiversity Group, 1999;
Allen et al., 2002).

The main environmental requirement of this species is a good supply of suspended sand, a firm
substratum to which it can attach itself and it is generally most successful in areas of mixed
sediment. Well developed reefs are typically found in areas of high turbidity, usually in subtidal
regions to depths of approximately 40m (Northern Ireland Habitat Action Plan, 2005). Despite its
wide geographical distribution, S. spinulosa rarely forms large reefs and more commonly occurs
as solitary individuals or small groups encrusting pebbles, shell and rock (English Nature,
1999a). However, S. spinulosa is particularly widespread in the North Sea and the reefs in
certain areas of the Wash and north Norfolk coast area are considered to be particularly well
developed (Wilson, 1970; UK Marine SAC Project, undated). Although numbers of S. spinulosa
were found in the area, it is considered that the numbers do not constitute a biogenic reef
community (see Section 9.3.3.2)

Other biogenic reefs are composed of horse mussel beds (Modiolus modiolus) which forms
dense beds at depths of 5-70m in full salinity, moderately tide-swept areas (English Nature
1999b). English Nature (1999b) state that whilst Modiolus beds are widespread off northern and
north western parts of Britain, true beds are not known to occur to the south of the Humber and
only occasional beds have been reported between Berwickshire and the Humber. No Modiolus
beds were found in the area.
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9.3.1.2 Sediments

The seabed sediments collected across the site were largely comprised of coarse to medium
sands with varying percentages of gravels and pebbles. The overall composition of sediments
within samples were highly variable and poorly sorted, in terms of the range of particle sizes
present. The finest sediments, with the highest sand content were found at stations 2, 7, 22, 26
and 30. At these sites the gravel content, determined by particle size distribution (PSD), was 0%.
The coarsest sediments were found at stations 9, 42, 33 and 34, which all contained over 55%
gravel. In general, the coarsest sediments were found in the northern area of the wind farm
boundary, with coarse to medium sands dominated the proposed export cables routes.
According to the classification of Folk (1954), the majority of sediments in the wind farm area fall
into the category of sandy gravels (sG) or muddy sandy gravels (msG) while the sediments to the
south of the wind farm area and the export cables routes would be classified as sands (S),
slightly gravely sands ((g)S) or gravely sands (gS). The sediment classification analysis data is
presented in Appendix 9.4.

Silt and organic content was low at all sites, with highest recorded organic content values
corresponding to sediments with the highest silt content. The minimum silt content was 0% at
those stations with high gravel and sand content, together with stations 2, 10, 12, 24, 39, 47, 50,
52 and 53. A maximum value of 21% was recorded from station 46. Organic content ranged from
a minimum of 0.5% at station 48 to a maximum of 2.6% at station 46.

The percentage of gravel (2-64mm), sand (0.063-2mm) and silt & clay (<0.063mm) recorded at
stations within the study area are presented in Figure 9.3. The distribution of sediment types
within the study area is presented in Figure 9.4.
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9.3.1.3 Sediment chemistry

In the UK, no environmental quality standards for sediment chemistry exist, other than the
determinand levels used by CEFAS in relation to the disposal of dredged materials at sea.
Therefore, for the purposes of having determinand concentrations against which an assessment
of potential impact significance can be made, the ‘Canadian Sediment Quality Guidelines for the
Protection of Aquatic Life” have been used. These guidelines were published by the Canadian
Council for Ministers of the Environment (CCME) in 1999 and updated in 2001. The purpose of
the guidelines is to provide scientific benchmarks for evaluating the potential for observing
adverse biological effects in aquatic systems. The guidelines have been derived from available
toxological information, reflecting the relationships between sediment concentrations of
chemicals and any adverse biological effects resulting from exposure to these chemicals.

The guidelines comprise two assessment levels. The lower level is referred to as the threshold
effects level (TEL) and represents a concentration below which adverse biological effects are
expected to occur rarely. The higher level, known as the probable effect level (PEL), defines a
concentration above which adverse effects are expected to occur frequently. The TELs and PELs
are used to identify the following three ranges of chemical concentrations:

o Below the TEL: the minimal effect range within which adverse effects rarely occur i.e. less
than 25% of effects;

o Between the TEL and PEL: the possible effect range within which adverse effects
occasionally occur; and

e Above the PEL: the probable effect range within which adverse effects frequently occur i.e.
more than 50% of effects.

According to the CCME, the TEL is consistent with the definition of a Canadian sediment quality
guideline (SQG) and the PEL is recommended as an additional sediment quality assessment tool
for identifying sediments in which adverse biological effects are more likely to occur.

The Canadian guidelines do not include effects levels for nickel, a metal commonly found in the
marine environment. However, for sediment quality guidelines for the disposal of dredged
material at sea, it is assumed that a concentration below 100mg/kg would not be of concern
(CEFAS, 2001). The results of the chemical analysis are presented in Table 9.3, along with the
SQG and PEL for each determinand.
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Table 9.3: Determinand concentrations of five grab stations and Canadian sediment quality guideline values (SQG
and PEL)

Determinand | ST7  ST22 | ST23 ST24 ST20  Mean  SQG

PAH Compounds

Acenaphthene (ug kg™ <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 6.71 88.9
Acenaphthylene (ug kg™) <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 5.87 128
Anthracene (ug kg™') <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 46.9 245
Benzo(a) Anthracene (ug kg™) <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 74.8 693
Benzo(a) Pyrene (ug kg <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 88.8 763
Chrysene (ug kg™ <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 108 846

Dibenzo(a,h) Anthracene (ug kg”") | <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 6.22 135

Fluoranthene (ug kg™ <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 113 1,494
Fluorene (ug kg™") <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 21.2 144
Naphthalene (ug kg™) <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 34.6 3941
Phenanthrene (ug kg™ <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 86.7 544
Pyrene (ug kg”') <0.35 <0.33 <0.34 <0.29 <0.3 <0.3 153 1,398
Total PAH (ug kg™) <5.25 <4.95 <51 <4.35 <4.5 <0.3 <4.5 <0.3
Metals

Arsenic (mg kg'1) 10.2 1.5 20.9 12.6 12.7 13.6 7.24 41.6
Cadmium (mg kg™ <0.06 <0.06 1.21 0.08 <0.06 0.3 0.7 4.2
Chromium (mg kg'1) <5 <5 11 8.78 8.1 7.6 52.3 160
Chromium (V1) (mg kg™ <10 <10 <10 <10 <10 <10 n/a n/a
Copper (mg kg™') <5 <5 19.7 <5 <5 <7.9 18.7 108
Lead (mg kg™") 8.58 6.3 25.2 9.67 9.75 11.9 30.2 112
Mercury (mg kg™ <0.15 <0.15 0.17 <0.15 <0.15 <0.2 0.13 0.7
Nickel (mg kg™") 2.89 3.14 12.3 6.41 5.75 6.1 n/a n/a
Zinc (mg kg™) 20.7 21.7 118 30.3 32.1 446 124 271

N.B. Units in underlined text represent elevated concentrations.

Table 9.3 show that although levels of arsenic were elevated at all stations sampled, and
mercury was elevated at one station, both were well below the PEL (see Section 9.4.3 for
discussion of results).
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9.3.2 Subtidal benthic biological resource
9.3.2.1 Infauna

The biological resource was highly variable across the survey area, reflecting the variable and,
possibly mobile or frequently disturbed, nature of the seabed sediments. The mean number of
infauna species ranged from two at station 48 to 72 (maximum of 80) at station 19 with the
lowest number of species being recorded from sand dominated areas, primarily in the south
eastern region of the wind farm site and along the export cables routes. The richest sites, where
more than 55 species were recorded, were generally in the north western part of the survey area
and were largely located outside of the wind farm boundary (see Figure 9.5).

Mean abundance values ranged from two individuals/0.1 m? at station 48 to 391 individuals/0.1m?
at station 19 (see Figure 9.6), although the maximum recorded abundance was from station 29.
Low abundances (less than 10 individuals/0.1m?) were generally recorded from the sandy areas
to the south, in the area of the cables routes, and corresponded to sites where low numbers of
species were recorded. Similarly, the highest abundances were recorded in the areas of greatest
species richness to the north west.
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Figure 9.5 Geographical distribution of number of species (infuana)
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Shannon-Weiner diversity (H')'® was highest at station 5 (mean H’=5) with diversity being greater
than 4 at the majority of sites (see Figure 9.7). The lowest value (with the exception of station 26)
was 1 (station 48), with H’ values of less than 2.5 generally being recorded within the sandier
areas to the south.

Mean Pielou’s evenness (J))'" values ranged from 0.6 at station 43 to 1 at station 48 with most
values being greater than 0.7. These values, together with the low abundance ratio (A/S) indicate
an even spread of the individuals between the species and that the communities are not
dominated by one or very few species.

The highest densities of Sabellaria spiniulosa were associated with the mixed sediments in the
north. Mean densities of over 100 individuals/0.1m? were only recorded at six sites, with the
highest mean density being recorded from station 43 (123 individuals/0.1m? - the mean value of
the triplicate samples with respectively 220, 81 and 69 individuals/0.1m?), to the east of the
preferred direct cable route (see Figure 9.8).

A total of 267 species were recorded from the survey area as a whole, which were highly variable
in their abundance and distribution. The top 80% of the community was composed of 35 species
and was dominated by the polychaete S. spinulosa, which accounted for 26% of the whole
community (see Appendix 9.5) and was present, in abundances ranging from 1 to 220
individuals/0.1m?, at 47 of the 54 sites. Other species present in significant abundances included
the decapod Pisidia longicornis, the polychaetes Polycirrus spp., Eumida sanguinea,
Pomatoceros lamarcki, Caulleriella zetlandica, Pholoe inornata, Aonides paucibranchiata, the
sipunculan Golfingiidae and the amphipods Ampelisca diadema and Urothroe elegans.
Nematodes and Nemertea were also present in significant numbers with the only abundant
mollusc species being the bivalve Nucula nucleus. Collectively, these species accounted for 60%
of all organisms found throughout the area.

The dominant phyla were the annelids (principally the polychaetes), crustaceans and molluscs,
each representing 61%, 20% and 10%, respectively (see Figure 9.9). The most abundant
crustaceans were amphipods and decapods, collectively accounting for 98% of the organisms
found within this class (Figure 9.10). As described above, U. elegans, Ampelisca spp. and
Leptocheirus hirsutimanus were the most abundant and widespread amphipod species with P.
longicornis being the most abundant decapod. The molluscs were dominated by the pelecypoda
(bivalves) accounting for 63% and the prosobranchia (gastropods) accounting for 29% of the
organisms in this class. Commonly occurring species included N. nucleus, Spisula solida, Abra
alba and Mya truncata. Other groups accounted for only 8%.

'® Shannon-Weiner diversity is a measure of the species richness of a sample (humber of species)
and the distribution of the number of individuals in each species (how evenly they are distributed).
"9 Pielou’s evenness is the Shannon-Weiner diversity (H’) divided by species richness.
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Figure 9.10  Proportional representation of the major classes within the dominant phyla based on quantitative
data.

Multi Dimensional Scaling (MDS), using square root transformed data, showed three distinct
groups of sites (see Figure 9.10), the most impoverished, in terms of the number of species and
abundance, being in group 1. Group 3 stations had comparatively low numbers of species and
individuals, generally found in fairly homogenous medium sands. The majority of the stations
were in group 2, with mixed sediments where species abundance and diversity was highly
variable and it was not considered appropriate to class them as being similar. Cluster analysis
was therefore used in order to identify a more refined set of sub-groups.

Cluster analysis (using square root transformed data) reflected the variability in the distribution of
the species throughout the area but allowed broad classification of the sampling stations into 12
major groups or community types (see Figure 9.11). Due to the variability in the data, similarity
between stations was generally less than 40% and only rarely greater than 60%. Of these,
groups 4 (stations 5 and 54) and 5 (stations 4, 15, 18, 19, 21, 43 and 45) contained the greatest
mean number of species (49 and 59, respectively) and were largely situated in the north west of
the area. Groups 1 (stations 26 and 48) and 11 (stations 7 and 22) containing only 1 and 7
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species, respectively. Group 5 also had the greatest mean number of individuals (374/0.1m™)
with 210/m™ being present within group 6 (stations 9, 11, 14, 23 and 51). Again, groups 1 and
11 had the lowest mean abundance with values of 1 and 9.5, respectively. The communities
within groups 4 and 6 were the most diverse (H' = 4.8 and 4.6, respectively) with groups 1
(H'=0.5) and 11 (2.1) being the least diverse. The mean Abundance ratio (A/S) is low for all
groups (maximum of 6.5 for group 5) indicating a spread of the individuals between the species
and that none of the communities are dominated by one or very few species. This is also
demonstrated by the high evenness values (J') which are 0.7 (groups 5 and 7) or above for all
groups.

Species compositions were variable between groups although the communities within groups 5,
6, 7, 7A and 8 were dominated by S. spinulosa with moderate abundances characterising groups
9, 9A and 10. This highlights the widespread distribution of the species. A more detailed
description of the composition of each community is given in Appendix 9.5 with a description of
the major biotopes being presented in this section.

9.3.3 Biotopes

In terms of the national biotope classification the majority of the communities found can be
classed as variants of the Sabellaria biotopes SS.SBR.PoR.SspiMx (Sabellaria spinulosa on
stable circalittoral mixed sediment) (see Table 9.4 and Figure 9.11). Characterising species
include typical sublittoral polychaetes such as Sabellaria spinulosa, Protodorvillea kefersteini,
Pholoe synophthalmica, Harmothoe spp., Scoloplos armiger, Mediomastus fragilis, Lanice
conchilega and cirratulids. Bivalve species, such as Abra alba, tube dwelling amphipods (e.g.
Ampelisca spp.) and a number of bryozoan species, calcareous tubeworms, pycnogonids and
hermit crabs are also usually present. S. spinulosa abundance was relatively low at a number of
sites making these communities difficult to classify. A number of them are likely to be either
impoverished forms of the above Sabellaria biotopes, or classified as SS.SCS.ICS (Infralittoral
coarse sediment).

A significant number of stations had communities belonging to the SS.SCS.CCS.MedLumVen
biotope (Mediomastus fragilis, Lumbrineris spp. and venerid bivalves in circalittoral coarse sand
or gravel) (see Figure 9.13). This biotope generally occurs in areas of relatively deep water (over
15-20m) in areas of circalittoral gravels, coarse to medium sands and shelly gravels, sometimes
with a small amount of silt. Typical species include Mediomastus fragilis, Lumbrineris spp., and
Echinocyamus pusillus (see Table 9.4). These sites were predominantly found close to the
Sheringham Shoal sandbank although this biotope was also present at a number of sites within
the proposed wind farm site.

Three other biotopes were present, each represented by one site only. SS.SCS.ICS.MoeVen
(Moerella spp. with venerid bivalves in infralittoral gravelly sand) was present at station 10 and is
characterised by Moerella spp, Glycera lapidum and venerid bivalves. This biotope is usually
present in areas of coarse sediment exposed to strong tidal streams. The grab sample from
station 26 did not contain any infaunal organisms and should most likely be classified as
SS.SSa.lFiSa.IMoSa (infralittoral mobile clean sand with sparse fauna). This biotope is
characterised by the general low abundance and diversity of infauna and is usually found in
medium to fine sandy sediments, in shallow water where dunes may have formed. Fauna which
may be found include opportunistic amphipods, Nepthys cirrosa and Eurydice pulchra. Finally,
the community at station 22 (the most inshore station) was classed as SS.SSa.lFiSa.NcirBat
(Nepthys cirrosa and Bathyporeia spp. in infralittoral sand).

The inherent variability and patchiness of the described communities is typical for habitats of
mixed coarse sediment, and in such areas the epifaunal community is often a better indicator of
community type and diversity than the infauna, particularly as such habitats are difficult to sample
quantitatively. It is likely that given the dynamic nature of the area the biotopes will vary over time
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in terms of species composition and abundance, although the broader biotope and habitat
complexes may be relatively consistent.

Table 9.4 Description of biotopes

Biotope code and

description
SS.SBR.PoOR.SspiMx

Sabellaria spinulosa on

stable circalittoral
mixed sediment

Characterisin Grab sample photo
species

Sabellaria spinulosa,
Protodorvillea
kefersteini, Pholoe
synophthalmica,
Harmothoe spp.,
Scoloplos armiger,
Mediomastus
fragilis, Lanice
conchilega,
cirratulids, Abra
alba, Ampelisca
spp., Flustra
foliacea,
Alcyonidium
diaphanum,
pycnogonids,
hermit crabs,
amphipods.

SS.SCS.CCS.MedLumVen

Mediomastus fragilis,
Lumbrineris spp. and

venerid bivalves in
circalittoral coarse
sand or gravel

M. fragilis, Lumbrineris
spp., Glycera
lapidum.
Echinocyamus
pusillus. Other
taxa may include
Nemertea, P.
kefersteini,
Owenia fusiformis,
Spiophanes
bombyx,
Amphipholis
squamata. Venerid
bivalves such as
Timoclea ovata,
Moerella spp. and
Glycymeris
glycymeris may

also be present.
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Table 9.4 Description of biotopes

Biotope code and

Characterising

Grab sample photo

description

SS.SCS.ICS.MoeVen

Moerella spp. with venerid
bivalves in infralittoral

gravelly sand

species

Moeralla spp. (typically

M. pygmaea, M.
donacina), Glycera
lapidum, Dosinia
lupinus, T. ovata,
Goodalia
triangularis,
Chamelea gallina,
nephtyd and
spionid
polychaetes and
amphipods.

SS.SSa.lFiSa.IMoSa

Infralittoral mobile clean
sand with sparse fauna

Nephtys cirrosa,

Eurydice pulchra,
Gastrosaccus
spinifer, Pagurus
bernhardus,
Liocarcinus
depurator,
Carcinus maenas,
Asterias rubens.
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Table 9.4

Biotope code and
description

SS.SSa.lFiSa.NcirBat

Nephtys cirrosa and

Bathyporeia spp. in

infralittoral sand.

Description of biotopes

Characterising

species

N. cirrosa, Bathyporeia

spp., Pontocrates
spp. (sometimes).
Magelona mirabilis
may be present in
more sheltered
areas,
Chaetozone
setosa is common
in coarser
sediments. Spio
filicornis, S.
martinensis and
Lanice conchilega
may be present,
together with
actively swimming
amphipods.

Grab sample photo

. Stress: 0.13

Figure 9.11  MDS plot (N transformed) based on the species composition of each site (site 26 excluded from the

analysis).
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Figure 9.12  Cluster analysis (N transformed) based on the species composition of each site, showing
biotopes..
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9.3.3.1 Epifauna

Analysis of the epibenthic communities was carried out on both quantitative data (actual
abundances) and qualitative data where the presence or absence of colonial or encrusting
species was recorded. Comprehensive characterisation of the fish communities is given in
Section 11, Natural Fisheries Resource.

Of the quantitative taxa, the decapod Pisidia longicornis was the most abundant, accounting for
21% of the individuals present. Overall, decapods represented 33% of the organisms recorded
(see Figure 9.14) with Necora puber, Pandalus montagui and Liocarcinus depurator commonly
occurring. The molluscs were the most abundant group, accounting for 38% of the individuals
found, with the most abundant and widespread species being the bivalve Musculus discors and
the gastropods Crepidula fornicata and Rissoa parva. Polychaetes represented 12% of the
community with S. spinulosa being the only species recorded. The sea spiders (pycnogonida),
principally Achelia echinata, and the Amphipods, principally Tritaeta gibbosa and Atylus
vedlomensis each represented 7% of the community.

The mean number of species across the area as a whole was 18 with a maximum of 40 being
recorded from trawl 17 (Plate 9.1) and a minimum of 8 from trawl 2. Abundance values ranged
from 12 (trawl 6) to 482 (trawl 15) with a mean value of 126. Pielous index of evenness was
greater than 0.5 for all trawls with the majority of values being 0.7 or greater. The abundance
ration (A/S) was low for all trawls and these two indices together indicate an even spread of the
individuals between the species. Shannon-Weiner diversity (H’) ranged from 1.7 (trawl 23) to 3.9
(trawl 19). The biological parameters and diversity of the epifauna were highly variable with the
coefficient of variation (%CV) ranging from 16% (H’ and J’) to 94% (abundance).

Plate 9.1 The content of epifaunal trawl 17.
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Figure 9.14  Proportional representation of the major phyla present based on semi-quantitative data.

Of the qualitative (encrusting and colonial species) taxa, the most widespread organisms were
the bryozoans, principally Amathia lendigera (present at all 24 trawl sites), Flustra foliacea,
Scrupocellaria reptans (present at 23 sites), Crisia aculeata, Electra pilosa (present at 22 sites)
and Vesicularia spinosa (present at 20 sites). This group accounted for 48% of the organisms
found (based on presence or absence in trawls) (Figure 9.15). Other key taxa included the
hydrozoa, accounting for 23% and being primarily represented by Hydrallmania falcata, Diphasia
sp. and Abietinaria abietinaria. The sponges (porifera) and the tunicates accounted for 12% and
11%, respectively, with Scypha ciliatum (porifera) and Ascidiidae, Diademnidae and Dendrodoa
grossularia being the most widespread species. The maximum number of species (44) was
recorded from trawl 17, with a minimum of 12 (trawl 8) and a mean value of 28. Other biological
parameters such as abundance and diversity indices cannot be calculated for qualitative data.

O PORIFERA

0O HYDROZOA
O ENTOPROCTA
@ CIRRIPEDIA

0O BRYOZOA

m TUNICATA

Figure 9.15  Proportional representation of the major phyla based on qualitative data (presence/absence).
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A small number of fish species were present in the trawl samples but did not exceed two species
or 7 individuals at any one trawl site, with the total number of individuals being 48 for the whole
area. These data are, therefore, not considered to be indicative of the fish communities present
in the area. A more detailed description of the fish resource is provided in Section 11.

A total of 11 fish species were caught from the area as a whole, the most common being Pogge
Agonus cataphractus (11 individuals in total). Others included Bull Rout Myoxocephalus
scorpius, pouting Trisopterus Iluscus, common dragonet Callionymus Iyra, lemon sole
Microstomus kitt and the sea snails Liparis liparis and L. montagui. These species are typical of
areas with stony/gravelly or mixed sediments. Other less common species such as dab Limanda
limanda, lesser weaver Echiichthys vipera, spotted ray Raja montagui and sole Solea solea are
more typical of sandy and muddy bottoms.

9.3.3.2 Biogenic reefs

Despite the ecological importance of S. spinulosa, the precise definition of a reef is still unclear
although Foster-Smith & Hendrick (2003) suggested that abundances of over 375
individuals/0.1m? was sufficient to constitute a reef distinct from other biotopes. Additionally, Holt
et al. (1998) used the following criteria to define biogenic reefs:

e The unit should be substantial in size (generally in the order of 1-2 m across, as a minimum),
and somewhat raised in order to disqualify nodule like and scattered, small aggregations
such as those commonly formed by S. spinulosa.

e The unit should create a substratum/biotope which is reasonably distinct and substantially
different to the underlying or surrounding substratum, usually with a greater availability of
hard surfaces and crevices on which flora and fauna can grow.

It should be noted, however, that dense aggregations of this species do not necessarily
correspond to the occurrence of a visible reef (Foster-Smith & Hendrick, 2003). S. spinulosa may
also form thin crusts which, although extensive in some cases, are ephemeral in nature. Strong
winter storms may cause the disappearance of these crusts with rapid recolonisation taking place
during calmer conditions. Such crusts do not form a stable biogenic habitat and establishment of
a rich associated community does not occur. They are therefore not considered to be true S.
spinulosa reefs (Foster-Smith & Hendrick, 2003).

The maximum density of S. spinulosa recorded during infaunal (grab) sampling in any one grab
was 220 individuals/0.1m? (station 43 sample A, mean density 123 ind/0.1m?) with mean
densities of over 100 individuals/0.1m? being found at six stations only. Mean densities at the
majority of sites (41 of the 54 stations) were less than 50 individuals/0.1m?. The highest densities
of S. spinulosa were found either outside or in the northwest corner of the proposed development
area (stations 4, 15, 18, 43, 44 and 45) (Figure 9.14).

According to the definition by Foster-Smith & Hendrick (2003), densities of S. spinulosa high
enough to constitute a reef were not found at any of the sampling stations and, at the majority of
stations, the S. spinulosa colonisation is considered to be of moderately low quality (in terms of
abundance).

As has been recorded during other surveys in the area (Sotheran et al., 2005; Allen et al., 2006),
the distribution of S. spinulosa is considered to be widespread, patchy and generally low in
abundance. Furthermore, it has only been found to exist in ‘low lying crust’ form. Sotheran et al.
(2005) reported a maximum abundance of 50-90 individuals/0.1m? from one site within the
proposed wind farm area and found densities of less than 20 individuals/0.1m? along the
proposed cable route. However, Sotheran et al. (2005) did not include sampling stations outside
the development area where the maximum density of S. spinulosa was found during the present
study. This highlights the patchiness of the distribution of S. spinulosa in this area.
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The spatial distribution of S. spinulosa recorded from the benthic survey was consistent with that
of the acoustic, video and grab surveys carried out by Sotheran et al. (2005). Both studies
recorded relatively high abundance of S. spinulosa in a few samples within the wind farm site,
although Sotheran et al. (2005) did not detect any significant densities outside this area. The
results of the infaunal sampling were also consistent with those of the epifaunal survey Mazik &
Proctor (IECS 2006) (see Appendix 9.6) with the highest density of S. spinulosa being recorded
from trawl site 17, close to the preferred eastern cable route. Given the relatively low density of
S. spinulosa in all other benthic samples and trawls, it is considered that the areas of elevated
abundance are predominantly comprised of clumps or encrusted communities, rather than
extensive reefs or crusts. Video and digital images of the seabed and grab samples appear to
indicate that this is typical of many areas within the Greater Wash region.

To confirm the benthic conditions, a dedicated drop down sub-sea video survey was conducted
at the four grab stations with the highest densities of S. spinulosa. Two station in the northwest
corner of the site (stations 4 and 18) and two stations east of the proposed cable route (station
43 and 44) were surveyed wih 5 video drops per location. This survey confirmed that S.
spinulosa was present in the form of crusts or clumps. These features were found to be patchy
within the substrate and did not form a continuous coherent feature (Emu 2006).

No other biogenic reefs or species with the potential to form biogenic reefs were encountered.
9.3.4 Intertidal

As described in Section 2, the preferred route for the export cables is to make landfall in the
vicinity of Weybourne Hope, with installation currently planned to involve ducting the cables
under the bank. The intertidal zone at Weybourne Hope comprises a shingle beach backed by a
steep shingle bank. The shingle beach is highly mobile and, as such, does not provide a suitable
habitat for species colonisation and can be described as barren or highly impoverished. Above
the high tide line there is limited shingle vegetation (see Section 21). Plate 9.2 and Plate 9.3
show the intertidal zone within the proposed landfall area.

Plate 9.2 The barren shingle beach at Weybourne Hope
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Plate 9.3 Proposed landfall site at Weybourne Hope (viewed from cliffs to the east)

9.4 Impacts during construction

9.4.1 Impacts due to habitat disturbance

9.4.1.1 Permanent loss of habitat and species in the footprint of foundations and
infrastructure

The installation of turbine foundations and associated infrastructure would result in the direct and
permanent loss of habitats and communities present within the footprint of the structures. The
size of the footprint would be dependant upon the foundation type selected. The range of
foundation options proposed, including the area of the footprint involved, is described in Section
2, Project Details. For the purposes of this assessment the worst case option would be gravity
based structures. The area of footprint for each wind farm layout option using gravity based
foundations is presented in Table 9.5 along with the percentage of seabed lost within the wind
farm and the area of the Greater Wash SEA of 13,100km? (as presented in BMT Cordah, 2003).

Table 9.5:  Area of seabed lost for each layout option (assuming use of gravity base structures)

45 0.0044 0.198 0.56% 0.0015%
63 0.0044 0.277 0.79% 0.0021%
70 0.0044 0.308 0.88% 0.0023%
88 0.0044 0.387 1.10% 0.0029%
108 0.0044 0.475 1.35% 0.0036%

N.B. Areas used in the calculation are based on the worst case scenario
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The wind farm site is characterised by a relatively level area of shelly sand and cobbles with
southeast to northwest running sandwaves. Typical of this area of the southern North Sea, the
seabed is hydrodynamically active and supports sediment types and communities that are
considered typical of the area and are consistent with studies carried out by Kenny & Rees
(1996), Entec (1999), Allen (2000) and Proctor & Mazic (2005). The survey results have revealed
that the mobile sand waves and other predominantly sandy substrates are essentially barren,
supporting a small number of errant polychaetes.

In general, the presence and abundance of species recorded within the wind farm area is highly
variable and reflects the sediment characteristics found throughout the site and the physical
conditions. Geophysical data (see Figure 2.8) shows the presence of mobile sand waves within
the site, generally corresponding with the impoverished samples.

The cluster analysis undertaken on the samples taken within and surrounding the proposed wind
farm site and cabling routes enable a classification of the species within the sampling stations
into 12 major groups or community types. The samples containing the highest number of species
and individuals occurred, generally, in the north west of the area surveyed and occurred within
the proposed wind farm site and in the surrounding area. There were five groups that were
approximately 45% similar to each other and were all dominated by S. spinulosa. These sites
were found within the proposed wind farm site and close to the preferred direct route for the
export cable, but were also found outside the proposed areas.

The areas of till that surround the sand sheet are comparatively richer than the mobile sand
areas, supporting moderate assemblages of S. spinulosa and other conspicuous epifauna, such
as crabs, tunicates, bryzoans and hydroids. S. spinulosa favours habitats close to dynamic sand
and, under the right conditions, can thrive, forming extensive biogenic reefs. However, within the
wind farm site and preferred direct export cable route, no evidence of biogenic reefs were
encountered, suggesting that the S. spinulosa in this area forms patchily distributed crusts and
has not formed an aggregation that would be classed as being of importance to nature
conservation.

Side scan sonar images were collected by Envision Mapping Ltd. (Sotheran at e/, 2005) and
again, did not indicate the presence of reef structures. Envision concluded that the wind farm site
contains no biological communities of conservation interest elevated above those of coarse and
mobile sediments typically found throughout this region. These results have also been discussed
with English Nature.

Given that the worst case scenario for loss of seabed within the wind farm area would be 1.35%
(magnitude of the effect is low), and that the sampling undertaken has revealed that the fauna
within the site consists of a mix of relatively sparse and moderately rich fauna, consisting of
species tolerant of a disturbed environment (sensitivity of the benthic community is low), it is
anticipated that the direct impact on benthic communities within the footprint of the Sheringham
Shoal project would be of negligible significance.

9.4.1.2 Direct impact through movement of construction plant

Direct disturbance to the seabed and the potential loss of associated species would arise through
the movement of construction vessels. The main cause of this impact would be the feet of the
jack up vessels and the anchor patterns required to secure vessels while involved in construction
operations. The potential footprint of such activities cannot be calculated in the same way as that
of foundation structures, as disturbance may occur in areas later occupied by the foundation or
scour protection and factors such as anchor drag (for anchor position v