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Glossary
Term Definition
Array Area The area in which the generation infrastructure (including Wind Turbine
Generators and associated foundations and inter-array cables), Offshore
Electrical Platform(s), and an interconnector cable will be located.
Baseline The status of the environment at the time of assessment without the
development in place.
Biotope A region of habitat associated with a particular ecological community.
Cumulative The combined Impact of the Proposed Development acting cumulatively with
impacts the impacts of several different projects, on the same single receptor/ resource.
Demersal Relating to the seabed and area close to it. Demersal spawning species are

those which deposit eggs onto the seabed.

Design Envelope

A description of the range of possible elements that make up the Proposed
Development’s design options under construction, as set out in detail in the
project description. This envelope is used to define the Proposed Development
for Environmental Impact Assessment (EIA) purposes when the exact
engineering parameters are not yet known. This is often referred to as the
“‘Rochdale Envelope” approach.

Developer

Muir Mhor Offshore Wind Farm Limited

Effect

Term used to express the consequence of an impact. The significance of an
effect is determined by correlating the magnitude of an impact with the
sensitivity of a receptor, in accordance with defined significance criteria.

Elasmobranch

Cartilaginous fishes such as sharks, rays, and skates.

Environmental

A statutory process by which certain planned projects must be assessed before

Impact a formal decision to proceed can be made. It involves the collection and

Assessment consideration of environmental information, which fulfils the assessment

(EIA) requirements of the EIA Directive and EIA Regulations, including the
publication of an Environmental Impact Assessment Report (EIAR).

EIA Directive European Union Directive 2011/92/EU of 13 December 2011 (as amended in

2014 by Directive 2014/52/EU).

EIA Regulations

Collectively the term used to refer to The Electricity Works (Environmental
Impact Assessment) (Scotland) Regulations 2017, The Marine Works
(Environmental Impact Assessment) Regulations 2007, and The Marine Works
(Environmental Impact Assessment) (Scotland) Regulations 2017.

Fish and shellfish
ecology

Fish and shellfish ecology encompasses the study of the fish and shellfish
species in the marine environment, the interactions between them and impacts
on the surrounding environment.

Fish and shellfish

The Fish and Shellfish Ecology study area is defined by a buffer which

ecology study encompasses the potential range of impacts on fish and shellfish receptors

area from the Proposed Development

Fish larvae The developmental stage of fish which have hatched from the egg and receive
nutrients from the yolk sac until the yolk is completely absorbed.

Floating The floating structures on which the Wind Turbine Generators are installed.

Foundations

Foundation The structures which anchor the Floating Foundations to the seabed,

anchors connected to the foundation mooring.

Habitat The Conservation (Natural Habitats, &c..) Regulations 1994, the Conservation

Regulations of Offshore Marine Habitats and Species Regulations 2017 and the

Conservation of Habitats and Species Regulations 2017




MUIR MHOR

OFFSHORE WIND FARM

O

Term Definition

Horizontal A method of cable installation where the cable is drilled beneath a feature
Directional without the need for trenching.

Drilling (HDD)

Impact An impact to the receiving environment is defined as any change to its baseline

condition, either adverse or beneficial.

Inter-array cables

Cables which link the Wind Turbines Generators to each other and the Offshore
Electrical Platform(s).

Interconnector
cable

Cable which links the Offshore Electrical Platforms to one another, allowing for
power to be transferred between the platforms.

Intertidal

The intertidal zone, sometimes referred to as the littoral zone, is the area where
the marine and terrestrial environments meet between the tide’s highest and
lowest points (between Mean High Water Springs (MHWS) and Mean Low
Water Springs (MLWS)). Intertidal ecology encompasses the substrate found in
that zone, as well as the flora and fauna there.

Landfall

The area between Mean MHWS and Mean Low Water Springs where the
offshore export cables are brought onshore.

Mitigation

Mitigation measures, or commitments, are commitments made by the Proposed
Development to reduce and/or eliminate the potential for significant impacts to
arise as a result of the Proposed Development. Mitigation measures can be
embedded (part of the Proposed Development design) or secondarily added to
reduce impacts in the case of potentially significant impacts.

Offshore
Electrical
Platform (OEP)

Offshore platform(s) consisting of High Voltage Alternating Current (HVAC)
equipment, details depending on the final electrical set up of the Project.

Offshore Export
Cable Corridor
(ECC)

The area within which the offshore export cables will be installed.

Offshore export
cables

The subsea electricity cable circuits running from the Offshore Electrical
Platform to the landfall which will transmit the electricity generated by the
offshore wind farm to the onshore export cables for transmission onwards to
the onshore substation and the national electrical transmission system along
with auxiliary cables such as fibre optic cables.

Offshore The proposed transmission infrastructure comprising: Offshore Electrical

transmission Platform(s) and associated foundations and substructures; the interconnector ,

infrastructure the offshore export cables; and the landfall area up to Mean High Water
Springs (MHWS).

Pelagic Any part of the water column (i.e., the sea from surface to bottom sediments)
that is not close to the seabed. Pelagic spawning species release their eggs
into the upper layers of the sea.

Project Muir Mhor Offshore Wind Farm — comprises the wind farm and all associated
offshore and onshore components.

Proposed The offshore Muir Mhor Offshore Wind Farm project elements to which this

Development

Offshore EIAR Report relates.

Receptor

A distinct part of the environment on which impacts could occur and can be the
subject of specific assessments. Examples of receptors include species (or
groups) of animals or plants, people (often categorised further such as
‘residential’ or those using areas for amenity or recreation), watercourses etc.

Spawning

The release or deposition of eggs and sperm, usually into water, by aquatic
animals

Subtidal

The region of shallow waters which are below the level of low tide (MLWS).
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Term Definition

Transboundary Transboundary impacts arise when impacts from the development within one

Effects European Economic Area (EEA) state affects the environment of another EEA
state(s).

Wind Turbine The wind turbines that generate electricity consisting of tubular towers and

Generator (WTG) blades attached to a nacelle housing mechanical and electrical generating
equipment.

Worst case A ‘worst case’ design scenario from then design envelope that would lead to

design scenario

the greatest impact for receptors or receptor groups.
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Acronyms
Term Definition
AC Alternating Current
BAC Background Assessment Concentration
BAP Biodiversity Action Plan
BGS British Geological Survey
BSL Benthic Solutions Ltd
CaP Cable Plan
CBRA Cable Burial Risk Assessment
CEA Cumulative Effects Assessment
Cefas Centre for Environmental, Fisheries and Aquaculture Science
CIEEM The Chartered Institute of Ecology and Environmental Management
DC Direct Current
DDFSB Dee District Salmon Fishery Board
DDV Drop Down Video
DECC Departments of Energy and Climate Change
Defra Department of Environment, Food and Rural Affairs
DP Decommissioning Programme
EC European Commission
ECC Export Cable Corridor
eDNA Environmental DNA
EEZ Exclusive Economic Zone
EIA Environmental Impact Assessment
EIAR Environmental Impact Assessment Report
EMF Electromagnetic Fields
EMP Environmental Management Plan
EU European Union
FeAST Feature Activity Sensitivity Tool
FOCI Feature of Conservation Interest
GW Gigawatt
HD Hydrodynamic
HRA Habitats Regulations Appraisal
HVAC High Voltage Alternating Current
IFISH Integrated Fisheries System Holding
INNS Invasive Non-Native Species
IUCN International Union for the Conservation of Nature
JNCC Joint Nature Conservation Committee
LSE Likely Significant Effect
MarESA Marine Evidence based Sensitivity Assessment
MarLIN Marine Life Information Network
MBES Multibeam Echo Sounder
MCAA Marine and Coastal Access Act
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Term Definition

MD-LOT Marine Directorate — Licensing Operations Team

MHWS Mean High Water Springs

MLWS Mean Low Water Springs

MMO Marine Management Organisation

MoU Memoranda of Understanding

MPA Marine Protected Area

MPCP Marine Pollution Contingency Plan

MPS Marine Policy Statement

MSFD Marine Strategy Framework Directive

MW Megawatt

NAS Noise Abatement System

NC MPA Nature Conservation Marine Protected Area

NEPS National Electrofishing Programme for Scotland

NERC Natural Environment and Rural Communities

NES LBAP Northeast Scotland’s Local Biodiversity Action Plan

NMP National Marine Plan

NMPi National Marine Plan Interactive

NPF4 National Planning Framework 4

0o&M Operation and Maintenance

OBR Opercular Beat Rate

OEP Offshore Electrical Platform

OSPAR The Convention for the Protection of the Marine Environment of the North-East
Atlantic

OWF Offshore Wind Farm

PAH Polycyclic Aromatic Hydrocarbons

PEMP Project Environmental Monitoring Programme

PLGR Pre-Lay Grapnel Run

PMF Priority Marine Feature

PrePARED Predators and Prey Around Renewable Energy Developments

PSA Particle Size Analysis

PT Particle Tracking

RMS Root Mean Square

SAC Special Area of Conservation

SBP Sub-Bottom Profiling

SOCI Species of Conservation Interest

SPA Special Protection Area

SPM Suspended Particulate Matter

SSC Suspended Sediment Concentration

SSS Side Scan Sonar

SSSI Site of Special Scientific Interest

SW Spectral Wave

THC Total Hydrocarbon Concentration
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Term Definition

UDSFB Ugie District Salmon Fishery Board
UKCS UK Continental Shelf

UKOOA UK Offshore Operators Association
UWN Underwater Noise

VER Valued Ecological Receptor

WTG Wind Turbine Generator

Zol

Zone of Influence
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10. FISH AND SHELLFISH ECOLOGY

10.1. INTRODUCTION

10.1.1.  Muir Mhor Offshore Wind Farm Limited (hereafter referred to as ‘the Developer') is proposing
to develop the Muir Mhor Offshore Wind Farm (hereafter ‘the Project’). The Project is made
up of both offshore and onshore components. The subject of this offshore Environmental
Impact Assessment Report (EIAR) is the offshore infrastructure of the Project seaward of
Mean High-Water Springs (MHWS) which is hereafter referred to as ‘the Proposed
Development’.

10.1.2. The Array Area for the Proposed Development covers an area of approximately 200 km? and
is located approximately 63 km east of Peterhead on the east coast of Scotland. The offshore
infrastructure of the Proposed Development includes Wind Turbine Generators (WTGs) and
associated floating foundations, the Offshore Electrical Platforms (OEP(s) and associated
foundations, the inter-array cables, interconnector cable, offshore export cables and landfall.

10.1.3. This Chapter of the EIAR presents an assessment of the potential impacts and associated
Likely Significant Effects (LSE) to Fish and Shellfish Ecology due to the construction,
operation and decommissioning of the Proposed Development. It discusses appropriate
mitigation as required to address any identified significant effects.

10.1.4. This EIAR is accompanied by a Report to Inform Assessment (RIAA) (Muir Mhor Offshore
Wind Limited, 2024) which assesses LSE on designated European sites.

10.1.5. This chapter should be read alongside the following other chapters and technical appendices:
e Volume 2, Chapter 7 (Marine and Coastal Processes);
e Volume 2, Chapter 8 (Marine Water and Sediment Quality);
e Volume 2, Chapter 9 (Benthic, Subtidal and Intertidal Ecology)
e Volume 2, Chapter 12 (Marine Mammals);
e Volume 2, Chapter 13 (Commercial Fisheries);
e Volume 3, Appendix 3.1 (Subsea Noise Technical Report);
e Volume 3, Appendix 7.1 (Marine Processes Modelling Report);
e Volume 3, Appendix 9.2 (Marine Protected Area Assessment Report);
¢ Volume 3, Appendix 9.1 (Offshore Baseline Survey Reports):and

— EGS. (2023a) Muir Mhor Offshore Wind Farm Array Area (Lot 1) Preliminary
Geophysical and Environmental Survey; and

— EGS. (2023b) Muir Mhor Offshore Wind Farm Export Cable Corridor (ECC) and
Intertidal (Lot 2 & Lot 3) Preliminary Geophysical and Environmental Survey.

e Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report).

10.1.6. This chapter includes a summary of information contained in Volume 3, Appendix 10.1 (Fish
and Shellfish Technical Report). The Technical Report provides a detailed analysis of the fish
and shellfish ecology baseline in the study area and identifies Valued Ecological Receptors
(VER) based on spawning/nursery grounds, protection status and designated sites.
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10.1.7. This chapter refers to the design of the Proposed Development as described in Volume 1,
Chapter 3 (Project Description) of the EIAR and has been prepared by GoBe Consultants
Limited.

10.2. PURPOSE OF THE CHAPTER

10.2.1. The primary purpose of the EIAR is defined in Volume 1, Chapter 1 (Introduction).

10.2.2. The key objective of this Chapter is to provide Scottish Ministers and statutory and non-
statutory stakeholders with the information required to assess for LSE on fish and shellfish
ecology. This assessment will consider those impacts from the Proposed Development in
isolation, and also cumulative effects (the effects of the Proposed Development combined
with the impacts from other plans and projects).

10.2.3. This Chapter presents the following:

e A detailed description of current environmental baseline conditions relevant to fish and
shellfish ecology. These have been established from relevant literature, desk studies,
Project specific studies, numerical modelling studies, and consultation with
stakeholders (NatureScot, Dee District Salmon Fishery Board, Fisheries Management
Scotland and the Ugie District Salmon Fishery Board), detailed in Table 10-4. A
detailed description of the Fish and Shellfish Ecology baseline is available in Volume 3,
Appendix 10.1 (Fish and Shellfish Technical Report).

o Discussion of assumptions and any limitations with respect to the information used to
define the baseline;

¢ Identification of potential impacts and any resulting LSE on Fish and Shellfish Ecology
related to the Proposed Development activities. This process is informed by the
application of embedded commitments;

e Consideration of the need for any ‘secondary’ mitigation measures (in addition to
embedded commitments) to avoid, minimise, reduce, or offset LSE on Fish and
Shellfish Ecology from the Proposed Development;

e Consideration of any residual effects following application of secondary mitigation; and
¢ Identification of monitoring measures to support proposed mitigation.

10.2.4. UWN modelling undertaken in support of the Chapter and associated technical report has
been presented in Volume 3, Appendix 3.1 (Subsea Noise Technical Report) of the EIAR.
Physical processes modelling undertaken in support of the Chapter has been presented in
Volume 3, Appendix 7.2 (Marine Processes Modelling Report).

10.3. LEGISLATION AND POLICY CONTEXT

10.3.1. Overarching legislation, policy, and guidance in relation to the EIAR for the Proposed
Development is provided in Volume 1, Chapter 2 (Legislation and Policy) of the EIAR. Below
is provided a summary of legislation, policy, and guidance directly relevant to Fish and
Shellfish Ecology.

LEGISLATION AND POLICY

10.3.2. Al legislation and policy directly applicable to Fish and Shellfish Ecology is illustrated in Table
10-1 and Table 10-2, respectively.
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Marine (Scotland) Act
2010

Establishes a marine spatial planning system, setting the stage
for future marine developments and facilitating the
establishment of protected marine sites/Marine Protected
Areas (MPAs) within the 12 nautical mile (nm) limit (Scottish
territorial seas). These initiatives align with Scotland's and the
United Kingdom's commitments to habitat and species
protection. The aim is to supplement existing MPAs such as
SACs and SPAs.

Designated sites of relevance to the Proposed
Development are set out in paragraph 10.5.48 et seq. and
assessed in Section 10.7. Additionally, this EIAR is
accompanied by a RIAA (Muir Mhor Offshore Wind Limited,
2024) which assesses LSE on designated European sites,
and impacts on MPAs are assessed in Volume 3, Appendix
9.2 (Marine Protected Area Assessment Report).

Marine and Coastal
Access Act 2009

Provides devolved authority to Scottish Ministers for marine
planning and conservation powers in the Scottish Offshore
Region (from 12 to 200 nm). Under section 66 of the Marine
and Coastal Access Act 2009 (in the context of the Scottish
Offshore Region), the Proposed Development requires a
Marine License for the marine licensable activities beyond 12
nm. MPAs existing beyond the 12 nm limit in Scottish Waters
are designated under the MCAA 2009. These sites (MPAS) are
designated areas aimed at conserving marine flora and fauna,
marine habitats, or features of geological or geomorphological
interest.

Designated sites of relevance to the Proposed
Development as set out in paragraph 10.5.48 et seq. and
assessed in Section 10.7. Additionally, this EIAR is
accompanied by a RIAA (Muir Mhor Offshore Wind Limited,
2024) which assesses LSE on designated European sites,
and impacts on MPAs are assessed in Volume 3, Appendix
9.2 (Marine Protected Area Assessment Report).

The Convention on the
Conservation of
European Wildlife and
Natural Habitats (the
Bern Convention; 1979)

Focuses on safeguarding Fish and Shellfish Ecology by
creating MPAs and Marine Conservation Zones (MCZs) to
preserve marine biodiversity, habitats, and geological features
within European wildlife areas. Specifically, the Convention
underscores the importance of conserving marine biodiversity
by establishing protected zones to sustainably manage fish
and shellfish populations and their habitats, as outlined in
Article 4, which mandates Contracting Parties to enact
legislative measures for habitat conservation of specified flora
and fauna species.

Designated sites of relevance to the Proposed
Development are set out in paragraph 10.5.48 et seq. and
assessed in Section 10.7. Additionally, this EIAR is
accompanied by a RIAA (Muir Mhor Offshore Wind Limited,
2024) which assesses LSE on designated European sites,
and impacts on MPAs are assessed in Volume 3, Appendix
9.2 (Marine Protected Area Assessment Report).
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The Convention for the
Protection of the Marine
Environment of the
North East Atlantic
(OSPAR Convention
1992)

The OSPAR Convention serves as the collaborative framework
for 15 Western European governments dedicated to
safeguarding the marine environment in the North East Atlantic
region. In 2003, the UK government made a commitment to
establish a well-managed and ecologically coherent network of
Marine Protected Areas (MPA), commonly referred to as the
OSPAR MPA commitment. As part of the UK's initial
contribution to the OSPAR network, Marine SACs designated
under the European Habitats Directive have been submitted.

The OSPAR Convention's Annex Ill is specifically focused on
safeguarding the marine environment from the adverse
impacts of offshore activities. This annex plays a crucial role in
regulating the offshore industry to preserve the delicate
ecology of fish and shellfish species in the North-East Atlantic
maritime area. By regulating offshore activities and preventing
pollution, the OSPAR Convention's Annex Il plays a crucial
role in conserving the marine ecosystems that are home to a
variety of protected fish and shellfish species. This helps to
maintain the delicate balance of these fragile environments
and ensure the long-term sustainability of these important
marine resources.

Designated sites of relevance to the Proposed
Development are set out in paragraph 10.5.48 et seq. and
assessed in Section 10.7. Additionally, this EIAR is
accompanied by a RIAA (Muir Mhor Offshore Wind Limited,
2024) which assesses LSE on designated European sites,
and impacts on MPAs are assessed in Volume 3, Appendix
9.2 (Marine Protected Area Assessment Report).

The potential for impacts on the marine environment with
regard to fish and shellfish ecology, have been described
and considered within the assessment for the Proposed
Development alone (Section 10.7) and cumulatively
(Section 10.9).

The Convention on the
Conservation of
Migratory Species of
Wild Animals (the Bonn
Convention 1979)

Provides the framework for agreements known as Memoranda
of Understanding (MoUs) that focus on the conservation of
particular migratory species or groups of species. These MoUs
provide a framework for collaborative conservation efforts
among countries to protect migratory animals.

Migratory fish species which have the potential to be
present in the Fish and Shellfish Ecology study area are
detailed in Section 10.5, with their impacts being assessed
in Section 10.7.

EU Habitats Directive
(Directive 92/43/EEC)
and associated
implementing habitats
regulations:

e 1) The Conservation

of Habitats and
Species Regulations

The EU Habitats Directive lists 11 marine habitats, eight of
which are found in benthic environments. Special Areas of
Conservation (SACs) have been designated in UK waters to
meet the requirements outlined in Article 3 of the Directive and
to contribute to the European network of conservation sites.

1) Implements species protection requirements of the Habitats
Directive in Scotland, in relation to specific activities up to
12nm, including applications for s36 consent

2) Implements the requirements of the Habitats Directive in the
UK offshore marine area (beyond 12 nm)

Designated sites of relevance to the Proposed
Development are set out in paragraph 10.5.48 et seq. and
assessed in Section 10.7. Additionally, this EIAR is
accompanied by a RIAA (Muir Mhor Offshore Wind Limited,
2024) which assesses LSE on designated European sites,
and impacts on MPAs are assessed in Volume 3, Appendix
9.2 (Marine Protected Area Assessment Report).
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2017 (as amended)1 3) Implements species protection requirements of the Habitats

e 2) Offshore Marine
Conservation
(Natural Habitats
&c.) Regulations
2017 (as amended)

e 3) Conservation
(Natural Habitats,
&c.) Regulations
1994 (as amended)

Directive in Scotland on land

The International
Convention for the
Control and
Management of Ships’
Ballast Water and
Sediments (Ballast
Water Management
Convention) 2004

Aims to prevent the spread of harmful aquatic organisms from
one region to another, by establishing standards and
procedures for the management and control of ships’ ballast
water and sediments.

Guidelines set out within the Convention has been used to
inform Volume 4, Appendix 2 (Outline Environmental
Management Plan) which contains an Outline Invasive
Non-Native Species Management Plan (Annex B).

Marine Strategy
Framework Directive
(Directive 2008/56/EC)
2008

Descriptor 1 — Biological diversity: Biological diversity is
maintained. The quality and occurrence of habitats and the
distribution and abundance of species are in line with
prevailing physiographic, geographic, and climatic conditions.

The impacts on biological diversity have been described
and considered within the assessment for the Proposed
Development alone (Section 10.7) and cumulatively
(Section 10.9).

Descriptor 2 — Non-indigenous species: Non-indigenous
species introduced by human activity are at levels that do not
adversely alter the ecosystems.

Impacts from Invasive Non-Native Species (INNS) were
scoped out in the scoping stage (see Table 10-15). Volume
4, Appendix 2 (Outline Environmental Management Plan)
contains an Outline Invasive Non-Native Species
Management Plan (Annex B).

Descriptor 3 — Commercial species: Population of all
commercially exploited fish and shellfish are within safe
biological limits, exhibiting a population age and size
distribution that is indicative of a healthy stock.

Potential impacts on commercial fish and shellfish species
have been described and considered within the
assessment for the Proposed Development alone (Section
10.7) and the CEA (Section 10.9).
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Descriptor 4 — Elements of marine food web: All elements of
marine food webs, to the extent they are known, occur at
normal abundance and diversity and levels capable of ensuring
the long-term abundance of the species and the retention of
their full reproductive capacity.

The impacts on fish and shellfish ecology, inclusive of the
interlinkages with interdependent ecological receptors
described in other chapters are presented in Section 10.7
and Section 10.10.

Descriptor 8 — Contaminants: Concentrations of contaminants
are at levels not giving rise to pollution impacts.

The impacts of contaminants on fish and shellfish species
have been assessed in Section 10.7.

Descriptor 9 — Contaminants in seafood: Contaminants in fish
and other seafood for human consumption do not exceed
levels established by Community legislation or other relevant
standards.

The impacts of contaminants on fish and shellfish species
have been assessed in Section 10.7.

Descriptor 11 — Energy including UWN: introduction of energy,
including UWN, is at levels that do not adversely affect the
marine environment.

The impacts of UWN (UWN) on fish and shellfish have
been assessed in Section 10.7. The potential for
cumulative impacts of UWN have been assessed in Section
10.9.

Marine Strategy
Regulations 2010

The Marine Strategy Framework Directive (MSFD) requires the
UK to put in place measures to achieve or maintain good
environmental status (GES) in the marine environment by
2020. The MSFD is transposed for the whole of the UK by the
Marine Strategy Regulations 2010, providing a UK-wide
framework for meeting the requirements of the Directive.

The Marine Strategy Regulations 2010 still contain references
to the MSFD. Where the provisions of the Directives being
referred to contain references that do not make sense for the
purposes of the Marine Strategy Regulations now that the UK
is no longer a Member State, the amendments set out how the
provisions are to be read in order for them to make sense. For
example, references to "Member States" in certain provisions
of the Marine Strategy Regulations are to be read as if the UK
were a Member State.

See above Descriptors 1, 2, 3, 4, 8, 9 and 11 (above) and
how this has been considered.

Salmon and Freshwater
Fisheries
(Consolidation)
(Scotland) Act 2003

The Salmon and Freshwater Fisheries (Consolidation)
(Scotland) Act 2003 is the primary legislation governing the
management and conservation of salmon and freshwater
fisheries in Scotland. The Act provides the Scottish
Government with powers to regulate salmon fishing and
protect vulnerable salmon stocks, requiring annual
assessments and mandatory catch-and-release or retention
bans where necessary. It also empowers the establishment of

Assessment of impacts to salmon stocks including
disturbance from Proposed Development, habitat
degradation, or barriers to migration have been assessed in
Section 10.7. The potential for cumulative impacts on
salmon considering both the Proposed Development and
other relevant activities has been assessed in Section 10.9.
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local District Salmon Fishery Boards to manage fisheries and
introduces measures like a ban on the sale of rod-caught
salmon to aid conservation efforts.

The Wildlife and
Countryside Act (WCA)
1981 (as amended)

While the WCA primarily addresses land-based conservation,
the provisions can extend to offshore areas, particularly where
activities such as offshore wind energy development may
impact protected species, habitats, or designated sites.
Developers must ensure compliance with the Act and
associated regulations to minimise environmental harm and
adhere to conservation objectives.

The WCA prohibits the release of any animal species that are
“not ordinarily resident in and are not regular visitors to Great
Britain in a wild state”. It also prohibits the establishment of
non-native plant species. The act also gives protection to
native species, controls the release of non-native species and
enhances the protection of Sites of Special Scientific Interest

(SSSI). The law regarding non-native species is covered by the

Wildlife and Countryside Act 1981.

Impacts from INNS were scoped out in the scoping stage
(see Table 10-15). Volume 4, Appendix 2 (Outline
Environmental Management Plan) contains an Outline
Invasive Non-Native Species Management Plan (Annex B).

The Sandeel
(Prohibition of Fishing)
(Scotland) Order 2024
(Scottish Parliament,
2024i)

The Sandeel (Prohibition of Fishing) (Scotland) Order 2024
makes provision to prohibit all fishing for sandeel in Scottish
waters, using powers provided in section 5 (Powers to restrict
fishing for sea fish including for marine environmental
purposes) of the Sea Fish (Conservation) Act 1967.

This chapter considers the potential impact arising from the
existence of a sandeel prohibition of fishing within the
future baseline section (paragraph 10.5.53 et seq).
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Sectoral Marine Plan for
Offshore Wind Energy
(Scottish Government,
2020)

General policies seek to minimise the potential adverse
impacts on other marine users, economic sectors and the
environment resulting from further commercial scale offshore
wind development.

In respect of Offshore Wind, the plan provides that regional
cumulative impacts include the potential for adverse impacts
on bird populations, benthic habitats, cetaceans, navigational
safety, seascape/landscape and commercial fisheries. The
Sectoral Marine Plan includes measures to mitigate potential
impacts at various scales.

The potential for impacts on the identified environmental
receptors, such as fish and shellfish are considered in
Section 10.7 for the Proposed Development alone, and
cumulatively in Section 10.9.

Scotland’s National
Marine Plan (NMP)

(Scottish Government,
2015)

The Scottish National Marine Plan sets out policies and
objectives requiring marine planners and decision-makers to
consider the potential impacts of development on marine

ecology and is useful to identify some of the key concerns and

issues that should be addressed in any impact assessment.
This plan covers the management of both Scottish inshore
waters (out to 12 nm) and offshore waters (12 to 200 nm).

The following General Policies are considered relevant to Fish

and Shellfish Ecology:
GEN 9: Legal requirements for protected areas and protected

species should be complied with. There should be no resulting

significant impacts on Priority Marine Features (PMFs).
Developments should protect and enhance the health of the
marine area.

GEN 10: Opportunities to reduce the introduction of INNS to a
minimum or improve the practice of existing activity should be
taken.

GEN 21: Cumulative impacts affecting the ecosystem of the
marine plan area should be addressed.

WILD FISH 1: The impact of development and use of the
marine environment on diadromous fish species should be

considered in marine planning and decision making processes.

Where evidence of impacts on salmon and other diadromous
species is inconclusive, mitigation should be adopted where
possible and information on impacts on diadromous species
from monitoring of developments should be used to inform
subsequent marine decision making.

The potential impacts of the Proposed Development on
protected species and PMFs are identified and assessed in
Section 10.7. Designated sites of relevance to the
Proposed Development are set out in paragraph 10.5.48 et
seg. and assessed in Section 10.7. Additionally, this EIAR
is accompanied by a RIAA (Muir Mhor Offshore Wind
Limited, 2024) which assesses LSE on designated
European sites, and impacts on MPAs are assessed in
Volume 3, Appendix 9.2 (Marine Protected Area
Assessment Report).

Impacts from INNS were scoped out in the scoping stage
(see Table 10-15). Volume 4, Appendix 2 (Outline
Environmental Management Plan) contains an Outline
Invasive Non-Native Species Management Plan (Annex B).

The potential for impacts on the identified environmental
receptors, such as fish and shellfish including diadromous
species are considered in Section 10.7 for the Proposed
Development alone, and cumulatively in Section 10.9
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National Planning
Framework 4 (NPF4)
2023

Policy 3: Nature Crisis

Development proposals for national, major and EIAR
development, or development requiring an Appropriate
Assessment, should only be supported where they can
demonstrate that the proposal will conserve and enhance
biodiversity, including nature networks within and adjacent to
the site, so that they are in a demonstrably better state than
without intervention. This includes assessing the existing
characteristics of the site, integrating nature-based solutions,
mitigating any negative impacts, and providing significant
biodiversity enhancements that support nature networks and
habitat connectivity.

Section 10.7 analyses the magnitude of impacts and the
sensitivity of fish and shellfish receptors to determine if the
relevant impacts represent a significant effect on these
receptors. The assessment considers how changes to the
baseline environment due to climate change may influence
the predictions made in the impacts assessment, as part of
the future baseline in Section 10.5.63

Scottish Priority Marine
Features (NatureScaot,
2020)

NatureScot and the Joint Nature Conservation Committee
(JNCC) collaborated with Marine Scotland to establish a
Priority Marine Features (PMFs) list, which identifies crucial
marine habitats and species in Scotland's seas. This list is in
line with Marine Scotland's vision for marine nature
conservation as articulated in the Marine Nature Conservation
Strategy. It functions as a focused roadmap for future
conservation endeavours in Scotland (SNH, 2014). In 2013,
Marine Scotland conducted a consultation on the proposed
PMFs list (Marine Scotland, 2013). Within this compilation, the
various benthic and intertidal species and habitats have either
been previously documented in the surrounding area or have
the potential to exist within the study area.

The relevant PMFs are identified in Table 10-10. Section
10.7 assesses the significance of the effects of the
Proposed Development on all fish and shellfish receptors,
including the PMFs within Fish and Shellfish Ecology study
area, where an impact pathway exists.

Eel Management plans
for the United Kingdom:
Scotland River Basin
District (Department for
Environment Food and
Rural Affairs, 2010)

Established in 2010 in response to the Eel Recovery Plan
(formed under European Commission Council Regulation No

1100/2007) with the aim of improving the European eel stocks.

Section 10.7 assesses the significance of the effects of the
Proposed Development on eel receptors, including and any
potential cumulative impacts which have been assessed in
Section 10.8.

Scottish Wild Salmon
Strategy (Scottish
Government, 2022b)

Published in January 2022, the Scottish Wild Salmon Strategy
outlines the objectives, actions to improve the conditions of
Scotland’s rivers and coastal waters and better manage
salmon stocks.

Section 10.7 assesses the significance of the effects of the
Proposed Development on salmon receptors, including and
any potential cumulative impacts have been assessed in
Section 10.9.

United Kingdom (UK)
Marine Policy Statement
(MPS) (HM

General policy: Ensure a sustainable marine environment
which promotes healthy, functioning marine ecosystems and
protects marine habitats, species, and our heritage assets.

The magnitude of impacts and the sensitivity of fish and
shellfish ecology receptors are analysed in Section 10.7 to
determine if the relevant impacts represent a significant
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Government, 2011)

effect on the relevant fish and shellfish ecology receptors.

GenerGal policy: The marine environment plays an important
role in mitigating climate change.

The impact of climate change on the baseline environment
and how this will influence the predictions made in the
effects assessment is considered as part of the future
baseline in paragraph 10.5.56 et seq. and also in greater
detail in Volume 2, Chapter 18 (Climate).

General policy: Biodiversity is protected, conserved, and where

appropriate recovered, with the cessation of loss.

The significance of effects on fish and shellfish ecology
receptors is considered, as well as mitigation measures
where appropriate, in Section 10.7.

Offshore Wind and Marine Renewable Energy Policy: Marine
businesses are acting in a way which respects environmental
limits and is socially responsible.

Section 10.7 presents assessments of the significance of
the effects of the development on fish and shellfish ecology
receptors, with mitigation presented, as necessary, to
reduce effects to an acceptable level.
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10.3.3. All guidance directly applicable to fish and shellfish ecology includes the following guidance
documents:

e Joint Nature Conservation Committee (JNCC), Marine Monitoring Handbook, (JNCC,
2001);

e Ware, S.J. & Kenny, A.J. (2011) Guidelines for the Conduct of Benthic Studies at
Marine Aggregate Extraction Sites, 2nd Edition. Marine Aggregate Levy Sustainability
Fund (MALSF, 2011);

e Centre for Environment, Fisheries and Aquaculture (Cefas), Guidelines for Data
Acquisition to Support Marine Environmental Assessments for Offshore Renewable
Energy Projects (Cefas, 2012);

¢ A Review of Assessment Methodologies for Offshore Wind Farms (Collaborative
Offshore Wind Research into The Environment (COWRIE) METH-08-08) (Maclean et
al., 2009);

e Guidance and publications from Scottish Natural Heritage (SNH) and Marine Scotland
on Priority Marine Features (PMF) and Marine Protected Area (MPA) search features
(SNH, 2012);

e British Standards Institute (BSI), Environmental Impact Assessment for Offshore
Renewable Energy Projects (BSI, 2015);

e Marine Scotland, Consenting and Licensing Guidance: For Offshore Wind, Wave and
Tidal Energy Applications (Marine Scotland, 2018);

e CIEEM, Guidelines for Ecological Impact Assessment in the UK and Ireland Terrestrial,
Freshwater, Coastal and Marine. (CIEEM, 2018);

e Advice Note Seventeen: Cumulative Impacts Assessment Relevant to Nationally
Significant Infrastructure Projects (The Planning Inspectorate, 2019);

e NatureScot guidance on marine invasive non-native species (NatureScot, 2022); and

e Guidance on non-native species, approved by the Scottish Parliament (Scottish
Government, 2012).

10.4. CONSULTATION

10.4.1. Ongoing statutory and non-statutory consultation and incorporation of feedback is an integral
part of developing a robust EIAR. The Offshore Scoping Report (Volume 3, Appendix 5.1
(Offshore Scoping Report)) for the Proposed Development was submitted to Marine
Directorate - Licensing Operations Team (MD-LOT) in June 2023. A detailed response to the
Scoping Report’s content and questions was provided from MD-LOT, and multiple additional
consultees in the September 2023 Scoping Opinion (Volume 3, Appendix 5.2 (Offshore
Scoping Opinion)).

10.4.2. Table 10-3 provides a summary of the stakeholder consultation activities specific to fish and
shellfish ecology. The issues raised and actions to address and incorporate this feedback into
the EIAR are outlined.

10.4.3.  Further detail on the Proposed Development’s overall EIAR stakeholder consultation process
and actions are presented in Volume 1, Chapter 5 (Consultation) of the EIAR.
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Type of
Consultation
September Scottish Ministers  The Scottish Ministers are content with  The fish and shellfish ecology study area is described in Section 10.5. Since
2023 — Scoping Opinion  the study area as defined in the scoping, this has been updated and now utilises a 120 km Zone of Influence
(via MD-LOT) Scoping Report. (Zol) for impacts associated with UWN and 15km for suspended sediment. The
UWN Zol has been increased as a result of impact ranges predicted by the UWN
modelling (as presented in Volume 3, Appendix 3.1 (Subsea Noise Technical
Report)).
September Scottish Ministers ~ The Developer is directed to the All data sources provided have been considered in the baseline presented in
2023 — Scoping Opinion  NatureScot response for a list of data  Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report) and summarised
(via MD-LOT) sources to supplement the list provided in Section 10.5. Specifically, the data sources are summarised in Table 10-4.
in the Scoping Report.
September Scottish Ministers ~ The Scottish Ministers welcome the A site specific eDNA survey was undertaken in 2023, details of which can be
2023 — Scoping Opinion  yse of eDNA sampling to inform the found in Volume 3, Appendix 9.1 (Offshore Baseline Survey Reports). The
(via MD-LOT) baseline characterisation of fish and results of this survey have been used to inform the fish and shellfish baseline
shellfish communities. and assessment presented in Volume 3, Appendix 10.1 (Fish and Shellfish
Technical Report) and summarised in Section 10.5.
September Scottish Ministers ~ The Developer is directed to the Site specific PSA data have been collected (Volume 3, Appendix 9.1 (Offshore
2023 — Scoping Opinion  NatureScot representation in relation Baseline Survey Reports)) and used to inform a sandeel habitat suitability
(via MD-LOT) to sandeels which must be considered  mapping exercise to determine the distribution of suitable sandeel habitat. A
wherever there is a suitable habitat sandeel spawning potential heatmapping exercise has also been undertaken, in
due to their year-round presence as accordance with the MarineSpace et al. (2013b) classifications (adapted from
they are not limited to spawning Latto et al. (2013)). These processes are detailed in full in Volume 3, Appendix
seasons and areas. 10.1 (Fish and Shellfish Technical Report) and summarised in Section 10.5 of
this chapter.
Further to this, consideration of impacts to sandeel populations and their
designation as a PMF, and as a qualifying feature of the Turbot Bank Nature
Conservation MPA (NC MPA), is presented in Section 10.7. Additionally, impacts
on this MPA are assessed in Volume 3, Appendix 9.2 (Marine Protected Area
Assessment Report).
September Scottish Ministers  Clear links between the marine A holistic assessment has been undertaken, with links made to key aspects,
2023 — Scoping Opinion  mammal and offshore and intertidal

(via MD-LOT)

ornithology assessments in relation to
prey availability should be made to the
fish and shellfish assessment within
the EIA Report.

such as ornithology and marine mammals in terms of prey availability where
appropriate. Impacts to key prey species (such as herring and sandeel) have
been assessed in Sections 10.7 and 10.9 of this chapter. The potential for
subsequent impacts to marine mammals and offshore and intertidal ornithology
from impacts to prey species has been assessed in Volume 2, Chapter 12
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Consultation
(Marine Mammals) and Volume 2, Chapter 11 (Offshore and Intertidal
Ornithology), respectively.
September Scottish Ministers ~ The advice and data sources provided  All advice, data sources and literature provided in the NatureScot representation
2023 — Scoping Opinion  in the NatureScot representation in have been considered in the baseline presented in Volume 3, Appendix 10.1
(via MD-LOT) relation to prey species and impacts to  (Fish and Shellfish Technical Report) and summarised in Section 10.5.
spawning and nursery grounds should  Specifically, the data sources are summarised in Table 10-4.
be fully considered and addressed by
the Developer in the EIA Report. This
view is supported by representations
from NatureScot and RSPB.
September Scottish Ministers ~ The Scottish Ministers largely support ~ Noted.
2023 — Scoping Opinion  the proposed approach outlined in
(via MD-LOT) Table 9-6 of the Scoping Report which
summarises the impact pathways to be
scoped in for fish and shellfish ecology
for each phase of the Proposed
Development.
September Scottish Ministers ~ The impact of UWN and vibration Impacts associated with UWN and vibration in relation to the year-round
2023 — Scoping Opinion  effects during the operational phase of  presence of sandeel, as well as migratory fish and spawning fish species have
(via MD-LOT) the Proposed Development, in relation  been assessed across the lifetime of the Proposed Development in Section 10.7.
to the year-round presence of sandeel
as well as migratory fish and spawning
fish species, must be scoped into the
EIA Report and the Developer is
directed to the representation from
NatureScot in this regard.
September Scottish Ministers ~ The Scottish Ministers advise that the Impacts associated with UWN and vibration effects during the installation of
2023 — Scoping Opinion  jmpact of subsea noise and vibration cables and cable protection have been assessed in Section 10.7.
(via MD-LOT) effects during the installation of the
cable and cable protection, is scoped
into the EIA Report and direct the
Developer to the representations from
FMS, Dee DSFB and Ugie DSFB in
this regard.
September Scottish Ministers  The Scottish Ministers, in line with SFF  Direct damage (e.g., crushing) and disturbance to mobile demersal and pelagic
2023 — Scoping Opinion
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Consultation
(via MD-LOT) advice, advise that direct damage fish and shellfish species have been assessed in Section 10.7.
(e.g., crushing) and disturbance to
mobile demersal and pelagic fish and
shellfish species should be scoped in
during the construction phase due to
fishing and spawning grounds within
the Proposed Development area.
September Scottish Ministers  The representation from FMS with The majority of published research on the behavioural effects of diadromous fish
2023 — Scoping Opinion  regard to aggregation effects and species to visual effects purely relate to artificial light, as opposed to

(via MD-LOT)

potential visual impact on fish species
should also be considered within the
EIA Report.

shadow/flicker effects from moving turbines. For example, Vowles and Kemp
(2021) observed that downstream migrating European eel were less likely to
migrate down an artificially lit route option than an unlit route option. Similarly,
Riley et al. (2012) reported that Atlantic salmon smolts at the River Itchen,
England, exposed to streetlights during downstream migration, showed more
random timing of migration, when compared to non-lit years, when migration was
correlated to sunset.

Furthermore, Atlantic salmon, in fish farms, when exposed to submerged
artificial light, were observed to increase their swimming depth (Juell et al.,
2003). This lack of published scientific literature on the potential effects of
shadow flicker on diadromous fish was highlighted by Dodd and Briers (2021),
who concluded that there is no specific evidence available to support or refute
any biological or ecological impact of shadow flicker from wind turbine blades on
Atlantic salmon. Current literature investigating the potential impacts from wind
turbine shadow flicker (in the form of flickering light) relates only to research on
possible human impacts (Harding et al., 2008).

Atlantic salmon and sea trout are commonly located near the sea surface, and
therefore have the potential to be exposed and/or receptive to visual stimuli,
associated with offshore infrastructure, such as flicker effects from moving
turbines. However, taking into consideration the distance of the wind turbines
from the coast (where it is anticipated that visual or olfactory stimuli for fish
returning to natal rivers play an important navigational role (Keefer and Caudill,
2014), it is not expected that the offshore wind turbines will result in behavioural
responses in diadromous species. Furthermore, considering the height of the
turbine blades above the surface of the water, in the context of other visual
stimuli such as distortions of the water surface, and cloud cover, it is unlikely that
flicker effects will have adverse effects on diadromous fish.

Therefore, considering the lack of published research on the risk of visual
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Type of
Consultation
impacts of moving turbine blades on diadromous fish, it is not possible to
undertake a comprehensive impact assessment. This impact has therefore not
been assessed within this chapter.
September Scottish Ministers ~ The Scottish Ministers welcome the The potential effects from EMF have been assessed in Section 10.7.
2023 — Scoping Opinion  Developer’s proposal to include an
(via MD-LOT) EMF assessment, a view supported by
NatureScot, FMS, Dee DSFB and Ugie
DSFB, in particular relating to
elasmobranchs.
September Scottish Ministers ~ The Scottish Ministers also highlight Specific consideration of the potential impacts arising from the Proposed
2023 — Scoping Opinion  FMS, Dee DSFB and Ugie DSFB'’s Development on diadromous species (such as Atlantic salmon and European
(via MD-LOT) comments with regards to salmon and  eel) is presented in Section 10.7, with potential cumulative impacts considered in
European eels and request that these Section 10.9. This includes potential impacts arising from barrier effects caused
are taken into consideration in the EIA by UWN and EMF.
Report.
September Scottish Ministers ~ The Scottish Ministers advise that the The relevant PMFs are identified in Table 10-10. Section 10.7 assesses the
2023 — Scoping Opinion  gssessment should quantify where significance of the effects of the Proposed Development on all fish and shellfish
(via MD-LOT) possible the likely impacts to key receptors, including the PMFs within fish and shellfish ecology study area, where
PMFs and consider whether this could  an impact pathway exists.
lead to a significant impact on the
national status of the PMFs under
consideration, and that the additional
guidance identified by NatureScot
should be included.
September Scottish Ministers ~ The Scottish Ministers advise that the A comprehensive assessment of the potential impacts to fish and shellfish
2023 — Scoping Opinion  fyll range of mitigation measures and receptors has been undertaken and presented in Sections 10.7 and 10.9.
(via MD-LOT) published guidance are considered in ~ Mitigation options have been considered where significant effects are concluded.
the EIA Report.
September Scottish Ministers — Information on proposed fish and A comprehensive review of available data sources and literature has been
2023 — Scoping Opinion

(via MD-LOT)

shellfish monitoring should be outlined
in the EIA Report. This is a view
supported by NatureScot and the
Developer should also have regard to
the representations from the Dee
DSFB and FMS in relation to

undertaken and used to define the baseline (set out in Section 10.5), and the
assessments presented in Section 10.7. These data sources are provided in
Table 10-4. Site-specific surveys (inclusive of grab sampling, geophysical
surveys, epibenthic trawls and eDNA sampling) have been undertaken to ground
truth the existing data sources (
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Type of
Consultation
contribution to filling data gaps around  Table 10-5). With the large evidence base, and site-specific survey data, no data
diadromous fish. gaps were identified, and therefore no monitoring has been proposed. The
assessment of potential impacts to fish and shellfish receptors has been based
on a worst-case design scenario and has assumed the presence of sensitive
receptors such as diadromous fish within the study area to ensure a
precautionary assessment.
September Scottish Ministers  For cumulative impacts, the Scottish The potential for cumulative effects, including EMF impacts have been assessed
2023 — Scoping Opinion  Ministers are in agreement that in Section 10.9.
(via MD-LOT) cumulative impacts on fish and
shellfish receptors are scoped in,
however advise that subsea EMF
should be scoped into the cumulative
assessment.
September Scottish Ministers ~ The Scottish Ministers highlight that Specific consideration has been given to cumulative habitat loss in Section 10.9.
2023 — Scoping Opinion  consideration should be given to the
(via MD-LOT) cumulative effects of habitat loss and
its impact on key fish and shellfish
species as outlined in the NatureScot
representation.
September Scottish Ministers ~ The Scottish Ministers are content with  Noted.
2023 — Scoping Opinion  the proposal to scope out
(via MD-LOT) transboundary impacts.
September Scottish Ministers  The Developer should engage with the  The Developer wrote to a number of stakeholders (Dee Salmon Board and Ugie
2023 — Scoping Opinion  Scottish Ministers and NatureScot in District Salmon Fishery) regarding research that may change how diadromous
(via MD-LOT) regard to any change in how fish are assessed through EIA and HRA. However, as no response was
diadromous fish should be assessed forthcoming, consideration of the potential impacts arising from the Proposed
through EIA and HRA as a result of Development on diadromous species was conducted using current industry best
ongoing research in this area. practice, and is presented in Section 10.7, with potential cumulative impacts
considered in Section 10.9.
September NatureScot - NatureScot are content with the study  The fish and shellfish ecology study area is described in Section 10.5. Since
2023 Scoping Opinion area as defined in section 9.2 and scoping, this has been updated to a 120 km Zone of Influence (Zol) for impacts
(via MD-LOT) shown in Figure 9.1 of the Scoping associated with UWN and 15km for suspended sediment. The UWN Zol has

Report. They note the study area may
be refined post-scoping based on
further assessment, modelling and

been increased as a result of impact ranges predicted by the UWN modelling (as
presented in Volume 3, Appendix 3.1 (Subsea Noise Technical Report)).
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consultation.
September NatureScot - NatureScot support the proposed The available data from existing literature and the 2023 Muir Mhor offshore
2023 Scoping Opinion approach of carrying out a desk-based surveys provide an appropriate evidence base (both spatially and temporally) for
(via MD-LOT) review of existing Fish and Shellfish fish and shellfish populations within the study area (see Table 10-4). Site specific
Ecology data and the list of existing environmental surveys (Volume 3, Appendix 9.1 (Environmental Baseline
datasets as described in Table 9-2 Report: OWF (LOT 1)); and Volume 3, Appendix 9.1 (Environmental Baseline
(including supplementary site-specific Report: ECC and Intertidal (LOT 2 & 3)) have also been used to support the
survey data). baseline characterisation, described in Section 10.5 of this chapter, and detailed
in full in Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report).
September NatureScot - NatureScot notes that the development The study area overlaps with a high intensity sandeel spawning area (Coull et al.
2023 Scoping Opinion area is likely to be important for 1998; Ellis et al. 2010) and is within close proximity to the Turbot Bank MPA
(via MD-LOT) sandeel, an essential prey species for  (designated for sandeel)s.
birds, marine mammals and fish. NatureScot were engaged with on several occasions to discuss and agree the
NatureScot welcome the proposal to scope of the eDNA sampling methodology prior to the sampling commencing.
carry out eDNA surveys and request This was captured in a Technical Note which was agreed by NatureScot (The
that we are consulted on the eDNA Effectiveness of Environmental DNA For Fish Sampling).
sampling methodology prior to Site specific eDNA data confirmed the presence of sandeel and suitable
sampling commencing. spawning grounds in the study area. Details of which can be found in Volume 3,
Appendix 9.1 (Environmental Baseline Report: OWF (LOT 1)); and Volume 3,
Appendix 9.1 (Environmental Baseline Report: ECC and Intertidal (LOT 2 & 3)).
Additionally, site specific PSA data confirms the [presence of suitable sandeel
spawning substrate. This is detailed in full in Volume 3, Appendix 10.1 (Fish and
Shellfish Technical Report) and summarised in Section 10.5 of this chapter).
September NatureScot - NatureScot advise that the following All sources provided have been considered in the technical baseline (Volume 3,
2023 Scoping Opinion sources should also be considered in Appendix 10.1 (Fish and Shellfish Technical Report) and subsequently in this
(via. MD-LOT) the EIAR Report; report, included in the list of data detailed in Table 10-4.

e Langton, R., Boulcott, P. & Wright,
P. (2021). A verified distribution
model for the lesser
sandeel(Ammodytes marinus.)
Marine Ecology Progress Series.
667. 10.3354/meps13693 (23)

e Franco A., Smyth K., Thomson S.
(2022) Developing Essential Fish
Habitat maps for fish and shellfish
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species in Scotland. Report to the
Scottish Government, December
2022. DOI: 10.7489/12450-1 (24)

e Jiménez-Prada, P., Jerez, S.,
Pérez, J.A., Rodriguez, C.,
Hachero-Cruzado, I. and Guerra-
Garcia, J.M., 2018. EFFECT OF
LYOPHILIZATE Gammarus
insensibilis (CRUSTACEA:
AMPHIPODA). Centro
Oceanografico de Canarias.

e Feature Activity Sensitivity Tool
(FeAST) (25), which is due to be
updated shortly with fish and
shellfish information.

September NatureScot - NatureScot agree with the species Sites designated for marine mammals and their proximity to the Proposed
2023 Scoping Opinion identified within the EIAR Scoping Development are listed in Table 10-. Impacts on these are considered in Section
(via. MD-LOT) Report and advise that more 10.7 and Section 10.9. The potential for impacts to marine mammals from
consideration should be given to: impacts to prey species has been assessed within Volume 2, Chapter 12
Prey species of minke whale and (Marine Mammals).
bottlenose dolphin; Additionally, please refer to MPA assessment in Volume 3, Appendix 9.2 (Marine
Sandeel, with regards to demersal Protected Area Assessment Report), where impacts to marine mammals as
spawning and nursery grounds and features of MPAs are assessed.
their presence within the study area Impacts from the Proposed Development on sandeel have been assessed in
throughout their lifecycle; Section 10.7. Further, the potential for impacts to sandeel as a feature of the
Freshwater pearl mussel (FWPM) and  Turbot Bank NC MPA are assessed in Volume 3, Appendix 9.2 (Marine
therefore, any impacts to salmonids. Protected Area Assessment Report).
Additionally, impacts on Atlantic salmon and consequently FWPM have been
assessed in Section 10.7
September NatureScot - NatureScot advise consideration is Impacts to key prey species (such as sandeel, herring, sprat and mackerel) and
2023 Scoping Opinion required in the EIAR Report to ensure that  their supporting habitats have been assessed in Section 10.7 and Section 10.9.
(via. MD-LOT) impacts to key prey species and their Results from the PrePARED (Predators and Prey Around Renewable Energy

habitats are considered for this
development alone and cumulatively with
other wind farms. The PrePARED
(Predators and Prey Around

Developments) project have been used to inform the assessments in Section
10.7 and Section 10.9.

The potential for subsequent impacts to marine mammals from impacts to prey
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Renewable Energy Developments) species has been assessed in Volume 2, Chapter 12 (Marine Mammals) and for
project (26) may be helpful in the ornithological features in Volume 2, Chapter 11 (Offshore and Intertidal
understanding of predator-prey Ornithology).
relationships in and around offshore Potential for impacts on the Southern Trench NC MPA (of which minke whale
wind farms. are a qualifying feature) have been assessed in Volume 3, Appendix 9.2 (Marine
NatureScot advise that potential Protected Area Assessment Report). This assessment includes consideration of
impacts on the minke whale protected  potential impacts on minke whale through potential impacts on prey species.
feature of the Southern Trench NC
MPA via impacts on prey fish species
is scoped into the assessment.
September NatureScot - NatureScot agree that UWN impacts Impacts associated with UWN and vibration and UXO have been assessed
2023 Scoping Opinion should be scoped in for all project across the lifetime of the Proposed Development in Section 10.7, during
(via. MD-LOT) phases. Unexploded ordnance (UXO)  construction (Impact 5), operation (Impact 10) and during decommissioning
clearance should also be considered in  (Impact 15). Additionally, potential cumulative impacts have been assessed in
the assessment. Section 10.9.
September NatureScot - NatureScot welcomes the scoping in of ~ EMF impacts from the Proposed Development on all relevant fish and shellfish
2023 Scoping Opinion EMF impacts as another impact species have been assessed under Impact 7 in Section 10.7, with potential
(via. MD-LOT) pathway that is not well understood at  cumulative impacts considered in Section 10.9, under Impact 18.
present. NatureScot advise that the
impacts from EMF should be
considered for all relevant fish species,
including elasmobranch species,
Nephrops and diadromous fish,
including migratory fish.
September NatureScot - NatureScot note that the proposed The potential impacts of colonisation of hard structures have been assessed
2023 Scoping Opinion approach focusses on the introduction  under Impact 9 in Section 10.7.
(via. MD-LOT) of new structures leading to increased
biodiversity and/or changes in
ecological processes. The impacts of
introducing floating wind turbine
generators, anchoring systems and
cabling are not well understood at
present. NatureScot therefore support
the scoping in of colonisation of hard
structures.
September NatureScot - NatureScot advise that the following Impacts associated with UWN and vibration, have been assessed across the
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2023 Scoping Opinion guidance documents should be used in lifetime of the Proposed Development in Section 10.7, during construction
(via. MD-LOT) the fish and shellfish assessment: (Impact 5), operation (Impact 10) and during decommissioning (Impact 15).
JNCC guidance on UWN (27), Additionally, potential cumulative impacts from UWN are considered under
unexploded ordnance clearance - joint  Impact 18, in Section 10.9.
interim position statement (28).
September NatureScot - NatureScot broadly support the A precautionary approach has been applied to the assessment, assuming the
2023 Scoping Opinion approach to assessment set out in presence of PMFs within the vicinity of the Proposed Development (see Section
(via. MD-LOT) section 9.8, but advise that in relation ~ 10.5 and Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report). The
to PMFs, the assessment should potential for significant effects on these receptors has been assessed in Section
quantify, where possible, the likely 10.7, with potential cumulative impacts considered in Section 10.9.
impacts to key fish and shellfish PMF
species.
September NatureScot - NatureScot notes that potential The cumulative impacts from EMF on sensitive fish and shellfish receptors has
2023 Scoping Opinion impacts do not need to spatially been included in the cumulative impacts assessment under Impact 18 in Section
(via. MD-LOT) overlap to have cumulative impacts, 10.9.
and therefore advises that impacts The cumulative impacts from long term habitat loss on sensitive fish and shellfish
which are potentially widespread, such  receptors, including diadromous species has been included in the cumulative
an EMF, should be scoped into the impacts assessment under Impact 19 in Section 10.9.
cumulative impact assessment.
NatureScot also advises that the EIAR
Report should consider the cumulative
impacts of key impacts such as habitat
loss/change.
September NatureScot - NatureScot acknowledges the The impacts associated with INNS are assessed under Impact 9 in Section 10.7.
2023 Scoping Opinion proposal of an Environmental Furthermore, the Developer has developed and will adhere to an Environmental
(via. MD-LOT) Management Plan (EMP) that will set ~ Management Plan (EMP) which sets out mitigation measures and procedures

out mitigation measures and
procedures relevant to, but not limited
to, the management of invasive and
non-native species (INNS).
NatureScot advises that the EIAR
Report should provide details on how
marine INNS will be considered,
monitored and recorded, taking
account of INNS biosecurity plans for
each phase of the development.

relevant to environmental management.

No specific monitoring for fish and shellfish species has been proposed. Instead,
an EMP will be produced prior to construction and followed to cover all phases of
the Proposed Development.




MUIR MHOR

OFFSHORE WIND FARM

O

Date Consultee and Description/ Issues Raised How this has been considered in this Chapter

Type of

Consultation
NatureScot advises that further
information on proposed fish and
shellfish monitoring should be
discussed in the EIAR Report.

September NatureScot - NatureScot are content with the Published guidance have been considered in the development of proposed
2023 Scoping Opinion  embedded commitments described in mitigation and monitoring and have been described in Table 10-14.

(via. MD-LOT) section 9.4 and advise that the full The assessment of impacts from EMF on sensitive fish and shellfish receptors
range of mitigation measures and has been informed by a comprehensive review of published literature due to the
published guidance is considered and  |ack of a standardised approach to estimating and reporting quantitative
discussed in the EIAR Report. measures of EMF from subsea cables (Hutchinson et al., 2020). Impacts from
It is noted that cable burial/protection EMF are described in Section 10.7, with potential cumulative impacts considered
informed by a Cable Burial Risk in Section 10.9.

Assessment (CBRA) is listed as a
proposed embedded mitigation
measure (Table 9-5). NatureScot point
out that research by Hutchison et al.
(2020) (29) suggests that cable burial
may generate a response from
sensitive species as it reduces EMF
levels to the ‘normal’ range that
species use to hunt prey or navigate.
September NatureScot - NatureScot agree that transboundary Consideration of impacts on diadromous species from the Proposed
2023 Scoping Opinion  impacts in relation to Fish and Shellfish Development, including any habitat loss, barrier effects and connectivity have
(via. MD-LOT) Ecology can be scoped out from been considered in Section 10.7, with potential cumulative impacts considered in

further consideration.

NatureScot notes that for diadromous
fish species there is limited knowledge
of distribution and behavior of these
species in the marine environment.

NatureScot have concluded that,
based on evidence currently available
to us, it is not possible for us to carry
out an assessment of diadromous fish
to the level required under HRA.
NatureScot therefore advises that
diadromous fish species should be

Section 10.9. This includes potential impacts arising from barrier effects caused
by UWN and EMF.
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assessed through EIAR only and not
through HRA.

Dee District
Salmon Fishery
Board (DDSFB) -
Scoping Opinion
(via. MD-LOT)

September
2023

DDSFB welcomes the opportunity to
respond to the scoping opinion and
would wish to be consulted further
during this process with specific
interest in the migratory fish species
Atlantic Salmon and sea trout.

DDSFB consider one key pressure for
Scotland's wild Atlantic salmon
populations to be marine
developments, which have the
potential to impact salmon through
noise, water quality and impacts from
EMFs used by salmon for migration. In
this respect, the DDSFB refers to the
assessment of the juvenile salmon
stocks in the Dee through the National
Electrofishing Programme for Scotland
(NEPS), which has evaluated juvenile
stocks in the Dee as Grade 2,
suggesting that there are significant
issues with recruitment and survival
within the catchment (Malcolm et al.,
2020).

A thorough assessment has been undertaken on the potential impacts to
diadromous fish species. Specific consideration for the impacts arising from
UWN and EMF on diadromous species and potential impacts have been
assessed under Impact 5 and Impact 7 in Section 10.7, respectively, with
potential cumulative impacts considered under Impact 17 and Impact 18 in
Section 10.9. This includes potential impacts arising from barrier effects caused
by EMF. Following this assessment, no significant population level effects have
been concluded and appropriate mitigation measures do not need to be
implemented.

Dee District
Salmon Fishery
Board (DFSB) -
Scoping Opinion
(via. MD-LOT)

September
2023

DDFSB advise that more research is
required on the impacts of the
Proposed Development on diadromous
fish and refers to the Diadromous Fish
Receptor Group, which has identified
gaps related to the health, distribution,
and impacts on diadromous fish
(salmon, sea trout, etc.).

DDFSB suggest the use of the Scottish
Governments 'evidence map', as it
identifies scores and scores evidence

A thorough assessment has been undertaken on the potential impacts to
diadromous and migratory fish. Specific consideration for the impacts arising
from the Proposed Development on diadromous species and potential impacts
have been assessed in Section 10.7, with potential cumulative impacts
considered in Section 10.9. This includes potential impacts arising from barrier
effects caused by UWN and EMF.

The Scottish Governments 'evidence map' has been considered when assessing
the potential impacts to key diadromous fish receptors.
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gaps according to a specific
prioritisation process.

DDFSB further advise that the
Developer should contribute to filling
these evidence gaps as a specific
condition of consent.

September
2023

Dee District
Salmon Fishery
Board (DFSB) -
Scoping Opinion
(via. MD-LOT)

DDSFB refer to Chapter 9 of the
scoping report (9.3.31), which states
“some diadromous species may cross
the Proposed Development as part of
their migration or for foraging”,
followed by “the SAC rivers such as
the Dee whose dominant migration
pathways have the potential to pass
through development area”. DDSFB
advises that if information on migration
routes is lacking then a suitable
monitoring strategy should be devised,
either for the area in question or
through contributing to strategic
projects undertaken through ScotMER.
Any monitoring strategies must include
pre-construction monitoring in order
that baseline information on
movement, abundance, swimming
depth, feeding behaviour etc. can be
collected.

A thorough literature and data review has been undertaken to understand the
use of the Proposed Development area by diadromous fish. Site-specific eDNA
sampling was undertaken in 2023 to inform the fish and shellfish ecology
baseline. An assessment has been undertaken on the potential for impacts to
diadromous fish in Section 10.7, with potential cumulative impacts considered in
Section 10.9. This includes potential impacts arising from barrier effects caused
by UWN and EMF.

Additionally, an assessment has been undertaken on the potential for impacts to
diadromous fish as features of the SACs within the RIAA (Muir Mhor Offshore
Wind Farm Limited, 2024).

September
2023

Dee District
Salmon Fishery
Board (DFSB) -
Scoping Opinion
(via. MD-LOT)

DDSFB expects developers to assess
and, where necessary, mitigate the
potential impacts of the development.
These potential impacts have been
highlighted through ScotMER, and
include:

e Avoidance (including exclusion
from particular rivers and
subsequent impacts on local

Specific consideration for the impacts arising from the Proposed Development
and associated barrier effects caused primarily by UWN and EMF on
diadromous species and potential impacts have been assessed under Impact 5,
7,10 and 15 in Section 10.7. Potential cumulative impacts considered under
Impact 17 and 18 in Section 10.9. No significant effects were concluded on
diadromous species, from barrier effects to migration.
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populations);
e Disorientation impacts that could
potentially affect behaviour,
susceptibility to predation or by-
catch; and
e Impaired ability to locate normal
feeding grounds or river of origin;
and delayed migration
September Dee District DDFSB advise that subsea noise and Specific consideration for the impacts arising from UWN (from piling operations,
2023 Salmon Fishery vibration impacts during construction HDD and rock armour installation) and associated barrier effects on diadromous
Board (DFSB) - should be considered in full, including ~ species and potential impacts have been assessed under Impact 5, 10 and 15 in
(S\,?megfg%c’” consideration of new research where  Section 10.7, with potential cumulative impacts considered under Impact 17 in
' information is lacking. This includes Section 10.9.No significant effects on diadromous species have been concluded
noise associated with horizontal from UWN.
directional drilling and installation of
rock armour on cable routes.
Avoidance of such activities during key
life stages, such as the smolt run,
should be considered as a mitigation
measure.
September Dee District DDFSB advises that electromagnetic The potential for impacts from EMF from subsea cables on European eels and
2023 Salmon Fishery fields from subsea cables have the salmonids have been assessed under Impact 7 in Section 10.7, with potential

Board (DFSB) -
Scoping Opinion
(via. MD-LOT)

potential to interact with European eels
and possibly salmonids if their
migration or movement routes take
them over sub-sea cables. Therefore,
all cables should be buried to at least a
depth of 1.5 m where possible or
covered with rock armour to an
equivalent depth where burial is not
possible.

DDSFB are aware that Marine
Scotland Science have undertaken
some research to investigate electro-
magnetic force impacts on adult and
post smolt salmon and European eels.

cumulative impacts considered under Impact 18 in Section 10.9. This includes
potential impacts arising from barrier effects caused by EMF.

As set out in the Proposed Development Commitments Register (Volume 3,
Appendix 6.1 (Commitments Register)), commitment C-29 states that ‘Where
practicable, cable burial will be the preferred means of cable protection. Cable
burial will be informed by the cable burial risk assessment (CBRA) and detailed
within the Cable Plan (CaP). In areas where CBRA deems burial not feasible,
suitable implementation and monitoring of cable protection will be employed.’
Please see Table 10-14.
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Whilst for salmon this work did not
demonstrate any significant response
to the magnetic field in terms of alarm,
avoidance, accelerated or decelerated
swimming, it did not provide any
information on interference with the
salmon’s ability to detect and utilise the
Earth’s magnetic field.
September Dee District DFSB note that there is a clear and Specific consideration for the impacts arising from the Proposed Development
2023 Salmon Fishery urgent need to fund, plan and start on diadromous species and potential impacts have been assessed in Section
Board (DFSB) - strategic research on the movement, 10.7, with potential cumulative impacts considered in Section 10.9. This includes
(Sv?;’p,'\ﬂgfg%c’” abundance, swimming depth, feeding  potential impacts arising from barrier effects caused by EMF.
' behaviour and impact pathways
relevant to diadromous fish. Such
research would clearly feed into the
potential migration measures that
might be deemed appropriate, and the
conditions under which such mitigation
should be enacted. Developers should
be required to work together to fund
strategic monitoring, to allow more
certainty for all involved.
September Dee District DDFSB note that particular See above response to NatureScot’s issue raised in relation to diadromous
2023 Salmon Fishery consideration should be given to species. Specific consideration for the impacts arising from habitat loss on
Board (DFSB) - potential impacts on important habitats  diadromous species and potential impacts have been assessed under Impact 2,
(Sv‘i:;’pmgfgfl‘_')on for feeding and shelter for the marine 6 and 12 in Section 10.7, with potential cumulative impacts considered under
' phase of sea trout (a priority marine Impact 19 in Section 10.9.
feature) and any area that might
impact early feeding opportunities for
all diadromous species.
September Fisheries DDFSB note that there remain a See above response to NatureScot’s issue raised in relation to diadromous
2023 Management number of outstanding questions and species. Specific consideration for the impacts arising from the Proposed

Scotland (FMS) -
Scoping Opinion
(via. MD-LOT)

concerns about the potential negative

impacts of the Proposed Development
on diadromous fish, including Atlantic

salmon and sea trout. It is important

Development on diadromous species and potential impacts have been assessed
in Section 10.7, with potential cumulative impacts considered in Section 10.9.
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that DSFBs and Fisheries Trusts can
be assured that all potential negative
impacts have been assessed in full,
and mitigations put in place.
September Fisheries FMS consider that where uncertainty The Scottish Governments ' wild salmon strategy and implementation plan' has
2023 Management remains, the developer should be been reviewed and used as appropriate to inform the assessment of potential
Scotland - Scoping  required to contribute to research impacts to Atlantic Salmon, described in Section 10.7, with potential cumulative
(ng'_lf')'on (via. MD-\yhich will help fill these evidence gaps, impacts considered in Section 10.9.
as a condition of operational consent. A comprehensive literature review has been undertaken to inform the fish and
FMS further believe that developers shellfish baseline, this is detailed in Volume 3, Appendix 10.1 (Fish and Shellfish
should contribute to projects designed  Technical Report). The Developer is confident that the baseline is robust to
to conserve and restore important inform an EIA, and that no further research is required.
habitat catchment scale.
The Scottish Government have
published a wild salmon strategy and
implementation plan, which sets out
the actions to be taken over a five-year
period to 2028.
September Fisheries FMS note that where salmon See above response to NatureScot’s issue raised in relation to diadromous
2023 Management populations are below their species. Specific consideration for the impacts arising from the Proposed
Scotland - Scoping  conservation limits, any additional Development on diadromous species and potential impacts have been assessed
E)g%'on (via. MD- 5 essures for salmon populations, in Section 10.7, with potential cumulative impacts considered in Section 10.9.
including from marine developments,
cannot be considered sustainable.
September Fisheries FMS note that the following grade 3 All grade 3 rivers in the mentioned list have been considered in the baseline
2023 Management rivers (those which mean there is a description (Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report)) and
Scotland - Scoping  |ess than 60% probability of meeting the impact assessments in Section 10.7 and Section 10.9.
E)g'_lt')'on (via. MD- neir conservation limit) are of
relevance to the Proposed
Development: Ugie, Ythan, Don,
Cowie Don and Carron Water.
September Fisheries FMS note that whilst there is often a All SAC rivers in the list provided have been considered in the baseline
2023 Management focus on rivers designated as Special ~ description (Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report) and

Scotland - Scoping
Opinion (via. MD-
LOT)

Areas of Conservation (SACs), itis
important to recognise that the drivers
behind declines in wild salmon and sea

in Additionally considered in the assessment of impacts on diadromous fish has
been conducted in Section 10.7, with potential cumulative impacts considered in
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Date Consultee and Description/ Issues Raised How this has been considered in this Chapter
Type of
Consultation

trout, and other species of migratory Section 10.9.
fish, affect all rivers to a greater or
lesser extent. The SACs that we
consider relevant to the Proposed
Development are:

e River Spey SAC (Salmon, Sea
Lamprey and Freshwater Pearl
Mussel)

e River Dee SAC (Salmon and
Freshwater Pearl Mussel)

e River South Esk SAC (Salmon and
Freshwater Pearl Mussel)

e River Tay SAC (Salmon, Sea
Lamprey and River Lamprey)

e FMS advised that in recognition of
the importance of the marine
phases of both Atlantic salmon and
sea trout the following rivers should
also be fully considered:

e River Deveron

e River Ugie

e River Ythan

e River Don

September Fisheries FMS consider it important that relevant  See above response to DFSB issue raised in relation to evidence gaps.

ALz I\S/Iant?gedmegt . evidence gaps are considered in full by A thorough assessment has been undertaken on the potential impacts to
O;?ni?)?] (\-/iac&%r_lg the Developer, and developers should  diadromous and migratory fish from the Proposed Development, as informed by
LOT) ' contribute to filling the evidence gaps  available peer-reviewed literature and available data sources.

as a specific condition of consent. The ¢ ther to this, specific consideration for the impacts arising from the Proposed
Scottish Government has published an  peyelopment on diadromous species and potential impacts have been assessed

evidence map which identifies and in Section 10.7, with potential cumulative impacts considered in Section 10.9.
scores evidence gaps according to a

specific prioritisation process.

September Fisheries FMS advises that information on the See above response to NatureScot’s issue raised in A thorough assessment has
2023 Management use of the development area by been undertaken on the potential impacts to diadromous and migratory fish from
Scotland - Scoping  diadromous fish should be provided in  the Proposed Development, as informed by available peer-reviewed literature
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Date Consultee and Description/ Issues Raised How this has been considered in this Chapter
Type of
Consultation
Opinion (via. MD-  the ES. If such information is lacking, and available data sources.
LOT) then a suitable monitoring strategy Further to this, specific consideration for the impacts arising from the Proposed
should be devised. Any monitoring Development on diadromous species and potential impacts have been assessed
strategies must include pre- in Section 10.7, with potential cumulative impacts considered in Section 10.9.
construction monitoring in order that
baseline information on movement,
abundance, swimming depth, feeding
behaviour etc. can be collected.
September Fisheries FMS expect developers to assess and, Impacts arising from the Proposed Development and potential barrier effects on
2023 Management where necessary, mitigate the potential diadromous species have been assessed in Section 10.7, with potential
Scotland - Scoping  jmpacts of the development. These cumulative impacts considered in Section 10.9.
(L)g%lon (via. MD- hotential impacts have been
highlighted through ScotMER, and
include:
Avoidance (including exclusion from
particular rivers and subsequent
impacts on local populations);
Disorientation impacts that could
potentially affect behaviour,
susceptibility to predation or bycatch;
and
Impaired ability to locate normal
feeding grounds or river of origin; and
delayed migration
September Fisheries FMS advise that associated noise in Impacts arising from UWN and potential barrier effects on diadromous species
2023 Management terms of horizontal directional drilling and potential impacts have been assessed under Impact 5, 10 and 15 in
Scotland - Scoping  gnd installation of rock armour on Section 10.7, with potential cumulative impacts considered under Impact 17 in
E’g'_lr_‘)'on (via. MD- caple routes should be avoided during ~ Section 10.9.
key life stages, such as the smolt run.
FMS has acknowledged that this is
included in the scoping report, but
there is no specific reference to
diadromous fish.
September Fisheries FMS advises that electromagnetic Impacts arising from EMF on diadromous species have been assessed under
2023 Management fields from subsea cables have the Impact 7 in Section 10.7, with potential cumulative impacts considered under

Scotland - Scoping

potential to interact with European eels

Impact 18 in Section 10.9. This includes potential impacts arising from barrier
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Date

Consultee and
Type of
Consultation

Description/ Issues Raised

How this has been considered in this Chapter

Opinion (via. MD-
LOT)

and possibly salmonids if their
migration or movement routes take
them over sub-sea cables. The Earth’s
magnetic field is a cue used for
migration, so anything that interferes
with this signal is an important
consideration.

All cables should be buried to at least
a depth of 1.5m where possible or
covered with rock armour to an
equivalent depth where burial is not
possible.

effects caused by EMF.

As set out in the Proposed Development Commitments Register (Volume 3,
Appendix 6.1 (Commitments Register), commitment C-29 states that ‘Where
practicable, cable burial will be the preferred means of cable protection. Cable
burial will be informed by the CBRA and detailed within the CaP. In areas where
CBRA deems burial not feasible, suitable implementation and monitoring of
cable protection will be employed.’ Please see Table 10-14.

September
2023

Fisheries
Management
Scotland - Scoping
Opinion (via. MD-
LOT)

FMS highlight that as the Proposed
Development will use floating
foundations, EMFs are a particular
concern, due to the suspension of
cables in the water column.

FMS are aware that Marine Scotland
Science have undertaken some
research to investigate electro-
magnetic force impacts on adult and
post smolt salmon and European eels.

FMS note that this issue has not been
proposed for further consideration
within the Cumulative Impacts
Assessment. FMS do not agree with
this conclusion and believe that the
cumulative impacts of EMFs should be
considered in full.

Potential impacts arising from EMF on diadromous species have been assessed
under Impact 7 in Section 10.7, with potential cumulative impacts considered
under Impact 18 in Section 10.9. This includes potential impacts arising from
barrier effects caused by EMF.

September
2023

Fisheries
Management
Scotland - Scoping
Opinion (via. MD-
LOT)

FMS note that it is important to ensure
that such impacts are quantified and
assessed in the Environmental
Statement. Particular consideration
should be given to potential impacts on
important habitats for feeding and
shelter for the marine phase of sea

See above response to NatureScot’s issue raised in relation to diadromous
species. Impacts arising from habitat loss on diadromous species have been
assessed under 2, 6, and 12 in Section 10.7, with potential cumulative impacts
considered under Impact 19 in Section 10.9.
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Date

Consultee and
Type of
Consultation

Description/ Issues Raised

How this has been considered in this Chapter

trout (a priority marine feature) and any
area that might impact early feeding
opportunities for all diadromous
species.

September
2023

Fisheries
Management
Scotland - Scoping
Opinion (via. MD-
LOT)

FMS advises that the potential of new
artificial habitats to aggregate
predators and to act as predation ‘hot-
spots’ should be assessed in full.
Whilst the scoping report recognised
the potential for new hard substrates to
act as a fish aggregating device, and
potentially attract larger predators, the
impact of those predators on species
passing through the development does
not appear to have been considered.
The secondary impact of predators on
diadromous fish should be fully
considered in the EIA.

See above response to NatureScot’s issue raised in relation to diadromous
species. Impacts on diadromous species arising from the introduction of new
hard substrates and potential for fish aggregation have been assessed under
Impact 9 in Section 10.7, with potential cumulative impacts considered under
Impact 19 in Section 10.9.

September
2023

Fisheries
Management
Scotland - Scoping
Opinion (via. MD-
LOT)

FMS note that flicker impacts from
turbines are only expected to occur
during the brief period of the day when
receptor, turbine and sun are aligned,
and therefore represent a sub-set of
the larger potential impacts arising
from direct perception of movement
above the surface. As fish are
susceptible, and therefore highly
sensitive, to predation from above,
how they perceive and react to such
movement requires further
investigation.

FMS further note that there is currently
no information on the risk of visual
impacts of moving turbine blades.
However, FMS highlights that there is
accumulating evidence for widespread

The majority of published research on the behavioural effects of diadromous fish
species to visual effects purely relate to artificial light, as opposed to
shadowr/flicker effects from moving turbines. For example, Vowles and Kemp
(2021) observed that downstream migrating European eel were less likely to
migrate down an artificially lit route option than an unlit route option. Similarly,
Riley et al. (2012) reported that Atlantic salmon smolts at the River Itchen,
England, exposed to streetlights during downstream migration, showed more
random timing of migration, when compared to non-lit years, when migration was
correlated to sunset. Furthermore, Atlantic salmon, in fish farms, when exposed
to submerged artificial light, were observed to increase their swimming depth
(Juell et al., 2003). This lack of published scientific literature on the potential
effects of shadow flicker on diadromous fish, was highlighted by Dodd and Briers
(2021), who concluded that there is no specific evidence available to support or
refute any biological or ecological impact of shadow flicker from wind turbine
blades on Atlantic salmon. Current literature investigating the potential impacts
from wind turbine shadow flicker (in the form of flickering light) relates only to
research on possible human impacts (Harding et al., 2008).

Atlantic salmon and sea trout are commonly located near the sea surface, and
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Date Consultee and Description/ Issues Raised How this has been considered in this Chapter
Type of
Consultation
avoidance of offshore turbines by therefore have the potential to be exposed and/or receptive to visual stimuli,
large-bodied birds. If this is the case associated with offshore infrastructure, such as flicker effects from moving
for migratory fish, then site specific and turbines. However, taking into consideration the distance of the wind turbines
cumulative impact studies will be from the coast (where it is anticipated that visual or olfactory stimuli for fish
required. This potential impact should returning to natal rivers play an important navigational role (Keefer and Caudill,
be scoped into the EIA. 2014)), it is not expected that offshore wind turbines will result in behavioural
responses in in diadromous species. Furthermore, considering the height of the
turbine blades above the surface of the water, in the context of other visual
stimuli such as distortions of the water surface, and cloud cover, it is unlikely that
flicker effects will have adverse effects on diadromous fish. Atlantic salmon and
sea trout are commonly located near the sea surface, and therefore have the
potential to be exposed and/or receptive to visual stimuli, associated with
offshore infrastructure, such as flicker effects from moving turbines. Therefore,
considering the lack of published research on the risk of visual impacts of
moving turbine blades on diadromous fish, it is not possible to undertake a
comprehensive impact assessment. This impact has therefore not been
assessed within this EIAR.
September Fisheries FMS recognises where a Natura site is  See above response to NatureScot’s issue raised in relation to diadromous
2023 Management involved, and in the context of the wild  species.
(S);?ﬁi%r;d(\'/iaslc&%r_'g salmon crisis, the onus is on the Specific consideration for various impact pathways arising from the Proposed
LoT) developer to demonstrate no impact Development on diadromous species have been assessed in Section 10.7, with
and in the absence of that the potential cumulative impacts considered in Section 10.9.
precautionary principle must apply. Further to this, the RIAA for the Proposed Development (Muir Mhor Offshore
There is a clear and urgent need to Wind Farm Limited, 2024) details potential impacts on designated sites.
fund, plan and start strategic research
on the movement, abundance,
swimming depth, feeding behaviour
and impact pathways relevant to
diadromous fish.
Research would clearly feed into the
potential mitigation measures that
might be deemed appropriate, and the
conditions under which such mitigation
should be enacted.
September Fisheries FMS note that as highlighted above, See above response to NatureScot’s issue raised in relation to Specific
2023 Management understanding of many of these risks is  consideration for various cumulative impact pathways arising from the Proposed

Scotland - Scoping
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Date Consultee and Description/ Issues Raised How this has been considered in this Chapter
Type of
Consultation
Opinion (via. MD- insulfficient to support proposals for Development and other projects on diadromous species have been assessed in
LOT) mitigation even at this late stage when  section 10.9.
substantial developments are being
submitted for licensing. The cumulative
impact of this proposal alongside those
developments already submitted or
likely to follow in the near future is
potentially even greater.
September RSPB Scotland The RSPB highlights that sandeel are Consideration of impacts to sandeel populations and their designation as a PMF
2023 (Ornithology - Prey  Priority Marine Features in Scotland from the Proposed Development alone and cumulatively with other OWFs have
Species) due to their ecosystem importance and been assessed assessment in Sections 10.7 and 10.9.
are vulnerable to impacts from Additionally, sandeel have been assessed as a feature of the Turbot Bank MPA
development. The placement of a assessment (Volume 3, Appendix 9.2 (Marine Protected Area Assessment
windfarm or cabling on top of a key Report)).
sandeel spawning and nursery ground £y hermore, the potential effects of changes in sandeel to local ornithology have
could have wider implications for also been considered in Volume 2, Chapter 11 (Offshore and Intertidal
recruitment into the sandeel population Ornithology).
with secondary impacts to seabirds
and other sandeel dependent species.
The RSPB further notes that the
proposed offshore export cable
corridor overlaps with the Turbot Bank
NC MPA. This is an important sandeel
site, including for Raitt's sandeel (a UK
BAP species) and has been identified
as having potential to act as a source
of young sandeel for maintaining and
restocking surrounding areas.
September Ugie District The UDSFB request assurance that no A thorough assessment of potential impacts from the Proposed Development on
2023 Salmon Fishery migrating wild salmon or sea trout will  migratory Atlantic Salmon and sea trout has been conducted in Section 10.7.

Board (UDSFB) -
Scoping Opinion
(via. MD-LOT)

be put at risk in the sea and in the river
Ugie during the construction phase
and during the ongoing running of the
Proposed Development.

Further to this, cumulative impacts on Atlantic salmon and sea trout from the
Proposed Development and other projects have been assessed in Section 10.9.
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10.5. BASELINE ENVIRONMENT

10.5.1.

This section presents a summary of the fish and shellfish ecology baseline environment study
area, the baseline characterisation methodology, baseline conditions and limitations and
assumptions of the data used. The supporting analysis undertaken to develop this baseline is
provided in Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report).

STUDY AREA

10.5.2.

10.5.3.

10.5.4.

10.5.5.

10.5.6.

Figure 10-1 shows the fish and shellfish ecology study areas, which include the following
areas and Zols:

e Array Area,

e Offshore Export Cable Corridor (ECC) (collectively the Array Area and Offshore ECC
comprise the ‘Primary Study Area’);

e Intertidal area seaward of MHWS;

e Areas that have the potential to be impacted by secondary impacts such as increased
suspended sediment and sediment deposition (Secondary Zol); and

e Areas that may be impacted by UWN (UWN Zol).

Hereafter, the term ‘study area’ will be used to refer to the area encompassing all areas listed
above. Where appropriate to inform the assessment, reference will be made to the individual
areas and Zols.

The primary study area comprises the footprint of the Array Area and offshore ECC of the
Proposed Development, shown in Figure 10-1. The term "primary impacts" refers to the direct
impacts on fish and shellfish species within the Array Area and offshore ECC boundaries (the
primary study area) including factors such habitat disturbance and habitat loss.

The term “secondary impacts” refers to the indirect impacts on fish and shellfish that arise
from changes to the physical environment, particularly increased suspended sediment and
sediment deposition. For secondary impacts, a wider Zol has been used, encompassing the
area over which suspended sediment might travel following disturbance as a result of the
Proposed Development works. This secondary Zol represents a buffer around the Proposed
Development defined by the mean spring tidal excursion. This represents the expected
maximum distance that suspended sediments may be transported on a mean spring tide in a
flood and/or ebb direction, although most suspended sediments are expected to be deposited
much closer to the disturbance activity. The tidal excursion distances surrounding the Array
Area and the offshore ECC range from 12 to 15 km from the Proposed Development (see
Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical Report)). Therefore, as a
precautionary measure, the secondary Zol has been defined as a 15 km buffer from the
Proposed Development Array Area and offshore ECC. The secondary Zol is shown in Figure
10-1.

The largest Zol relates to UWN from piling in the Array Area. Recent research has shown that
fish responses to UWN stimuli can vary significantly, with some species exhibiting fleeing
behaviour while others may remain relatively static (Popper and Hastings, 2009; Hawkins et
al., 2015). To account for this variation, the assessment has considered both fleeing and static
receptor modelling approaches, as recommended in guidance for recent offshore wind farm
projects such as Awel y Mér, Sheringham Shoal, Dudgeon, Hornsea Four, and Norfolk Boreas
(BEIS, 2022). This approach ensures a comprehensive evaluation of the potential impacts of
UWN on different fish species and life stages within the UWN Zol. The maximum impact
ranges for both static (e.g., spawning Atlantic herring (Clupea harengus) or spawning sandeel
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spp.) and fleeing receptors, as informed by UWN modelling for the Proposed Development
(the outputs of which are detailed in Volume 3, Appendix 3.1 (Subsea Noise Technical
Report)) have been utilised to inform the 120 km Zol for UWN impacts, which is considered
suitably precautionary for the Proposed Development. To note, the 120 km Zol for UWN is
centered around the Array Area boundary, as that is where the majority of UWN will be
generated from, primarily from piling operations.

Where there is relatively recent data from OWF applications from outside of the study area,
these may also be utilised to provide context for the wider region. This is important, for
example, for providing information from surveys on migratory fish. Examples of OWF outside
of the study area are included in Table 10-4.
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METHODOLOGY

10.5.8. The approach taken to develop a robust characterisation of the fish and shellfish ecology
baseline environment for the Proposed Development was evidence-based, combining a
review of existing data and information from sufficiently similar or analogous studies, the
analysis of site-specific survey data, and a comprehensive desktop study. Further details on
the evidence-based approach undertaken are detailed in Volume 3, Appendix 10.1 (Fish and
Shellfish Technical Report).

DESKTOP STUDY

10.5.9. For the purposes of this Fish and Shellfish Ecology Chapter, a desk-based review was
undertaken using relevant spatial and scientific data sources. These existing data sets and
literature encompassing the study area, are presented in Table 10-4.

SITE-SPECIFIC SURVEYS

10.5.10. Site-specific surveys were carried out to collect data and inform the assessment of Fish and
Shellfish Ecology. Geophysical and environmental surveys were carried out at the Proposed
Development, the locations of which are shown in Figure 10-2 and are detailed in Table 10-5.

MODELLING

10.5.11. Sediment plume modelling was conducted by Port & Coastal Solutions in support of this
chapter to assess temporary localised increases in Suspended Sediment Concentration
(SSC) and associated sediment deposition in relation to the Proposed Development. The
modelling results are provided in Volume 3, Appendix 7.2 (Marine Processes Modelling
Report) of the EIAR.

10.5.12. The numerical models covering the northern North Sea off the east Scottish coast were set
up using the MIKE software suite developed by the Danish Hydraulic Institute (DHI). This
internationally recognized state-of-the-art software has been previously utilised in the UK and
globally for similar projects, such as Marine Scotland's Pentland Firth and Orkney Waters
climatology study and several other UK OWF developments such as West of Orkney
Windfarm. The MIKE suite comprises hydrodynamic (HD), Spectral Wave (SW), and Particle
Tracking (PT) modules, enabling the simulation of all relevant coastal processes. Specifically:

e The MIKE HD model simulates water level variations and flows in response to various
forcing factors in marine, coastal, and estuarine regions;

e The MIKE SW model allows for the growth, decay, and transformation of wind-
generated and swell waves in offshore and coastal environments; and

e The MIKE PT model simulates the transport of cohesive sediments (mud) and sand
driven by flows and waves, including their interaction with the bed through settling,
deposition, and erosion. Critically, this model can run in three-dimensional mode,
essential for assessing construction impacts required for the study.

10.5.13. In support of this chapter, noise modelling was also conducted to examine elevations in UWN
levels and associated noise propagation in relation to the Proposed Development. The
methodology and results of the modelling can be found in Volume 3, Appendix 3.1 (Subsea
Noise Technical Report).







Table 10-4 Key Sources of Fish and Shellfish Ecology literature and data
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Source, Author, and Year

Summary

Coverage of Study Area(s)

Existing OWF Data

Ossian OWF: EAIR Chapter 9: Fish and shellfish
ecology (RPS, 2024)

Provides an analysis of data collected
across the wider northern North Sea
biogeographic region.

Ossian OWF: Appendix 9.1 - Fish and Shellfish
Ecology Technical Report (RPS, 2024a)

Baseline characterisation of the fish

and shellfish ecology for the Ossian array
area and export corridor. No site/project
specific fish surveys.

The Ossian OWF overlaps with the UWN Zol of
the study area for the Proposed Development.

Hywind Scotland OWF: EIAR, Chapter 10: Fish and
shellfish ecology (Statoil, 2015)

Provides an analysis of data collected
across the wider northern North Sea
biogeographic region.

Hywind Scotland OWF Benthic and Geophysical
Survey Report (MMT, 2013)

Site-specific survey report characterising
the benthic and geophysical environment of
the Hywind Scotland OWF study area.

The Hywind Scotland OWF is adjacent to the
Proposed Development, to the south of the
offshore ECC.

Moray East OWF EIAR Technical Appendices — Fish
and shellfish ecology Technical Report (Moray
Offshore Renewables Limited, 2011)

Provides an analysis of data collected
across the wider northern North Sea
biogeographic region.

Moray East OWF EIAR Technical Appendices —
Sandeel Survey Report (Moray Offshore Renewables
Limited, 2012)

Site-specific survey report investigating and
detailing the distribution of sandeels within
the Moray East OWF area.

Moray East OWF EIAR — Chapters 7.2 and 10.2:
Fish and shellfish ecology (Moray Offshore
Renewables Limited, 2011)

Provides an analysis of data collected
across the wider northern North Sea
biogeographic region.

The Moray East OWF lies approximately 77.6 km
from the offshore ECC of the Proposed
Development in the Moray Firth with no direct
overlap with the study area. Although the project
is less than 120 km from the Proposed
Development, as the UWN Zol is centered around
the greatest noise generating area (i.e. within the
Array Area), the Moray East OWF is outside of
this UWN Zol. These data are used to provide
information on the wider biogeographic region.

Moray West OWF EIAR — Chapter 8: Fish and
shellfish ecology (Moray OWF (West) Limited, 2018)

Provides an analysis of data collected
across the wider northern North Sea
biogeographic region.

The Moray West OWF lies approximately 85.5 km
from the Proposed Development in the Moray
Firth, with no direct overlap with the study area.
Although the project is less than 120 km from the
Proposed Development, as the UWN Zol is
centered around the greatest noise generating
area (i.e. within the Array Area), the Moray West
OWF is outside of this UWN Zol. These data are
used to provide information on the wider
biogeographic region.
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Source, Author, and Year

Summary

Coverage of Study Area(s)

Beatrice OWF EIAR — Annex 11A: Fish and shellfish
ecology Technical Report (Beatrice OWF Ltd, 2012a)

Details the Fish and shellfish ecology
baseline for the Beatrice OWF.

Beatrice OWF EIAR — Chapter 11: Fish and shellfish
ecology (Beatrice OWF Ltd, 2012b)

Provides an analysis of data collected
across the wider northern North Sea
biogeographic region.

Beatrice OWF Pre-Construction Baseline Sandeel
Survey — Technical Report (Beatrice OWF Ltd, 2014)

Pre-construction monitoring reports
describing the sandeel distributions within
the Beatrice OWF, through data collection
(modified shellfish dredge).

Beatrice OWF Post-Construction Baseline Sandeel
Survey — Technical Report (Beatrice OWF Ltd, 2021)

Post-construction monitoring reports
describing the sandeel distributions within
the Beatrice OWF, through data collection
(modified shellfish dredge).

Beatrice OWF — Pre-Construction Cod (Gadus
morhua) Spawning Survey — Technical Report
(Beatrice OWF Ltd, 2015)

Pre-construction monitoring reports
describing the degree of cod spawning
activity throughout the Beatrice OWF.

Beatrice OWF — Post-Construction Cod (Gadus
morhua) Spawning Survey — Technical Report
(Beatrice OWF Ltd, 2021)

Post-construction monitoring reports
describing the degree of cod spawning
activity throughout the Beatrice OWF.

Beatrice OWF Pre-Construction Baseline Herring
Larval Surveys Summary Technical Report (Beatrice
OWF Ltd, 2016)

Pre-construction monitoring report to form a

baseline data set of herring larvae density
within the Beatrice OWF during spawning.

Beatrice OWF — Atlantic Salmon (Salmo salar) smolt
movements survey (Beatrice OWF Ltd, 2017)

Survey on Atlantic Salmon S. Salar smolt
movements in the Cromarty and Moray
Firths.

The Beatrice OWF lies approximately 94.7 km
from the Proposed Development in the Moray
Firth, with no direct overlap with the study area.
Although the project is less than 120 km of the
Proposed Development, as the UWN Zol is
centered around the greatest noise generating
area (i.e. within the Array Area), the Beatrice
OWEF is outside of this UWN Zol. These data are
used to provide information on the wider
biogeographic region.

Publicly Available Datasets

International Council for the Exploration of the Sea
(ICES) North Sea International Bottom Trawl Survey
(IBTS) (2019-2023) (ICES, 2023c)

Data of the species caught during a North
Sea Bottom Trawl survey. Surveys cover
the greater North Sea regions.

ICES Offshore Beam Trawl Surveys (2019-2023)
(ICES, 2023b)

Data of the species caught during a beam
trawl survey. Surveys cover the greater
North Sea regions.

UK sea fisheries annual statistics reports (Marine
Management Organisation (MMO), 2022)

Information on landings of the UK fishing
fleet, and the status of commercial fish
stocks.

Full coverage of the study area and across the
northern North Sea.
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Source, Author, and Year

Summary

Coverage of Study Area(s)

EMODnet broad scale seabed habitat map for
Europe (EUSeaMap) (EMODnet, 2021)

EUSeaMap is a predictive habitat map
covering the North Sea. Habitats are
described in the European Nature
Information System (EUNIS) 2019
classification system.

Fisheries datasets available from the National Marine
Plan Interactive (NMPi)?, including ScotMap data

An interactive map providing a data
overview of the Scottish marine
environment.

British Geological Survey (BGS) Marine Sediment
Particle Size Analysis (PSA) dataset sourced from
the BGS Geolndex Offshore portal®

National PSA dataset.

The International Herring Larval Survey (IHLS) data
(ICES), 2007-2024.4

Herring larvae surveys were conducted
across the North Sea and adjacent areas to
provide quantitative estimates of herring
larval abundance used as a relative index
of changes in herring spawning stock
biomass.

Integrated Fisheries System Holding (IFISH)
Database®

Fisheries data, including landings and
fishing effort data.

Centre for Environment, Fisheries and Aquaculture
Science (Cefas) research publications and broad
scale survey data®

Broadscale national trawl survey data.

North Sea fish spawning and nursery grounds NMPi,
(2015), as categorised by Coull et al., 1998 and Ellis
etal., 2012.

These studies map the distribution of North
Sea fish and/ or shellfish species’ spawning
and nursery grounds using various survey
data.

Information on species of conservation interest
(JNCC, 2007)"

Species specific data, of native species of
conservation interest. This data source

2 https://marinescotland.atkinsgeospatial.com/nmpi/

3 https://mapapps2.bgs.ac.uk/geocindex_offshore/home.html? ga=2.180987503.950258115.1631718927-1084102068.1631718927

4 https://obis.org/dataset/94829f49-bab5-48a5-9a64-38425f8ec640

5 https://data.cefas.co.uk/search/1/ifish

8 https://data.cefas.co.uk/

7 https://hub.jncc.gov.uk/assets/98fb6dab-13ae-470d-884b-7816afce42d4#UKBAP-priority-fish.pdf



https://marinescotland.atkinsgeospatial.com/nmpi/
https://mapapps2.bgs.ac.uk/geoindex_offshore/home.html?_ga=2.180987503.950258115.1631718927-1084102068.1631718927
https://obis.org/dataset/94829f49-bab5-48a5-9a64-38425f8ec640
https://data.cefas.co.uk/search/1/ifish
https://data.cefas.co.uk/
https://hub.jncc.gov.uk/assets/98fb6dab-13ae-470d-884b-7816afce42d4#UKBAP-priority-fish.pdf
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Source, Author, and Year

Summary

Coverage of Study Area(s)

provides species specific data on native
species of conservation interest.

A verified distribution model for the lesser sandeel,
Ammodytes marinus (Langton et al., 2021)8

The model focuses on the distribution
patterns of this specific species, providing
valuable insights into its habitat and
ecological preferences

ICES Reports and Research Publications9

International research reports and
publications.

Reports and publications to inform the
assessment. No spatial coverage.

Feature Activity Sensitivity Tool (FEAST)
(NatureScot, 2020)°

The FeAST (Feature Activity Sensitivity
Tool) developed by NatureScot is a
guidance resource that helps assess the
sensitivity of marine features in Scotland's
seas to various human activities. Rather
than simply identifying the presence or
absence of marine features, the FeAST tool
provides information on the sensitivity
levels of these features to different types of
human pressures.

Reports and publications to inform the
assessment. No spatial coverage.

8 https://spatialdata.gov.scot/geonetwork/srv/eng/catalog.search#/metadata/Marine _Scotland FishDAC 12377

9 https://www.ices.dk/Science/publications/Pages/Scientific-reports.aspx

10 hitps://www.nature.scot/professional-advice/protected-areas-and-species/priority-marine-features-scotlands-seas/feature-activity-sensitivity-tool-feast



https://spatialdata.gov.scot/geonetwork/srv/eng/catalog.search#/metadata/Marine_Scotland_FishDAC_12377
https://www.ices.dk/Science/publications/Pages/Scientific-reports.aspx
https://www.nature.scot/professional-advice/protected-areas-and-species/priority-marine-features-scotlands-seas/feature-activity-sensitivity-tool-feast

Table 10-5 Project specific surveys undertaken to inform the Fish and Shellfish Ecology baseline characterisation
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Survey

Summary

Coverage of the Study Area

Muir Mhor Offshore Geophysical
Survey (EGS, 2023a) - Annex 1 of
Volume 3, Appendix 9.1 (Offshore
Baseline Survey Reports)

EGS carried out geophysical surveys, providing detailed information
on underwater topography, seabed features, geological layers, and
sediment composition within the study area. These surveys
collectively enabled a comprehensive characterisation of the
geophysical environment, crucial for assessing habitat suitability and
potential impacts on Fish and Shellfish Ecology.

Muir Mhor Offshore
Environmental Survey (EGS,
2023b) — Annex Il of Volume 3,
Appendix 9.1 (Offshore Baseline
Survey Reports)

EGS collaborated with Benthic Solutions Ltd (BSL) to assist in
conducting an environmental survey focused on characterising the
benthic environment in specific lots to identify habitats of
conservation significance and gather baseline data. The survey
utilised sediment grab samplers, high-resolution cameras, and water
samplers for eDNA analysis. Sediment grab samplers were used,
along with seabed video footage for habitat evaluation. Water
samples collected for eDNA analysis provided valuable insights into
fish and shellfish species diversity without disturbing their habitats
directly. The high-resolution cameras also assisted in characterising
the fish and shellfish assemblage by capturing visual data on species
present within the primary study area.

Full coverage of the primary study area.




@e MUIR MHOR

DESCRIPTION OF BASELINE ENVIRONMENT

10.5.14.

A summary of the fish and shellfish ecology baseline environment is provided in the following
sections. Full details of the analysis undertaken to develop the fish and shellfish ecology
baseline is provided in Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report).

SPECIES ASSEMBLAGE

OFFSHORE WIND DEVELOPMENT SURVEYS

10.5.15.

10.5.16.

10.5.17.

10.5.18.

10.5.19.

10.5.20.

10.5.21.

The characterisation of the species assemblages found within the study area has been
completed by drawing upon work that was undertaken in support of various OWF projects in
the vicinity of the Proposed Development as well as wider information from publicly available
sources (Table 10-3), as the species and habitats found within these areas are likely to be
broadly similar.

Hywind Scotland OWF is located approximately 35.6 km from the Array Area and is adjacent
to the offshore ECC. The Ossian OWF is located within the UWN Zol and is approximately
51.4 km from the closest point of the Proposed Development.

The Moray West OWF, Moray East OWF and the Beatrice OWF are located 85.5 km, 77.6 km,
and 94.7 km, respectively, from the closest point of the Proposed Development. Although this
is outside the UWN Zol which is centered around the Array Area, these sites have been used
to provide information about the wider reginal context.

The Hywind Scotland OWF EIAR (Statoil, 2015) described assemblages principally made up
of the pelagic species, herring, Atlantic mackerel (Scomber scombrus), and sprat (Sprattus
spratuss). Demersal fish assemblages consisted of; lesser sandeel (Ammodytes tobianus),
cod (Gadus morhua), haddock (Melanogrammus aeglefinus), whiting (Merlangius
merlangus), plaice (Pleuronectes platessa), lemon sole (Microstomus Kitt), anglerfish
(Lophius piscatorius), ling (Molva molva), European hake (Merluccius merluccius), Norway
pout and saithe (Pollachius virens) (Statoil, 2015).

As part of the Hywind Scotland OWF benthic survey (MMT, 2013), samples taken throughout
the offshore ECC identified the presence of ocean quahog (Arctica islandica). The following
shellfish species were also present within the vicinity of the Proposed Development (as
informed by landings data); veined squid (Loligo forbesi), brown crab (Pagurus cancer), velvet
crab (Necora puber), scallop (Pecten maximus), Norway lobster (Nephrops norvegicus)
(hearafter referred to as ‘Nephrops’) and European lobster (Homarus gammarus). Grab
samples taken throughout the Hywind Scotland OWF offshore ECC also identified the
presence of Raitt’'s sandeel (Ammodytes marinus) and lesser sandeel (Ammodytes tobianus).

The Hywind Scotland OWF EIAR (Statoil, 2015) also described the following diadromous
migratory species as having the potential to transit through the Hywind Scotland OWF and
surrounding area; Atlantic salmon (Salmo salar), sea trout (Salmo trutta), European eel
(Anguilla anguilla), river lamprey (Lampetra fluviatillis) and sea lamprey (Petromyzon
marinus), all of which are PMFs. Migratory species are discussed in more detail in paragraphs
10.5.46 - 10.5.48. In terms of elasmobranchs. The Hywind Scotland OWF EIAR (Statoil, 2015)
described the presence of spotted ray, common skate (Dipturus batis), spurdog and tope
shark (Galeorhius galeus) within the study area. A boat survey subcontracted to inform the
Hywind Scotland OWF EIAR recorded no basking shark observations (NRP, 2015).

No project or site-specific fish surveys were conducted for the Ossian OWF EAIR (RPS,
2024). The majority of datasets utilised in the study have also been investigated and
considered for the assessment for the Proposed Development. The EIAR chapter and the
Technical Report (RPS, 2024a) were checked to ensure no additional species or
assemblages were identified within the Ossian documentation that were not already identified
for the current study.



10.5.22.

10.5.23.

10.5.24.

10.5.25.

10.5.26.
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Epibenthic beam trawl surveys conducted in the Moray West OWF site between May and
June 2017 (Moray OWF (West) Limited, 2018) revealed a species assemblage typical of this
area of the northern North Sea. The fish community was largely characterised by demersal
species recorded in abundance during surveys, including dragonet (Callionymus lyra), dab
(Limanda limanda), plaice, lemon sole, pogge (Agonus cataphractus) and grey gurnard
(Eutrigla gurnardus). Raitt’s sandeel and lesser sandeel were also identified from these
surveys. Typically, areas with higher diversity tended to be recorded in more heterogenous
seabed habitats often present in these areas which included patches of coarser mixed
sediment, gravels and stones/cobble and a similar trend was evident at both the Moray East
and Beatrice OWF surveys (Beatrice OWF, 2012; Moray Offshore Renewables Limited,
2011). Other fish species recorded included anglerfish, Norwegian topknot (Phrynorhombus
norvegicus) and sandeel (unspecified species).

Epibenthic beam trawl surveys conducted in the Moray West OWF site between May and
June 2017 (Moray OWF (West) Limited, 2018) revealed the presence of a species of cuckoo
ray (Leucoraja naevus) and lesser spotted dogfish, (Moray OWF (West) Limited, 2018).

Otter trawl surveys conducted in March 2021 to identify cod distributions across the Beatrice
OWF site revealed haddock was the most abundant species accounting for the majority of the
total by-catch, followed by whiting and squid, whilst cod abundance was relatively low
(Beatrice OWF, 2021b).

Sandeel surveys were undertaken by both Moray East OWF and Beatrice OWF in 2012 and
2014 respectively. Both surveys reported similar findings, indicating patchy sandeel
distribution across the sites, with sandeel recorded in relatively low numbers and Raitt's
sandeel being the most prevalent species (Beatrice OWF, 2014; Moray OWF Renewables
Ltd, 2012). Post-construction monitoring at Beatrice OWF undertaken in 2021 reported
significant increases in sandeel numbers when compared to the 2014 pre-construction
surveys (Beatrice OWF, 2014; Beatrice OWF, 2021b). The Beatrice OWF post-construction
survey consequently concluded that there was no indication that the construction of the
Beatrice OWF resulted in negative impacts on the local sandeel population (Beatrice OWF,
2016b, 2021b).

Pre-construction herring larvae surveys were undertaken by Beatrice OWF Limited in 2014
and 2016 (Beatrice OWF, 2014; Beatrice OWF, 2016a), as well as for the Moray East OWF
(Moray East OWF, 2019). The data collected across Beatrice OWF identified larvae in the
north of the Beatrice OWF Array Area, with the larvae originating from well-established
spawning grounds located around Orkney and Shetland, transported south with the tides and
currents. Larval spatial distributions reported in the Moray East OWF identified lower larval
densities in the vicinity of the Moray East array and offshore ECC compared to areas around
Shetland and Orkney. The spatial distribution of herring larvae indicated the highest
distributions were found north-east of the Moray East OWF Array Area. However, the smallest
larvae were generally found to the south of the array and the largest were found to the north
of the Moray East OWF Array Area (Moray OWF Renewables Ltd, 2012).

REGIONAL SURVEYS

10.5.27.

Bottom trawl and beam trawl surveys were undertaken throughout the northern North Sea,
from 2019 and 2023 as part of the North Sea IBTS and the North Sea Beam Trawl Surveys
(ICES, 2023c). The trawl surveys identified assemblages consisting of haddock, whiting,
herring, Norway pout (Trisopterus esmarkii), cod, Atlantic mackerel, plaice, anglerfish
(Lophiiformes) and Raitt’s sandeel (Ammodytes marinus).
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Various elasmobranch species are also known to be present in the Moray Firth area (Scottish
Government, 2011). An extensive literature review by Ellis et al. (2004) found that
elasmobranch populations identified within this region include spurdog (Squalus acanthias),
lesser spotted dogfish (Scyliorhinus canicular), starry ray (Amblyraja radiata), cuckoo ray,
thornback ray and spotted ray (Raja montagui).

SITE-SPECIFIC SURVEYS

10.5.29.

10.5.30.

In the Array Area, eDNA surveys indicated the presence of various fish species, including
Atlantic herring, whiting, European hake, Atlantic mackerel, and cuckoo skate/ray. Notably,
the Atlantic herring, whiting, and European hake are designated as UK Biodiversity Action
Plan (BAP) Species, listed on the Scottish Biodiversity List, and recognized as (PMF in
Scotland (EGS, 2023a). The Array Area also supports species like long-nosed skate
(Beringraja rhina) and porbeagle (Lamna nasus), with the former being 'Near Threatened' on
the International Union for the Conservation of Nature (IUCN) Red List and the latter being a
Species of Conservation Interest (SOCI) and 'Vulnerable' according to the IUCN Red List.

In the offshore ECC, surveys recorded the presence of Atlantic herring, whiting, European
hake, brown trout, Atlantic mackerel, and three-spined stickleback. Among these species,
Atlantic herring, whiting, European hake are UK BAP Species, listed on the Scottish
Biodiversity List, and identified as PMFs in Scotland. Additionally, brown trout is listed on the
Scottish Biodiversity List and recognized as a PMF in Scotland (EGS, 2023b). The offshore
ECC area also supports species like Norway pout (Trisopterus esmarkii), which is a PMF in
Scotland. Furthermore, the area is home to species like cuckoo skate/ray and classified as
‘Least concern' on the IUCN Red List.

SPAWNING AND NURSERY GROUNDS

10.5.31.

10.5.32.

10.5.33.

10.5.34.

This section describes fish species which have spawning and nursery areas that overlap, or
are in close proximity to, the study area.

Spawning and nursery areas from Marine Scotland National Marine Plan interactive (NMPi)
2015, as categorised by Ellis et al. (2012) as either 'high' or 'low intensity' based on the level
of spawning activity or abundance of juveniles recorded in these habitats. When categorised
by Coull et al. (1998), these spawning or nursery grounds do not always provide this level of
detail, with areas given intensity measures of "high", "low" or "undetermined". The spatial
extent of the spawning grounds and the duration of spawning periods are considered likely to
represent the maximum theoretical extent of the areas and periods within which spawning will

occur and should not necessarily be considered as fixed boundaries.

Several species of fish and shellfish are known to either spawn or have nursery areas in
relatively close proximity to, or potentially overlapping with the study area (NMPi, 2015, as
categorised by Coull et al., 1998 and Ellis et al., 2012). These spawning and nursery sites
identified within and in proximity to the Proposed Development are presented in Table 10-6.
Table 10-7 provides a summary of spawning timings for the identified spawning grounds within
and in proximity to the study area.

Due to the demersal spawning nature of herring and sandeel, and therefore their increased
sensitivity to potential impacts from the development, herring and sandeel have been
addressed separately below. The spawning and nursery grounds (NMPi, 2015, as categorised
by Coull et al., 1998 and Ellis et al., 2012), discussed and illustrated below are considered
robust sources of information, as the physical drivers such as sediment type remain the same
(EMODnet, 2021) and are supplemented by site-specific PSA and geophysical survey data.
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Table 10-6 Summary of fish spawning and nursery habitats within the study area from data presented in NMPi maps (informed by Coull et al., 1998 and Ellis et al., 2012.)

Spawning grounds

Nursery grounds

Receptor Description Location relative to Figure Description Location relative to study area Figure
study area reference reference
Herring Spawning grounds Spawning grounds Figure 10-3 High intensity Low intensity nursery grounds Figure 10-6
of undetermined overlap the primary nursery grounds overlap the primary study area,
intensity overlap study area, both the overlap with the both the Array Area and the
with the footprint of  Array Area and the footprint of the offshore ECC.
the Proposed offshore ECC. Proposed H|gh intensity nursery grounds are
Development (Coull Development within the UWN Zol, approximately
etal., 1998). (Ellis et al., 2010). 2 km to the south of the offshore
ECC from the coastline to around
50 km west of the Array Area.
Sandeel High intensity High intensity Figure 10-3 Low intensity Low intensity nursery grounds Figure 10-6
spawning grounds spawning grounds nursery grounds overlap the primary study area,
overlap with the overlap the primary overlap with the both the Array Area and the
footprint of the study area, both the footprint of the offshore ECC.
Proposed Array Area and the Proposed
Development (Coull  offshore ECC. Development
et al., 1998; Ellis et (Coull et al., 1998;
al., 2010). Ellis et al., 2010).
Cod Low intensity Low intensity Figure 10-3 Low intensity Low intensity nursery grounds Figure 10-6
spawning grounds spawning grounds nursery grounds overlap the primary study area,
overlap with the overlap the primary overlap with the both the Array Area and the
footprint of the study area, both the footprint of the offshore ECC.
Proposed Array Area and the Proposed High intensity nursery grounds
Development (Coull  offshore ECC. Development overlap with a small portion of the
et al., 1998; Ellis et (Ellis et al., 2010). UWN Zol to the south-west of the
al., 2010). Array Area.
Plaice Low intensity Low intensity Figure 10-3 Low intensity Low intensity nursery grounds Figure 10-6

spawning grounds
overlap with the
footprint of the
Proposed
Development (Coull
et al., 1998; Ellis et
al., 2010).

spawning grounds
overlap the offshore
ECC, from the
coastline to around
20 km west of the
Array Area.

nursery grounds
overlap with the
footprint of the
Proposed
Development
(Coull et al., 1998;
Ellis et al., 2010).

overlap the primary study area,
both the Array Area and the
offshore ECC.
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Spawning grounds

Nursery grounds

Receptor Description Location relative to Figure Description Location relative to study area Figure
study area reference reference
Whiting Low intensity Low intensity Figure 10-4 High intensity Low intensity nursery grounds Figure 10-7
spawning grounds spawning grounds nursery grounds overlap the primary study area,
overlap with the overlap the primary overlap with the both the Array Area and the
footprint of the study area, both the footprint of the offshore ECC.
Proposed Array Area and the Proposed High intensity nursery grounds
Development (Coull  offshore ECC. Development overlap with the offshore ECC, from
etal., 1998; Ellis et (Coull et al., 1998;  the coastline to around 20 km west
al., 2010). Ellis et al., 2010).  of the Array Area.
Norway High intensity Low intensity Figure 10-4 Nursery grounds Nursery grounds overlap the Figure 10-7
pout spawning grounds spawning grounds of undetermined primary study area, both the Array
overlap with the overlap the primary intensity overlap Area and the offshore ECC.
footprint of the study area, both the with the footprint
Proposed Array Area and the of the Proposed
Development (Coull  offshore ECC. Development
etal., 1998) H|gh intensity (COU” etal.,
spawning grounds 1998).
overlap the Array
Area but do not
overlap the offshore
ECC.
Lemon Spawning grounds Spawning grounds Figure 10-4 Nursery grounds Nursery grounds overlap the Figure 10-7
sole of undetermined overlap the primary of undetermined primary study area, both the Array

intensity overlap
with the footprint of
the Proposed
Development (Coull
et al., 1998).

study area, both the
Array Area and the
offshore ECC.

intensity overlap
with the footprint
of the Proposed
Development
(Coull et al.,
1998).

Area and the offshore ECC.
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Spawning grounds

Nursery grounds

Receptor Description Location relative to Figure Description Location relative to study area Figure
study area reference reference
Nephrops Spawning grounds Spawning grounds Figure 10-4 Nursery grounds Nursery grounds overlap the Figure 10-7
of undetermined overlap the primary of undetermined primary study area, both the Array
intensity overlap study area, both the intensity overlap Area and the offshore ECC.
with the footprint of  Array Area and the with the footprint
the Proposed offshore ECC. of the Proposed
Development (Coull Development
et al., 1998). (Coull et al.,
1998).
Sprat Spawning grounds Spawning grounds Figure 10-5 Nursery grounds Nursery grounds overlap the Figure 10-8
of undetermined overlap the primary of undetermined primary study area, both the Array
intensity overlap study area, both the intensity overlap Area and the offshore ECC.
with the footprint of  Array Area and the with the footprint
the Proposed offshore ECC. of the Proposed
Development (Coull Development
et al., 1998). (Coull et al.,
1998).
Haddock  No known spawning  N/A - Nursery grounds Nursery grounds overlap the Figure 10-8
grounds overlap of undetermined primary study area, both the Array
with the study area. intensity overlap Area and the offshore ECC.
with the footprint
of the Proposed
Development
(Coull et al.,
1998).
Tope No known spawning  N/A - Low intensity Low intensity nursery grounds Figure 10-8
grounds overlap nursery grounds overlap the offshore ECC and are
with the study area. overlap with the located 20 km west of the Array
footprint of the Area.
Proposed
Development
(Ellis et al., 2010).
Spurdog No known spawning  N/A - Low intensity Nursery grounds overlap the Figure 10-8

grounds overlap
with the study area.

nursery grounds
overlap with the

primary study area, both the Array
Area and the offshore ECC.
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Receptor Description Location relative to Figure Description Location relative to study area Figure
study area reference reference

Spawning grounds Nursery grounds

footprint of the
Proposed
Development
(Ellis et al., 2010).

Spotted No known spawning  N/A - Low intensity Low intensity nursery grounds Figure 10-9
ray grounds overlap nursery grounds overlap the primary study area,
with the study area. overlap with the both the Array Area and the
footprint of the offshore ECC.
Proposed

Development
(Ellis et al., 2010).

Anglerfish  No known spawning  N/A - Low intensity Low intensity nursery grounds Figure 10-9
grounds overlap nursery grounds overlap the primary study area,
with the study area. overlap with the both the Array Area and the
footprint of the offshore ECC.
Proposed High intensity nursery grounds are
Development located ~50km north of the primary
(Ellis et al., 2010).  study area, within the UWN Zol.
Blue No known spawning  N/A - Low intensity Low intensity nursery grounds Figure 10-9
whiting grounds overlap nursery grounds overlap the primary study area,
with the study area. overlap with the both the Array Area and the
footprint of the offshore ECC.
Proposed

Development
(Coull et al., 1998;
Ellis et al., 2010).

Saithe No known spawning  N/A - Nursery grounds Nursery grounds overlap the Figure 10-9
grounds overlap of undetermined primary study area offshore ECC
with the study area. intensity overlap and are located 40 km west of the

with the footprint Array Area.
of the Proposed

Development

(Ellis et al., 2010).
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Spawning grounds

Nursery grounds

Receptor Description Location relative to Figure Description Location relative to study area Figure
study area reference reference
Ling No known spawning  N/A - Low intensity Low intensity nursery grounds Figure 10-10
grounds overlap nursery grounds overlap the primary study area,
with the study area. overlap with the both the Array Area and the
footprint of the offshore ECC.
Proposed
Development
(Ellis et al., 2010).
Mackerel  No known spawning  N/A - Low intensity Low intensity nursery grounds Figure 10-10
grounds overlap nursery grounds overlap the primary study area,
with the study area. overlap with the both the Array Area and the
footprint of the offshore ECC.
Proposed
Development
(Ellis et al., 2010).
Hake No known spawning  N/A - Low intensity Low intensity nursery grounds Figure 10-10

grounds overlap
with the study area.

nursery grounds
overlap with the
footprint of the
Proposed
Development

(Ellis et al., 2010).

overlap the primary study area,
both the Array Area and the
offshore ECC.
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Table 10-7 Summary of spawning timings (Coull et al., 1998) in the northern North Sea for fish species known to have
spawning habitats in the study area (Light blue indicates spawning period, dark blue indicates peak spawning period)

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Plaice
Whiting
Atlantic cod

Sandeel

Atlantic herring
(Buchan
Stock)

Lemon sole

Sprat

Norway pout

Nephrops
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HERRING

10.5.35.

10.5.36.

10.5.37.

10.5.38.

10.5.39.

The Array Area and offshore ECC lie within the Buchan herring stock spawning ground that
runs along the east coast of Scotland and extends offshore (NMPi, 2015, as categorised by
Coull et al., 1988). Herring are particularly sensitive to noise impacts as they have swim
bladders involved in hearing (Popper et al., 2014). Herring spawning, which occurs in August
and September, requires well-oxygenated sediments for their eggs to gestate. They are
demersal spawners that lay their eggs onto or into seabed sediments, limited to specific
sediment types.

Pre-construction herring larvae surveys in the nearby Beatrice OWF in 2014 and 2016
(Beatrice OWF, 2014; Beatrice OWF, 2016a) and Moray East OWF (Moray East OWF, 2019)
have shown that larvae from Orkney and Shetland move south with tides, with higher densities
recorded northeast of the Moray East OWF and smaller larvae recorded to the south. The
Proposed Development is situated within low-intensity nursery grounds and lies near high-
intensity nursery grounds (NMPi, 2015, as categorised by Coull et al., 1998 and Ellis et al.,
2012).

Analysis of the particle size distribution was detailed in Volume 3, Appendix 10.1 (Fish and
Shellfish Technical Report) within the Array Area deemed the majority of the area to be
‘Unsuitable’ for herring spawning, suggesting a very low likelihood of spawning. However,
some discrete areas in the southern part of the Array Area have been classified as either
‘Marginal' or 'Preferred’, corresponding to where habitats were categorised as either 'Offshore
Circalittoral Mixed Sediment' or 'Offshore Circalittoral Coarse Sediment' (EMODnet, 2021) as
shown in Figure 10-11. Similarly, the analysis of the particle size distribution at stations within
the offshore ECC indicated that most sites were categorised as 'Unsuitable'. However, the
nearshore portion of the offshore ECC showed a higher likelihood of herring spawning due to
a higher gravel content and lower fines content, with some areas classified as 'Marginal' or
‘Preferred' (MarineSpace et al., 2013a) as shown in Figure 10-11.

The IHLS data provides a proxy for actively spawning herring (based on distribution and
density of larvae) in the study area (Figure 10-12). As evident in Figure 10-12, areas of peak
herring larval density lie within the secondary Zol and interact with the offshore ECC. Densities
of up to 35,000 larvae per m2 are present within the offshore ECC, with peak densities of up
to 59,000 larvae per m? evident immediately north of the offshore ECC. Herring larvae
densities are comparatively lower in the Array Area, with densities of up to 3,500 larvae per
m? present in the southern portion of the Array Area. To the south of the Array Area, and
within the secondary Zol, larvae densities reach up to 14,500 larvae per m?, see Volume 3,
Appendix 10.1 (Fish and Shellfish Technical Report) for additional detail.

A figure showing the herring spawning potential heat map (Figure 10-13) indicates there are
areas of ‘high’ spawning potential within south and southeast extent of the Array Area, with
the remainder of the Array Area classified as having ‘medium’ spawning potential. The
majority of the offshore ECC is also classified as having ‘medium’ spawning potential. Within
the secondary Zol and wider UWN Zol, areas of ‘very high’ spawning potential are present, to
the south, southwest and southeast of the Array Area.
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SANDEEL

10.5.40.

10.5.41.

10.5.42.

10.5.43.

The Proposed Development overlaps with high intensity sandeel spawning grounds, while low
intensity spawning grounds are present to the north and south of the UWN Zol (NMPi, 2015,
as categorised by Coull et al., 1998 and Ellis et al., 2012). Sandeels are demersal spawners
that lay their eggs onto or into seabed sediments, and they are of relevance when considering
sedimentary disturbance impacts. Further to this, the study area overlaps the Turbot Bank NC
MPA which is designated for sandeel.

Sandeel prefer habitats composed of sand to gravelly sand but will tolerate sandy gravels as
a marginal spawning habitat. They are highly substrate specific, and rarely occur in sediments
where the silt content is greater than 4% and are absent in substrates with a silt content
greater than 10% (Holland et al., 2005, Wright et al., 2000).

Within the Array Area, the majority of sediment samples (71%) were identified as having
'‘Preferred' sediments for sandeel, while patches predominantly to the south (22%) were
classified as 'Marginal' and a smaller portion (6%) in the central area was classified as
‘Unsuitable’ (Figure 10-15) (please see Volume 3, Appendix 10.1 (Fish and Shellfish Technical
Report) for further detail)) . However, according to the lesser sandeel distribution models, the
probability of finding buried sandeel within the Array Area is zero (Figure 10-14). In the
offshore ECC, the majority is classified as "Preferred" habitats for sandeel, with a 50%
probability of finding buried sandeel around 3 km from shore and an estimated density of 30
to 60 individuals per square meter (Figure 10-14) (please see Volume 3, Appendix 10.1 (Fish
and Shellfish Technical Report) for further detail). This indicates a moderate to high likelihood
of encountering buried sandeel within the offshore ECC. During the grab sampling and Drop-
Down Video footage (DDV) surveys conducted, sandeels were only observed in a single
camera transect within the Array Area, with no sandeels detected in grab samples from either
the offshore ECC or Array Area.

Two additional figures show further information regarding the potential for sandeel spawning
within the study area (UWN Zol and secondary Zol). Figure 10-16 presents a number of
datasets and provides an indication of likely sandeel spawning areas. Whilst the distribution
is patchy across the study area, approximately 60% of the area is identified as ‘preferred’
sediment for spawning. Figure 10-17 is a heat map of sandeel spawning potential, indicating
that the more western end of the offshore ECC is of ‘high’ potential, whilst the remainder of
the offshore ECC is of ‘low’ potential (please see Volume 3, Appendix 10.1 (Fish and Shellfish
Technical Report) for further detail). The Array Area is generally of ‘medium-high’ spawning
ground potential.
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SPECIES OF COMMERCIAL IMPORTANCE

10.5.44.

10.5.45.

Detailed information on species of commercial importance is provided in Volume 2, Chapter:
13 (Commercial Fisheries) which identifies mackerel, herring, haddock, anglerfish/monkfish,
brown crab, European lobster, Nephrops and king scallop as key commercial species in the
region.

Landings within the region by UK vessels in 2021 were dominated by shellfish and pelagic
fish species. Specifically, landings were dominated in both quantity (tonnage) and value by
Nephrops and king scallop. Landings of pelagic species were dominated by mackerel and
herring (MMO, 2022). The landings of demersal species within the region were dominated by
haddock, whiting, sandeel, and anglerfish, while other notable shellfish landings in the region
included brown crab. (MMO, 2022).

DIADROMOUS SPECIES

10.5.46.

10.5.47.

10.5.48.

Migratory fish are species that spend part of their life cycle in freshwater and part in seawater;
such species are termed diadromous (migrate between freshwater and saltwater) and
anadromous (migrating up rivers from the sea to spawn). Several migratory fish species have
the potential to occur in the study area, migrating to and from rivers and other freshwater
bodies with connectivity to the study area. The rivers of particular importance for this chapter
are shown in Figure 10-18.

Migratory fish species that have the potential to occur traverse the study area and exist in the
nearby rivers and estuaries include Atlantic salmon, sea trout, European eel, smelt (Osmerus
eperlanus), twaite shad (Alosa fallax), allis shad (Alosa alosa), river lamprey and sea lamprey.

Some diadromous species may cross the Proposed Development as part of their migration or
transit surrounding areas as part of their foraging activity. Atlantic salmon are present in the
River Ugie, which is directly to the north of the Proposed Development’s Landfall (Gilbey et
al., 2021; Statoil, 2015). The rivers Dee, South Esk, Spey and Berriedale and Langwell
(approximately 30 km, 86 km, 72.3 km and 86km from the nearest point of the offshore ECC,
respectively), are the closest SACs with a qualifying interest in diadromous species (all
Atlantic salmon), whose dominant migratory routes have potential to pass through the Array
Area and offshore ECC (Gilbey et al., 2021; Statoil, 2015). For more information on the
baseline of diadromous species relative to the study area, see Volume 3, Appendix 10.1 (Fish
and Shellfish Technical Report).
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ELASMOBRANCHS

10.5.49.

Elasmobranchs (sharks and rays) are a particularly sensitive species group due to their slow
growth rates and low fecundity (Salvador et al., 2022). Many of the sharks and rays living in
Scottish waters are included in the OSPAR list of threatened and/ or declined species, these
include tope, common smoothhound, starry smoothhound, thornback ray, blonde ray, spotted
ray, spurdog and small-spotted catshark (OSPAR, 2024). There are low intensity nursery
grounds for common skate, spotted ray, spurdog and tope shark that interact with the study
area, shown in Figure 10-8 and Figure 10-9 (NMPi, 2015, as categorised by Coull et al., 1998
and Ellis et al.,, 2012). The site-specific eDNA surveys detected porbeagle and starry
smoothhound in the offshore ECC but not in the Array Area.

DESIGNATED SITES

10.5.50.

10.5.51.

10.5.52.

10.5.53.

Designated sites considered within the Fish and Shellfish Ecology Chapter are summarised
in Table 10-8.

The southeastern edge of the offshore ECC and eastern edge of the Array Area are adjacent
to the Turbot Bank NC MPA, which has been designated for the protection of sandeels. The
four river SACs shown in Figure 10-19 - the River Dee, River Spey, River Tay, and River
South Esk - all contain diadromous fish designated features as well as protection status for
freshwater pearl mussels (Margaritifera margaritifera). None of the river SACs overlap with
the study area, however, as these sites contain designated migratory species which have the
potential to transit the Proposed Development during migration, these sites have therefore
been given due consideration.

The Southern Trench NC MPA intersects the offshore ECC and has been designated for the
minke whale (Balaenoptera acutorostrata) and burrowed mud as well as two geodiversity
features (Quaternary of Scotland, Submarine Mass Movement). The NC MPA has a
conservation objective to maintain productivity and feeding conditions for local mobile prey
species associated with minke whale. Juvenile and adult minke whale are regularly observed
feeding on non-spiny fish such as sandeel, herring, whiting, cod, squid, and sprat in the NC
MPA.

The Moray Firth SAC is designated for the Annex Il species bottlenose dolphin (Tursiops
truncatus). The SAC has a conservation objective to maintain the availability of prey species
such as herring, mackerel and cod for bottlenose dolphin.

Table 10-8 Designated sites and qualifying interest features considered within the Fish and Shellfish Ecology Chapter

Site

Distance from the Proposed Fish and Shellfish Qualifying
Development Feature

0.03 km from the Array Area and

VUUE@E BRI RS P 0.05 km from the offshore ECC. cemilze

Southern Trench NC Overlap with offshore ECC Included for presence of herrlngz

MPA Proposed Development area, mgckerel, and cod as prey species for
40.4 km from the Array Area minke whales

Moray Firth SAC

Included for presence of herring and
mackerel as prey species for
bottlenose dolphins

115.3 km from the Array Area,
89.2 km from the offshore ECC

River Spev SAC 140.8 km to the Array Area, Atlantic salmon, sea lamprey and
pey 72.3 km to offshore ECC freshwater pearl mussel
86.9 km to the Array Area, Freshwater pearl mussel and Atlantic

River Dee SAC

30 km to offshore ECC salmon (Annex Il species)
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Site

Distance from the Proposed
Development

Fish and Shellfish Qualifying
Feature

River South Esk SAC

135.4 km to the Array Area,
86 km to offshore ECC

Freshwater pearl mussel and Atlantic
salmon (Annex Il species)

Berriedale and
Langwell Waters SAC

Approximately 185 km to the
Array Area, 150 km to offshore
ECC

Freshwater pearl mussel and Atlantic
salmon (Annex Il species)
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VALUED ECOLOGICAL RECEPTORS

10.5.54. The value of ecological features is dependent upon their biodiversity, social, and economic
value within a geographic framework of appropriate reference (CIEEM, 2018). The most
straightforward context for assessing ecological value is to identify those species and habitats
that have specific biodiversity importance recognised through international or national
legislation or local, regional or national conservation plans (e.g., species listed on The
Conservation (Natural Habitats, &c.) Regulations 1994). Scottish Biodiversity List species or
species of principal importance listed under the Natural Environment and Rural Communities
(NERC) Act 2006, and species listed as features of existing or recommended NC MPAs.
Evaluation has also assessed the receptor value in accordance with the functional role of the
habitat or species. The criteria used to inform this assessment are listed in Table 10-9.

Table 10-9 Criteria used to inform the valuation of ecological receptors in the study area (derived from guidance
published by CIEEM (2018))

VER value VER criteria used to define value

International Internationally designated sites, or species designated under international law (i.e.,
species designated under the OSPAR List of Threatened and/or Declining Species,
or species listed as Critically Endangered, Endangered or Vulnerable on the IUCN
Red List)

National Species protected under national law (i.e., Annex Il species listed as features of
SACs) within the National Site Network. Annex Il species which are not listed as
features of SACs in the study area.

Species protected under national legislation, including The Conservation of Salmon
(Scotland) Regulations 2016 (as amended) and the Salmon and Freshwater
Fisheries (Consolidation) (Scotland) Act 2003.

Species protected under the Scottish Eel Management Plan (2010).

Species protected under national policy, including the Scottish Wild Salmon
Strategy (Scottish Government, 2022), and the Eel Management plans for the
United Kingdom: Scotland River Basin District (Defra, 2010).

Species listed as a PMF: Scotland adopted a list of 81 PMFs in 2014, representing
species and habitats on existing conservation lists that were assessed against a
set of criteria, including the abundance of the feature in Scottish seas, the
conservation status and the functional role played by the feature.

Scottish Biodiversity List species that continue to be regarded as conservation
priorities in the subsequent UK Post-2010 Biodiversity Framework, species
classified as features of conservation importance that have regionally important
populations within the study area (are locally widespread and/or abundant).

NC MPA features, including species classified as features of conservation
importance and broad-scale habitats.

Species that have spawning or nursery areas within the study area that are
important nationally (e.g., may be primary spawning/nursery area for that species).

Regional Scottish Biodiversity List species that continue to be regarded as conservation
priorities in the subsequent UK Post-2010 Biodiversity Framework, species
classified as features of conservation importance that have regionally important
populations within the study area (are locally widespread and/or abundant).

NC MPA features, including species classified as features of conservation
importance and broad-scale habitats.

Species of commercial importance, to fisheries in the area.

Species of ecological importance (i.e., are an important prey item for other species
of conservation or commercial value and that are key components of the fish
assemblages in the study area. Species that have spawning or nursery areas
within the study area that are important regionally.
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Local Species of commercial importance, but do not form a key component of the fish
assemblages within the study area. The spawning/nursery area for the species is
located outside of the study area. The species is common throughout the UK but
forms a component of the fish assemblages in the study area.

VER value VER criteria used to define value

10.5.55. To summarise, Table 10-10 below details the VERs identified within Volume 3, Appendix 10.1

(Fish and Shellfish Technical Report) and considered in the assessment presented within this
chapter.
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Table 10-10 Summary of fish and shellfish VERs and their value/importance within study area.

Species Source Importance  Justification
Atlantic salmon Beatrice OWF salmon International ¢ OSPAR list of threatened and/or declining species and habitats;
survey; Marine Scotland e ‘Vulnerable’ on the IUCN Red List of threatened species;
Survey (2017.); nearby e Protected under the Convention on the Conservation of European Wildlife and
ﬁtisrgﬂzeri\?igvs (e\‘/r;?ious Natural Habitats (‘BERN') Convention;
sources). e Protected under the Salmon and Freshwater Fisheries (Consolidation) (Scotland)
Act 2003;
e PMF (Scotland);
e Scottish Biodiversity list;
e Nearby River Spey SAC, River Dee SAC, River Tay and River South Esk SAC
designated for Atlantic salmon; and
e Potential to transit through the study area.
Basking shark Literature review (various International ¢ OSPAR list of threatened and/or declining species and habitats;
sources). e ‘Endangered’ on the IUCN Red List of threatened species;
e PMF (Scotland);
e Scottish Biodiversity list; and
e Protected under the Nature Conservation (Scotland) Act 2004.
Cod North Sea bottom trawl data; International ¢ OSPAR list of threatened and/or declining species;
Hywind Scotland trawl survey e “Vulnerable’ on the IUCN red list of threatened species;
zsgvgfatnce OWF otter trawl o PMF (Scotland);
' e Scottish Biodiversity list;
e Important prey species for minke whale, a designated feature of the nearby
Southern Trench NC MPA; and
e Study area overlap with low intensity spawning and nursery grounds.
Starry Smooth Site specific eDNA survey International ¢ ‘Near Threatened’ on the IUCN Red List of threatened species
hound (offshore ECC).
Allis shad Literature review (various International * OSPAR list of threatened and/or declining species and habitats;
sources) e Scottish Biodiversity list.
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Species Source Importance  Justification

Porbeagle Site specific eDNA survey International * OSPAR list of threatened and/or declining species and habitats;
(offshore ECC). e ‘Critically endangered’ on the IUCN Red List of threatened species;

e Feature of Conservation Interest (FOCI);

e PMF (Scotland);

e Scottish Biodiversity list; and

e Evidence of transit through the study area.

Spurdog Hywind Scotland trawl survey International ® OSPAR list of threatened and/or declining species and habitats;
and Scottish government e ‘Vulnerable’ on the IUCN Red List of threatened species;
fishing statistics data e PMF (Scotland);

e Scottish Biodiversity list; and
e Study area overlap with low intensity nursery grounds.

Tope Hywind Scotland trawl International e ‘Vulnerable’ on the IUCN Red List of threatened species;

survey. o PMF (Scotland);
e Scottish Biodiversity list; and
e Study area overlap with low intensity nursery grounds.

Spotted ray Hywind Scotland traw! International * PMF (Scotland);

survey. e OSPAR list of threatened and/or declining species and habitats; and
e Study area overlap with low intensity nursery grounds.

Common skate Hywind Scotland trawl International ¢ OSPAR list of threatened and/or declining species and habitats;

survey. e ‘Critically Endangered’ on the IUCN Red List of threatened species;
e PMF (Scotland);
e Scottish Biodiversity list; and
e Study area overlap with low intensity nursery grounds.

Thornback ray Site-specific camera and International e OSPAR list of threatened and/or declining species and habitats;
video transects and Scottish o ‘Near Threatened’ on the IUCN Red List of threatened species;
government fishing statistics  Scottish Biodiversity list; and
data . .

e Evidence of presence in the study area.
Freshwater pearl Nearby designated sites International ¢ ‘Endangered’ on the IUCN Red List of threatened species; and

mussel

e Nearby River Spey SAC, River Dee SAC, River Tay and River South Esk SAC
designated for freshwater pearl mussel.
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Species Source Importance  Justification
Ocean quahog Site specific grab samples International ® OSPAR list of threatened and/or declining species and habitats;
and video transects (Array e PMF (Scotland); and

Area and offshore ECC) and
Hywind Scotland benthic
sampling survey

European eel Literature review (various International ¢ OSPAR list of threatened and/or declining species and habitats;
sources). e ‘Critically endangered’ on the IUCN Red List of threatened species;

e Protected under the Salmon and Freshwater Fisheries (Consolidation) (Scotland)
Act 2003 and Scottish Eel Management Plan (2010);

e PMF (Scotland);
e Scottish Biodiversity list; and
e Potential to transit through the study area.
Sea lamprey Literature review (various International o OSPAR list of threatened and/or declining species and habitats;
sources). e Protected under the BERN convention;
e Protected under the Salmon Act;
e PMF (Scotland);
e Scottish Biodiversity list; and
e Potential to transit through the study area.

e Evidence of presence in the study area.

European hake  Site specific eDNA survey National e Scottish Biodiversity list; and
(Array Area and offshore e Study area overlap with low intensity nursery grounds.
ECC) and literature review
(various sources).
Raitt’s sandeel North Sea bottom trawl data;  National e PMF (Scotland);
Hywind Scotland traw o Scottish Biodiversity list;
survey; Beatrice OWF sand o Nearby Turbot Bank NC MPA designated for sandeel; and

eel survey and nearb o : . : .
desigun;tgd sites 4 e Study area overlap with high intensity spawning grounds and low intensity
' nursery grounds.

Lesser sandeel  Site-specific camera and National e PMF (Scotland);
video transects; Hywind e Scottish Biodiversity list;
Scotland trawl survey; Moray e Nearby Turbot Bank NC MPA designated for sandeel; and

West OWF epibenthic beam
trawl surveys and nearby
designated sites.

e Study area overlap with high intensity spawning grounds and low intensity
nursery grounds.
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Species Source Importance  Justification
Atlantic herring  Site specific eDNA survey National e PMF (Scotland);
(offshore ECC area most e Scottish Biodiversity list;
abundant species); North o Commercially important species in the region;
Sea bottom trawl data and . . .
Hywind Scotland trawl e Important prey species for minke whgle, a designated fegture of the nearby '
survey Southern Trench NC MPA. Also, an important prey species for bottlenose dolphin
' in the nearby Moray Firth SAC; and
e Study area overlap with spawning grounds (undetermined intensity), with high
intensity nursery grounds within the offshore ECC.
Atlantic Site specific eDNA survey National e PMF (Scotland);
mackerel (offshore ECC & Array Area); e Scottish Biodiversity list;
MMO landing statistics and o Commercially important species in the region;
North Sea bottom trawls. . . .
e Important prey species for minke whale, a designated feature of the nearby
Southern Trench NC MPA. Also, an important prey species for bottlenose dolphin
in the nearby Moray Firth SAC; and
e Study area overlap with low intensity nursery grounds.
River lamprey Literature review (various National e PMF (Scotland); and
sources) e Scottish Biodiversity list.
Twaite shad Literature review (various National e Scottish Biodiversity list.
sources)
Whiting eDNA survey (Array Area National e PMF (Scotland);
most abundant species); e Scottish Biodiversity list; and
North Sea bottom trawl data;  Study area overlap with low intensity spawning grounds and high intensity
Hywind Scotland trawl survey nursery grounds within the offshore ECC.
and Beatrice OWF otter trawl
survey.
Blue whiting MMO landing statistics and National e PMF (Scotland);
literature review (various e Scottish Biodiversity list; and
sources)  Study area overlap with low intensity nursery grounds.
Plaice Site-specific camera & video  National e Scottish Biodiversity list; and

transects; North Sea bottom
trawl; Hywind Scotland trawl
survey and Moray West
OWEF epibenthic beam trawl
surveys.

e Study area overlap with low intensity spawning and nursery grounds.
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Species Source Importance  Justification
Anglerfish North Sea bottom trawl data  National e PMF (Scotland);
and Hywind Scotland trawl e Scottish Biodiversity list;
survey. o Commercially important species in the region; and
e Study area overlap with low intensity nursery grounds.
Ling Hywind Scotland trawl survey National e PMF (Scotland);
and literature review (various e Scottish Biodiversity list; and
sources).  Study area overlap with low intensity nursery grounds.
Saithe Hywind OWF trawl survey National e PMF (Scotland); and
and literature review (various e Study area overlap with low intensity nursery grounds.
sources).
Norway pout Site specific eDNA survey National e PMF (Scotland);
f)%ftftsohrﬁrtia%/v(l:ggt:ggg Sea e Scottish Biodiversity list; and
Hywind Scotland traw! e Study area overlap with low intensity spawning and nursery grounds.
survey.
Brown trout (Sea  Site specific eDNA survey National e PMF (Scotland);
trout) (offshore ECC) and literature e Scottish Biodiversity list;
review (various sources). e Protected under the Salmon Act; and
e Evidence of transit through the study area.
Haddock North Sea bottom trawl; Regional e Commercially important species in the region; and
Hywind Scotland trawl survey « Study area overlap with nursery grounds (unspecified intensity).
and Beatrice OWF otter trawl
survey.
Lemon sole Hywind Scotland trawl survey Regional e Study area overlap with low intensity spawning and nursery grounds.
and Moray West OWF
epibenthic beam trawl
surveys.
Sprat Hywind Scotland trawl Regional e Study area overlap with low intensity spawning and nursery grounds.
survey.
Brown crab Hywind Scotland surveys. Regional e Commercially important species in the region; and

e Potential to be present in the study area.




MUIR MHOR

OFFSHORE WIND FARM

Species Source Importance  Justification
Nephrops Hywind Scotland surveys. Regional e Commercially important species in the region;
e Potential to be present in the study area; and
e Study area overlap with nursery grounds (unspecified intensity).
European Hywind Scotland surveys Regional e Commercially important species in the region; and
lobster and literature review (various

sources).

e Potential to be present in the study area.
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FUTURE BASELINE CONDITIONS

10.5.56.

10.5.57.

10.5.58.

10.5.59.

10.5.60.

10.5.61.

In line with the EIA Regulations, this EIAR requires a “description of the relevant aspects of
the current state of the environment (baseline scenario) and an outline of the likely evolution
thereof without implementation of the project as far as natural changes from the baseline
scenario can be assessed with reasonable effort, on the basis of the availability of
environmental information and scientific knowledge”. This reflects how the baseline relevant
to fish and shellfish ecology is expected to evolve without the Proposed Development.

The EIA Regulations require that an outline of the likely evolution thereof without
implementation of the development as far as natural changes from the baseline scenario can
be assessed with reasonable effort on the basis of the availability of environmental information
and scientific knowledge is included within the EIAR. From the point of assessment, over the
course of the development and operational lifetime of the Proposed Development (operational
lifetime is anticipated to be 35 years), long-term trends mean that the condition of the baseline
environment is expected to evolve. This section provides a qualitative description of the
evolution of the baseline environment, on the assumption that the Proposed Development is
not constructed, using available information and scientific knowledge of fish and shellfish
ecology.

Recent research has suggested that there have been substantial changes in the fish
communities in the northeast Atlantic, specifically the North Sea, over several decades as a
result of a number of factors including climate change and fishing activities (Department of
Energy and Climate Change (DECC), 2016). These communities consist of species that have
complex interactions with one another and the natural environment. Fish and shellfish
populations are subject to natural variations in population size and distributions, largely as a
result of year-to-year variation in recruitment success and these population trends will be
influenced by broad-scale climatic and hydrological variations, as well as anthropogenic
impacts such as climate change and overfishing.

Prior to the recent prohibition on commercial sandeel fishing in UK waters, sandeels held a
significant position as a target species for Scottish fishing vessels. Sandeel landings by
Scottish vessels experienced notable fluctuations, with quantities often surpassing 100,000
tonnes annually during the early 2000s, reaching a peak of over 150,000 tonnes in 2002
(Marine Scotland, 2023). However, in the late 2000s and 2010s, landings dwindled, averaging
around 50,000-70,000 tonnes per year. Sandeels play a vital role in the Scottish marine
ecosystem, acting as a crucial food source for seabirds, marine mammals, and predatory fish.
The recent decline in sandeel populations has had significant repercussions on these reliant
species, contributing to declines in seabird populations and impacting the overall marine
ecosystem's health.

Recent legislation prohibits commercial sandeel (lesser & Raitt’'s sandeel) fishing in Scottish
waters. Announced by the Scottish Government in January 2024 and coming into force in
March 2024, the ban aims to benefit seabirds and other wildlife reliant on sandeels as a vital
component of their diet (Scottish Government, 2023). This regulatory measure is a response
to the decline in sandeel populations, critical for various species, including marine mammals,
seabirds, and predatory fish. The ban is intended to bolster the broader marine ecosystem
and enhance resilience among vulnerable species, particularly considering the challenges
posed by climate change and warming seas (Coull et al., 1988).

The recent ban on sandeel fishing proposed by the Scottish Government came into force in
March 2024. This closure was intended to complement existing sandeel management
measures, such as the closure in sandeel management area 4 implemented since 2000 to
mitigate cod and haddock bycatch and negative impacts on seabird food supply. These
regulatory changes are likely to have profound implications for the future baseline of the
researched area, potentially reshaping fishing practices, ecosystem dynamics, and species
interactions.
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Fish and shellfish play a pivotal role in the transfer of energy from some of the lowest to the
highest trophic levels within the ecosystem and serve to recycle nutrients from higher levels
through the consumption of detritus. Consequently, their populations will be determined by
both top-down factors such as predation, and bottom-up factors such as ocean climate and
plankton abundance. Fish and shellfish are important prey items for top marine predators
including elasmobranchs, seabirds and cetaceans, and small planktivorous species such as
sandeel and herring they act as important links between zooplankton and top predators
(Frederiksen et al., 2006).

CLIMATE CHANGE IMPACTS

10.5.63.

10.5.64.

10.5.65.

10.5.66.

Climate change influences fish distribution and abundance, affecting growth rates,
recruitment, behaviour, survival and response to changes of other trophic levels (Prakash and
Srivastava, 2019). Climate change is contributing to the declining levels of primary production
in the North Sea which in turn impacts the dynamics of higher trophic levels and fish
recruitment (Capuzzo et al., 2018). Projected warming scenarios indicated regime shifts
between sandeels and their copepod prey, resulting in sandeel recruitment declines (Regnier
et al., 2019). Increased sea surface temperatures in the North Sea may lead to an increase
in the relative abundance of species associated with more southerly areas. For example, data
on spawning herring and sardine (Sardina spp.) landings at ports in the English Channel
showed that higher spawning herring landings were correlated with colder winters, while warm
winters were associated with large catches of sardine (Alheit and Hagen, 1997).

One potential impact of increased sea surface temperatures is that some fish species will
extend their distribution into deeper, colder waters (Poloczanska et al., 2013). In these cases,
however, habitat requirements are likely to become important, with some shallow water
species having specific habitat requirements in shallow water areas which are not available
in these deeper areas. For example, sandeel is less likely to be able to adapt to increasing
temperatures as a result of its specific habitat requirements for coarse sandy sediment and
declining recruitment in sandeel in parts of the UK has been correlated with increasing
temperature (Heath et al., 2012). Climate change may also affect key life history stages of
fish and shellfish species, including the timing of spawning migrations (Department for Energy
Security and Net Zero (DESNZ), 2016). However, climate change impacts on marine fish
populations are difficult to predict and the evidence is not easy to interpret and therefore it is
difficult to make accurate estimations of the future baseline scenario for the entire lifetime of
the Proposed Development (approximately 35 years).

In addition to climate change, overfishing subjects the populations of many fish species to
considerable pressure, reducing the biomass of commercially valuable species, and non-
target species. Overfishing can reduce the resilience of fish and shellfish populations to other
pressures, including climate change and other anthropogenic impacts. For example, a study
on cod in an area where trawl fishing has been banned since 1932 indicated that this
population was significantly more resilient to environmental change (including climate change)
than populations in neighbouring fished areas (Lindegren et al., 2010). Modelling by Beggs et
al., (2013) indicated that cod may be more sensitive to climate variability during periods of low
spawning stock biomass.

In conclusion, it is considered that current trends with regard to the northward shift of specific
species (e.g. sandeels) and an increase in the abundance of typically warmer water species
(e.g. sardines) will continue in a warming climate, which may result in alterations to the existing
baseline. However, considering the timescales of warming oceans and changes in distribution
of species, it is likely that in the near to medium term, this would be changes in the relative
abundances of species rather than wholesale changes in the community structure.




ee MUIR MHOR

10.5.67. The fish and shellfish baseline characterisation for the Proposed Development described in
the preceding sections and presented in detail in Volume 3, Appendix 10.1 (Fish and Shellfish
Technical Report) represents a ‘snapshot’ of the fish and shellfish assemblages of the North
Sea, within a gradual and continuously changing environment. Any changes that may occur
during the lifetime of the Proposed Development (i.e., construction, operation and
decommissioning) should be considered in the context of the natural variability and other
existing anthropogenic impacts, including climate change and overfishing.

DATA LIMITATIONS AND ASSUMPTIONS

10.5.68. Mobile species like fish display varying spatial and temporal patterns. Surveys were
conducted to provide a semi-seasonal description of the fish and shellfish assemblages in the
vicinity of the Proposed Development. The efficiency of the surveys varies depending on the
nature of the survey methods used and the species recorded. For example, a semi-pelagic
otter trawl would not collect pelagic species (e.g., herring and sprat (Sprattus sprattus)) as
efficiently as a pelagic trawl, and a 2-metre scientific beam trawl would not be as efficient at
collecting sandeel and shellfish species as other methods used commercially in the study
area (e.g., sandeel or shrimp trawls and shellfish potting). This limits the data utility in
capturing the relative abundances of species within the area. To minimise this limitation
caused by survey methodology, sensitive receptors have been chosen based on their
presence or absence in survey data, rather than whether that species contributes more
significantly to the fish assemblage in the survey data.

10.5.69. Coull etal. (1988) and Ellis et al. (2012) are key references for providing broadscale overviews
of the potential spatial extent of spawning grounds and the relative intensity and duration of
spawning, both based on a collection of various data sources. Many of the conclusions drawn
by Coull et al. (1988) are based on historic research and data do not necessarily account for
more recent changes in fish distributions and spawning behaviour. Ellis et al. (2012) is also
limited by the wide scale distribution of sampling sites used for the annual international larval
survey data, consequently resulting in broadscale grids of spawning and nursery grounds.
The spatial extent of the spawning grounds and the duration of spawning periods indicated in
these studies are therefore considered likely to represent the maximum theoretical extent of
the areas and periods within which spawning will occur. Spawning grounds may therefore be
smaller in extent and display shorter spawning periods, and, in some cases, spawning
grounds indicated by these sources may no longer be active. Where available, additional
research publications and data have been drawn upon to provide the best, most contemporary
and site-specific information. When considering demersal spawners which display substrate
dependency (e.g., herring and sandeel), site-specific PSA and geophysical data have been
used to ground truth the Coull et al. (1988) and Ellis et al. (2012) datasets.

10.5.70. Broadscale marine habitat data (EMODnet, 2021) have also been used to identify preferred
sandeel and herring spawning habitats. It should be acknowledged that this dataset is
somewhat limited by the broadscale nature of the data, as it does not account for small-scale,
localised differences in seabed sediments, unlike these data obtained from site-specific grab
sampling. In this case it is important to review all the datasets presented to develop a clear
overview of preferred sandeel and herring habitats.

10.5.71. eDNA data, while promising, poses challenges such as defining sampling units and
understanding transport dynamics. They may not fully capture elasmobranch diversity due to
methodological limitations, necessitating supplementation with other survey data and
literature review. Overall, while eDNA is valuable for characterising elasmobranch
populations, its limitations in detecting less prevalent species are recognised and
supplemented with additional sources.
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10.5.72. More information on data limitations and assumptions is provided in Volume 3, Appendix 10.1
(Fish and Shellfish Technical Report). Despite the data limitations detailed within this section
of the report, the data as included in Table 10-4 and

10.5.73.

10.5.74. Table 10-5 is considered a robust and sufficient evidence base to inform the fish and shellfish
baseline characterisation and underpin the assessment process, as confirmed by the
stakeholder response to the scoping phase. Suggested incorporated data sources from the
Scoping Opinion (shown in Table 10-3) have been integrated into this report.
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10.6. FISH AND SHELLFISH ECOLOGY ASSESSMENT
METHODOLOGY

10.6.1. Assessment of impacts in this chapter has followed the general approach outlined in Volume
1, Chapter 6 (Environmental Impact Assessment Methodology) of the EIAR.

10.6.2. Fish and shellfish ecology-specific assessment criteria and recognised guidance on
assessing fish and shellfish ecology are provided below.

GUIDANCE

10.6.3. In addition to the general approach and guidance outlined in Volume 1, Chapter 6

(Environmental Impact Assessment Methodology), this report also considers the guidance
documents applicable to fish and shellfish ecology presented in paragraph 10.3.3.

CRITERIA FOR ASSESSMENT

10.6.4.

10.6.5.

The process for determining the significance of effects is a two-stage process that involves
defining the magnitude of the potential impacts and the sensitivity of the receptors. This
section describes the criteria applied in this Chapter to assign values to the magnitude of
potential impacts and the sensitivity of the receptors.

The terms used to define magnitude of impact and receptor sensitivity fish and shellfish
ecology are based on those described in further detail in Volume 1, Chapter 6 (Environmental
Impact Assessment Methodology) and also considers the following guidance documents:

e Chartered Institute of Ecology and Environmental Management (CIEEM) guidance
(CIEEM, 2018).

— The CIEEM guidance considers the importance of ecological features. Ecological
features can be important for a variety of reasons and may relate, for example, to the
quality, rarity or extent of habitats/species, and/or the extent to which they are
threatened throughout their range, or to their rate of decline.

e MarLIN on the MarESA four-point scale (high — medium — low — not sensitive) (MarLIN,
2019).

MAGNITUDE OF IMPACT

10.6.6.

10.6.7.

The magnitude of potential impacts is defined by a series of factors, including the spatial
extent of any interaction, the likelihood, frequency, duration of a potential impact and
reversibility of impact.

The magnitude of impact criteria for fish and shellfish ecology are provided in Table 10-11. In
determining the magnitude of impact, each assessment considered the spatial extent,
duration, frequency, and reversibility of impact and these are outlined within the magnitude
section of each assessment of impact (e.g., a duration of hours or days would be considered
for most receptors to be of short-term duration, which is likely to result in a low magnitude of
impact).
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Table 10-11 Impact magnitude criteria for Fish and Shellfish Ecology

Magnitude Value Description

Negligible Discernible or barely discernible change from baseline conditions that results
in a slight alteration to the key characteristics or features of a receptor.

Low Discernible, temporary change, over a minority of the receptor, and/or limited
but discernible alteration to key characteristics or features of the particular
receptors character or distinctiveness.

Medium Considerable, permanent/irreversible changes, over the majority of the
receptor, and/or discernible alteration to key characteristics or features of the
particular receptors character or distinctiveness.

High Fundamental, permanent/irreversible changes, over the whole receptor,
and/or fundamental alteration to key characteristics or features of the
particular receptors character or distinctiveness.

SENSITIVITY

10.6.8. The sensitivities of fish and shellfish ecology receptors have been classed as ‘High’, ‘Medium’,
‘Low’ or ‘Negligible’. These are based on the MarESA four-point scale (MarLIN, 2019). The
scale of sensitivity for a receptor is dependent on the specific impact and receptor in question
and considers the value of a receptor in the context of its resistance and ability to recover
from impacts (resilience). Specific benchmarks (duration and intensity) are defined for the
different impacts for which sensitivity has been assessed (e.g., smothering, habitat
loss/damage etc.).

10.6.9. For the purposes of this assessment, four sensitivity categories have been defined, each
drawing on the four MarLIN MarESA categories and the importance of the receptor.
Sensitivity/importance of the environment is defined in Table 10-12.

Table 10-12 Receptor sensitivity criteria for Fish and Shellfish Ecology

Sensitivity Value Description

Negligible Receptor is not vulnerable to impacts regardless of value/importance. Locally
important receptors with low vulnerability and medium to high recoverability.

Low Locally important receptors with medium to high vulnerability and low
recoverability. Regionally important receptors with low vulnerability and
medium recoverability. Nationally important receptors with low vulnerability
and medium to high recoverability. Internationally important receptors with
low vulnerability and high recoverability.

Medium Regionally important receptors with high vulnerability and no ability for
recovery. Internationally or nationally important receptors with medium to high
vulnerability and low to medium recoverability.

High Internationally or nationally important receptors with high vulnerability and no
ability for recovery.

SIGNIFICANCE OF THE EFFECTS

10.6.10. By assigning and combining magnitude of impact and sensitivity criteria, overall significance
of effects upon fish and shellfish ecology receptors can be determined (Table 10-13).
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Table 10-13 Matrix used for the assessment of significance of effect

5 Magnitude of Impact
MUIR MHOR
OFFSHORE WIND FARM
A joint venture between Fred. Olsen Seawind & Vattenfall Neg I I g I ble LOW Med I u m ng h
. Negligible Negligible Negligible Negligible Negligible
o
a
S
& Low Negligible Negligible Minor Minor
©
=
> Medium Negligible Minor Moderate Moderate
‘©
=
&
High Negligible Minor Moderate Major

10.6.11.

10.6.12.

10.6.13.

A level of effect of moderate or more will be considered a ‘significant’ effect for the purpose of
the EIA. A level of effect of minor or less will be considered ‘not significant’. Effects of
moderate significance effect or above are therefore considered important in the decision-
making process, whilst effects of minor significance or less warrant little, if any, weight in the
decision-making process.

Where European sites (i.e., nature conservation sites in Europe designated under the Habitats
or Birds Directives; or sites in the UK that comprise the National Site Network (collectively
termed ‘European sites’)) are considered, this chapter assesses the LSEs in EIA terms on the
qualifying interest feature(s) of these sites as described within Section 10.7. The assessment
of the potential impacts on the site itself is deferred to the RIAA for the Proposed Development
(Muir Mhor Offshore Wind Farm Limited, 2024).

With respect to assessment of impacts to protected features in a NC MPA, a dedicated MPA
assessment has been conducted for the Proposed Development (Volume 3, Appendix 9.2
(Marine Protected Area Assessment Report)). Specific consideration of MPAs is required for
consent under section 83 of the Marine (Scotland) Act 2010. The objective of the MPA
assessment is to determine if the Proposed Development may result in significant effects on
an MPA, and/or any ecological or geomorphological process on which the conservation of any
protected feature in an MPA relies.

EMBEDDED COMMITMENTS

10.6.14.

As part of the Proposed Development design process, several designed-in measures have
been proposed to reduce the potential for impacts on environmental receptors. As there is a
commitment to implementing these measures, they are considered inherently part of the
design of the Proposed Development and have therefore been considered in the assessment
(i.e., the determination of magnitude of impact and therefore significance of effect assumes
implementation of these measures). These measures are considered standard industry
practice for this type of development. The embedded commitments relevant to Fish and
Shellfish Ecology are presented in Table 10-14. Volume 3, Appendix 6.1 (Commitments
Register), provides additional information on how these commitments are secured.
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10.6.15. The embedded commitments (C-01, C-02, C-05, C-08, C-09, C-14, C-15, C-29, C-31, C-37
and C39) collectively aim to mitigate the impact of the Proposed Development on fish and
shellfish receptors. Commitments such as scour protection (C-01) and cable burial (C-29)
safeguard seabed integrity, preventing scour and erosion of the seabed avoiding, where
possible sensitive habitats which may be of importance to fish. Adherence to plans like the
Cable Plan (CaP) (C-02) and Construction Method Statement (CMS) (C-05) ensures that
installation, routing, and sensitive habitats and consider piling activities that may disturb fish
and shellfish. Environmental management (C-08) further prevents pollution, while
decommissioning (C-09) ensures long-term preservation of the environment, including fish
and shellfish habitats post-project. UXO removal (C-31) considers the need to minimize noise
creation by prioritizing low-order deflagration which will reduce potential noise impacts to fish.
Entanglement (C-37) will benefit both larger fish species, including migratory fish, whilst (C-
39) avoids direct disturbance within the Turbot Bank NC MPA.

Table 10-14 Embedded commitment measures of relevance to Fish and Shellfish Ecology

Code Commitment Type (Primary, How Commitment
Secondary or Secured
Tertiary)
C-01 Scour protection or other appropriate Tertiary CaP
mitigation to be employed around
seabed infrastructure where there is the CMS
potential risk for significant scour to
develop.
C-02 Development of and adherence to a Tertiary CaP

CaP. The CaP will confirm planned
cable routing, installation methods,
cable specifications and any additional
protection and any post-installation

monitoring.

C-04 The infrastructure will be designed in Primary Development
such a way to minimise the impacts and Specification and
will be within the key parameters set out Layout Plan (DSLP)
in the EIA Project Description and EIAR.

C-05 Development of a CMS. This will detail Tertiary CMS

the construction procedures (including
piling), good working practices for
constructing the works, and how the
construction-related mitigation steps are
to be delivered.

C-08 Development of and adherence to an Tertiary EMP
Environmental Management Plan
(EMP). This will set out mitigation
measures and procedures relevant to
environmental management, including
but not limited to chemical usage,
invasive and non-native species,
pollution prevention and waste
management.

C-09 Development of and adherence to a Tertiary DP
Decommissioning Programme (DP). The
DP will outline measures for the
decommissioning of the Proposed
Development.
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Code

Commitment

How Commitment
Secured

Type (Primary,
Secondary or
Tertiary)

C-14

Development of and adherence to a
Piling Strategy (PS) (applicable where
piling is undertaken). The PS will detalil
the method of pile installation and
associated noise levels. It will describe
any mitigation measures to be putin
place (e.g., soft starts and ramp ups,
use of Acoustic Deterrent Devices)
during piling to manage the impacts of
UWN on sensitive receptors.

Tertiary PS

C-15

Development of and adherence to
Marine Mammal Mitigation Plan
(MMMP). This will identify appropriate
mitigation measures during offshore
activities that are likely to produce UWN
and vibration levels capable of
potentially causing injury or disturbance
to marine mammals. This will be
developed alongside the PS and
referred to in European Protected
Species (EPS) license applications.

Tertiary MMMP

C-29

Where practicable, cable burial will be

the preferred means of cable protection.

Cable burial will be informed by the
cable burial risk assessment (CBRA)
and detailed within the CaP. In areas
where CBRA deems burial not feasible,
suitable implementation and monitoring
of cable protection will be employed.

Primary CaP

C-31

UXO hazards will be avoided where
practicable and appropriate. If
avoidance is not possible, decision
making will relate to removal, with
detonation considered if avoidance or
removal is not possible. If detonation is
required, and where practicable and
appropriate, low-order deflagration will
be the preferred method. Licensing of
UXO clearance works will be subject to
a standalone Marine Licence
application. These applications will
provide details of measures to seek to
minimise impacts on marine mammals
where appropriate.

Tertiary Licensing of UXO
clearance works will
be subject to a
standalone Marine

Licence.

C-37

Development of and adherence to an
Entanglement Management Plan to
reduce the potential entanglement risk
to marine life.

Tertiary Entanglement

Management Plan

C-39

The Turbot Bank NC MPA will not be
crossed by the offshore ECC.

DSLP
CaP

Primary
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IMPACTS SCOPED OUT OF THE ASSESSMENT

10.6.16. Relevant stakeholder consultation (see Section 10.4), the Offshore Scoping Report (Volume
3, Appendix 5.1 (Offshore Scoping Report)), the Scoping Opinion (MD-LOT, 2023), along with
understanding of worst case design scenarios and environmental baseline conditions has
informed the decision to scope these impacts out for further consideration in the EIAR for Fish

and Shellfish Ecology.

10.6.17. Table 10-15 describes the impacts that have been scoped out of this Fish and Shellfish
Ecology assessment based on the Scoping Opinion.

Table 10-15 Impacts scoped out of the Fish and Shellfish Ecology assessment

Impact Scoped Out

Justification

Construction & Decommissioning

Accidental pollution events
during construction or
decommissioning activity

Accidental releases of pollutants may arise as a result of
accidental spills from vessels or other equipment and have
detrimental impacts on fish and shellfish. However, the risk and
impact of accidental releases of hazardous substances will be
reduced through the implementation of the EMP, including
measures for compliance with international requirements of the
International Convention for the Prevention of Pollution from
Ships MARPOL) convention, as well as best practice for works
in the marine environment (e.g., preparation of Shipboard Oll
Pollution Emergency Plans (SOPEP)). In this manner, accidental
release of potential contaminants from construction vessels will
be strictly controlled and procedures will be in place to minimum
the impact of any accidental release if it occurs, and hence the
impact has been scoped out of the EIA.

Increased risk of introduction
and/or spread of INNS

This impact is scoped out in consideration of the mitigation and
control of invasive species measures in line with International
Maritime Organization (IMO, 2019). These standards and
procedures will be incorporated into the EMP (Volume 4,
Appendix 2 (Outline Environmental Management Plan) contains
an Outline Invasive Non-Native Species Management Plan
(Annex B)) and are embedded in the Proposed Development
design and as such ensure that no significant impacts arise from
INNS.

Operation and Maintenance

Direct disturbance resulting
from maintenance during
operational phase

There is the potential for direct habitat disturbance of the seabed
during planned and unplanned maintenance activities (e.g., the
use of jack up vessels or cable repair or replacement). However
affected fish and shellfish species are likely to be mobile and can
move away from disturbance.

Accidental pollution events
during O&M activity

See justification described for accidental pollution events during
construction and decommissioning activity above.

Increased risk of introduction
and/or spread of INNS

This impact is being proposed to be scoped out in consideration
of the mitigation and control of invasive species measures in line
with IMO (IMO, 2019). These standards and procedures will be
incorporated into the EMP Volume 4, Appendix 2 (Outline
Environmental Management Plan) contains an Outline Invasive
Non-Native Species Management Plan (Annex B)) and are
embedded in the Proposed Development design and as such
ensure that no significant impacts arise from INNS.
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WORST CASE DESIGN SCENARIO

10.6.18. The Developer has adopted a design envelope approach to impact assessment (also known
as a ‘Rochdale Envelope’). In line with guidance from the Scottish Government (2022), the
design envelope approach offers flexibility in the EIAR process by enabling impact
assessment to be carried out against several potential design options.

10.6.19. The assessment of Fish and Shellfish Ecology impacts has been undertaken with respect to
the details provided in Volume 1, Chapter 3 (Project Description). A ‘worst case’ design
scenario has been selected for each impact which would lead to the greatest impact for all
receptors or receptor groups, when selected from a range of values. Greater adverse
significance of effects is not predicted to arise should any other development scenario, based
on details within Volume 1, Chapter 3 (Project Description) (e.g., different infrastructure
layout), to that assessed here, be taken forward in the final design scheme.

10.6.20. Table 10-16 presents the worst-case design scenario for each impact associated with LSE
assessment on Fish and Shellfish Ecology, along with justification.




Table 10-16 Worst Case Design Scenarios with respect to the Fish and Shellfish Ecology assessment.
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Impact

Embedded
Commitment

Worst Case Design Scenario

Justification

Construction (Predicted duration of four years)

Impact 1: Increases in
Suspended Sediment
Concentrations (SSCs) and
deposition of disturbed
sediments to the seabed.

C-01, C-02,
C-09, C-29

Total SSC released because of construction activities = 12,718,023 m?

Foundation installation (without drilling) = 6,030,000 m3
WTGs:

e Maximum sediment disturbance volume from 67 floating WTGs using drag embedded anchors with
nine anchors per foundation (603 anchors total * 200m drag * 50 m target box = 6,030,000 m?

Foundation with drilling = 478,782 m?3
WTGs:

e Anchor piles with a maximum diameter of 4 m to be drilled to a depth of 60 m below the seabed =
754 m3 of drill arisings per pile

e Maximum volume of drill arisings from 67 floating WTGs using piled anchors with nine anchors per
foundation (603 anchors total) = 454,662 m?3

OEP(s):
e Piled foundations for two jacket foundation OEP(s) with a maximum pile diameter of 4 m to be
drilled to a depth of 80 m below the seabed = 1,005 m? of drill arisings per pile

e Maximum volume of drill arisings from two OEP(s) with piled foundations for each OEP having two
piles per jacket leg and six jacket legs 12 piles total per OEP = 24,120 m?3

Cable Installation = 1,432,800 m3

Inter-array cables

e Inter-array cable installation method = Jetting

e Total IAC length on seabed = 250 km

e |AC cable seabed width =3 m

e |AC cable burial depth =2 m

e |AC trench cross sectional area = 6 m?

e Assuming 30% of material is forced into suspension in the water column

e Maximum sediment disturbance volume = 250,000 x 6 m? = 1,500,000 m? x 0.3 (spill factor) =
450,000 m3

e Assumed maximum installation rate of up to 700 m/hr.

OEP Interconnector Cable

e Interconnector cable installation method = Jetting

e Total length of Interconnector cable 3 km

e Interconnector cable seabed width =3 m

e Interconnector cable burial depth = 4 m (excludes burial in sandwaves of up to 20 m)

e Interconnector cable trench cross sectional area = 12 m?

e Assuming 30% of material is forced into suspension in the water column

e Maximum sediment disturbance volume = 3,000 m x 12 m? x 0.3 (spill factor) = 10,800 m3
e Assumed maximum installation rate of up to 700 m/hr.

Export cables

e Export cable installation method = Jetting

e Total length of three export cables = 270 km, each up to 90 km in length from array area to landfall
e Export cable seabed width =3 m

Defining the Worst-Case Design Scenario for sediment disturbance
activities is highly complex as the disturbance will be temporally and
spatially variable (depending upon the metocean conditions at the time).
For sediment plumes, the Worst-Case Design Scenario is intended to be
representative in terms of peak concentration, plume extent and plume
duration but will not correspond to a single sediment disturbance activity.

The same applies for sediment deposition at the bed, where the Worst-
Case Design Scenario is a representation of maximum deposit thickness,
maximum footprint extent or likely duration.

Seabed preparation prior to foundation installation

Seabed preparation works, including boulder clearance, would be required
prior to installation of certain foundation types.

Foundation installation (without drilling)

The installation of certain anchoring options will result in the release of
disturbed sediments. The greatest sediment release is anticipated to be
from the installation of drag-embedded anchors, although the impact of
potential sediment plumes is expected to be of relatively short duration
and in close proximity to the bed. Drag-embedment anchors derive their
holding capacity from being buried, or embedded in the sea floor and are
installed by means of dragging, using a mooring chain.

Drilling as part of foundation installation

Of the anchoring options under consideration, the greatest sediment
release is anticipated to be from the drilling of anchor piles. While some of
the other options could result in the release of large sediment volumes (for
example drag embedded anchors), the impact of these is expected to be
of relatively short duration and in close proximity to the bed. Drilling has
the potential to release larger volumes of relatively finer sediment as a
result of the site geology. The worst-case assumption of the drill arisings
being release at the surface of the water column has been adopted.

Cable Installation

Cable installation may require some combination of (e.g.) jetting,
ploughing, trenching and/or cutting type installation techniques. The
realistic worst-case option is represented by the use of jetting, having the
greatest potential to fluidise and suspend fine sediments and therefore
resulting in the largest amount of displaced sediment in the water column,
with a realistic trenching rate of 500 m/hr and maximum trenching rate of
700 m/hr representing the highest release rate of sediments, and
operating in locations with the largest contribution of fine sediments.

HDD Operations

Although other trenchless installation technologies are available, HDD is
the established solution and has therefore been identified as the realistic
worst-case option. HDD operations are expected to have localised and
short-term impacts on SSC concentrations due to the potential release of
bentonite (or drilling mud) during the punch-out in the nearshore exit pit.
Accordingly, the total drilling fluid loss = 75 m3 (3 conduits, 25 m?3 per
conduit).
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Impact

Embedded
Commitment

Worst Case Design Scenario

Justification

e Export cable burial depth = 4 m (excludes burial in sandwaves of up to 20 m)

e Export cable trench cross sectional area = 12 m?

e Assuming 30% of material is forced into suspension in the water column

e Maximum sediment disturbance volume = 270 km x 12 m?x 0.3 (spill factor) = 972,000 m?3
e Assumed maximum installation rate of up to 700 m/hr.

Seabed preparation for cable installation = 4,776,000 m®

Inter-array cables

e Seabed preparation method =Pre-Lay Grapnel Runs (PLGR)

e Total length inter-array cables = 250 km, up to 100 % of which require seabed preparation

e Maximum area of seabed affected = 250,000 m (100 % of total inter-array cable length) x 3 m
(maximum width of disturbance) = 750,000 m?

e Maximum sediment disturbance volume = 750,000 m? (area affected) x 2 m depth = 1,500,000 m?3

OEP Interconnector Cable
e Seabed preparation method = PLGR
e Total length of up to three export cables = 3 km, up to 100 % of which require seabed preparation

e Maximum area of seabed affected = 3,000 m (100 % of total export cable length) x 3 m (maximum
width of disturbance) = 9,000 m2

e Maximum sediment disturbance volume = 9,000 m? (area affected) x 4 m depth = 36,000 m?3

Export cables
e Seabed preparation method = PLGR

e Total length of up to three export cables = 270 km, up to 100 % of which require seabed
preparation

e Maximum area of seabed affected = 240,000 m2 (100 % of total export cable length) x 3 m
(maximum width of disturbance) = 810,000 m?

e Maximum sediment disturbance volume = 810,000 m? (area affected) x 4 m depth = 3,240,000 m3

Horizontal Directional Drilling (HDD) drilling fluid release = 441 m?
e 3 offshore HDD conduits and exit pits.

e Maximum volume of drilling fluid loss per conduit = 25 m?

e Total drilling fluid loss = 75 m?

e 20% of the cut volume would be released per conduit.

e Max 122 m?3 per conduit

e Total other sediment lost = 366 m3

Impact 2: Temporary habitat
disturbance

C-02, C-09,
C-34

Total area of habitat disturbance = 7,731,870 m?
Foundation seabed preparation area = 6,066,000 m?

Offshore Electrical Platforms (OEP(Ss):
e Seabed preparation method = Boulder clearance grabs
e Maximum sediment disturbance area for two OEP(s) = 36,000 m?

WTG anchoring operations:

o Deployment of 9 drag-embedment anchors, per WTG (total 603 anchors, 200 m drag distance x 50
m drag box) = 6,030,000 m?

Temporary habitat disturbance relates to the maximum total area of
habitat disturbance during the construction phase. The footprint of
infrastructure is assessed as a temporary impact in construction, and as a
permanent impact in O&M (see impact 7). It should be noted that for
gravity anchors, the seabed preparation area is less than the footprint of
the foundation scour protection. The Worst-Case Design Scenario
presents a precautionary approach to temporary habitat disturbance
because it counts both the total footprint of seabed clearance as well as
cable burial across both the array and offshore ECC. This approach
counts the footprint of seabed habitat to be impacted by construction in
the same area twice. However, this precautionary approach has been
taken because there is some potential for recovery of habitats between
the activities due to project timescales.
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Impact

Embedded
Commitment

Worst Case Design Scenario

Justification

Wave buoy anchoring operations = 2,000 m?
e Seabed preparation for 4 x Wave rider buoys with 1 anchor point each = 2,000 m?

Jack-Up Vessels (JUV) and anchoring operations = 83,620 m?

e Anchor deployment area of disturbance for installation of OEP jacket foundations = 35,000 m?

e Anchor deployment area of disturbance for installation of OEP topside = 35,000 m?
e OEP JUV footprint six legs per JUV, 227 m? per leg = 1,362 m?
e Five jack-up operations x two OEP construction =5 x 2 x 1,362 m? = 13,620 m?

e JUV operations for WTGs are not applicable for the offshore array, applies to nearshore port
location only.

IAC Junction Box Installation = 1,800 m?

e Max Dimensions (LXxW xH)=15x6x4 m

e Seabed Footprint per unit = 90 m?

e Max Number of Units = 20

e Total Seabed Footprint within Array = 90 * 20 = 1,800 m?

e Anchoring method = ballast/weight of the unit itself, no additional anchoring planned

Cable seabed preparation and installation = 1,569,000 m?
e Burial of export cables by jetting (270 km length x 3 m disturbance width) = 810,000 m?
e Burial of Interconnector cable by jetting (3 km length x 3 m disturbance width) = 9,000 m?

e Burial of inter-array cables (tether wave) by jetting (250 km x 3 m disturbance width) = 750,000 m2
e Export cable jointing - largest cable diameter = 310 mm, therefore cross-sectional area = 0.0755 m?

per cable. Joints every 25 km, 90 km length per cable = four joints

e Four joints * 0.0755m? per joint * 3 cables = 0.906 m? (no additional boulder and sandwave
clearance planned for jointing

HDD installation = 9,450 m?
e Total installation area: cofferdam area (450 m?)
e HDD bores x 3 =3000 mL x 1mD x 3 = 9,000 m?

Impact 3: Direct and indirect C-08, C-09 The Worst-Case Design Scenario for the maximum volumes of seabed sediment disturbance are This scenario represents the maximum total seabed disturbance and
seabed disturbance leading to presented in Impact 1 (Increases in SSCs and deposition of disturbed sediments to the seabed).). therefore the maximum amount of contaminated sediment that may be
release of sediment released into the water column during construction activities. The re-
contaminants suspension of sediments is dependent on sediment disturbance and
therefore is linked to the volumes presented in Impact 1.
Impact 4: Direct damage (e.g., C-02, C-09, The Worst-Case Design Scenario for the seabed footprint for the project is presented in Impact 2. Direct damage and disturbance relate to seabed preparation, jack up and
crushing) and disturbance to C-39 anchoring operations and cable installation, as described in Impact 2. It
mobile demersal and pelagic should be noted that where boulder clearance overlaps with sandwave
fish and shellfish species clearance, the boulder clearance footprint will be within the sandwave
clearance footprint. The Worst-Case Design Scenario for direct damage in
the intertidal area from the HDD works is included.
Impact 5: Mortality, injury, C-05, C-14, Total duration of piling = 151 days (WTGs) + 24 (OEP(s) = 175 days To justify the Worst-Case Design Scenario for noise and vibration impacts
behavioural impacts, and C-15, C-31 on fish species in the context of the project information provided, we

auditory masking arising from
noise and vibration

OEP piling: May to Aug 2030
Anchor piling: April to Sept 2029, 2030, and 2031

WTG Anchors
e Maximum of 67 semi-submersible Wind Turbine Generators (WTGS)
e Maximum of nine anchors per WTG, one pile per anchor (nine piles in total)

consider the extensive duration and scale of piling activities. The project
involves the installation of a significant number of semi-submersible
WTGs with multiple anchors per WTG, totalling a substantial number of
piles to be driven into the seabed. With a maximum hammer energy of
2,400 kJ for WTG anchors and 3,200 kJ for OEP(s), coupled with
concurrent piling at two locations and a high rate of pile installation per
day, the intensity and duration of noise and vibration generated during
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Impact Embedded Worst Case Design Scenario
Commitment

Justification

e Maximum mooring pile diameter of 4 m

e Maximum hammer energy of 2,400 kJ

e Maximum number of piling days: 151 (assumes four piled anchors per day)
e Concurrent piling at two locations

e Maximum number of piles installed in 24 hours: 10.

e Piling dates: April to Sept 2029, 2030, and 2031

Offshore Electrical Platforms (OEP(s)

e Maximum of two HVAC jacket platforms

e Maximum 12 piles per platform

e Maximum pile diameter shall be 5 m

e Maximum hammer energy of 3,200 kJ

e Maximum number of piles installed in 24 hours: 6
e Maximum number of piling days: 24

e Concurrent piling with single anchor piling location
e Piling dates: May to Aug 2030

UXO Clearance

e The primary method will be low-order deflagration, but high-order clearance is assessed as the
realistic worst-case scenario.

e UXO clearance is anticipated to take place from the year prior to offshore construction
commencing, potentially running concurrently with the first year of offshore construction.

piling operations are considerable. The planned piling activities spanning
175 days between 2029 and 2031, with specific piling dates allocated for
each year, indicate a prolonged period of disturbance. Moreover, the
large-scale nature of the project involving numerous piles being driven into
the seabed concurrently at high energy levels amplifies the potential
impact on fish species in terms of noise and vibration impacts. This
approach is precautionary and as a result, the outcome of the assessment
is therefore inherently precautionary.

Operation and Maintenance (The operational lifetime of the project is approximately 35 years)

Impact 6: Permanent and/or C-02, C-39 Maximum area of permanent and/or long-term habitat loss/alternation = 2,757,400 m?
long-term habitat
loss/alteration due to the
addition of infrastructure to the
area

WTG anchor footprints, and scour protection = 1,038,500 m?

e Up to nine anchors per WTG (nine gravity anchors per WTG = [(9 x 500 m?) x 67 WTGSs] =
301,500 m?

e Gravity anchor scour protection area (excluding anchor footprint) = 737,000 m?

Mooring line movement (strimming effect) = 874,350 m?

e Any movement (strimming effect) will be at the transition where the mooring line touches down on
the seabed, rather than the full chain length along the seabed.

e Assuming a 1 m movement corridor along the full chain length along the seabed. Potential
moorings seabed movement area = 67 * 9 * 1450 * 1 = 874,350 m?

OEP foundation footprints = 36,000 m?
e 2 OEP(s) disturbance = 36,000 m?

IAC Junction Box footprint = 1,800 m?

e Max Dimensions (LXxW xH)=15x6x4 m

e Seabed Footprint per unit = 90 m?

e Max Number of Units = 20

e Total Seabed Footprint within Array = 90 * 20 = 1,800 m?

Lidar and wave buoy anchor footprints = 4000 m?
e Two Lidar buoys with two anchor point each (gravity anchors) = 2,000 m?
e Four Wave rider buoys with one anchor point each = 2,000 m?

The Worst-Case Design Scenario is defined by the maximum area of
seabed lost by the footprint of structures on the seabed, scour protection,
cable protection, and cable crossings. Habitat loss from drilling and drill
arisings is of a smaller magnitude of impact than presence of project
infrastructure. As a result, the outcome of the assessment is therefore
inherently precautionary.
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Impact

Embedded
Commitment

Worst Case Design Scenario

Justification

Dynamic inter-array cable (strimming effect) = 6,700 m?
e 50m? per each tether wave cable x 2 cables x 67 WTGs = 6,700 m2

Dynamic inter-array cable anchor footprints = 10,050 m2

e Tether wave cable, with up to 3 anchor points on seabed = 25 m2x 3 anchors x 2 cables x 67
WTGs = 10,050 m?

Inter-array cable protection = 375,000 m?
e Up to 50% of IAC cables protected (total length 250 km) = 125 km at 3 m width

e Maximum area of cable protection for IAC 375,000 m?to a maximum height of 2 m above the
seabed.

Interconnector cable protection = 4,500 m2
e Up to 50% of interconnector cables protected (total length 3 km) = 1.5 km at 3 m width

e Maximum area of cable protection for interconnector cables = 4,500 m? to a maximum height of 2 m

above the seabed.

Export cable protection = 405,000 m?
e Up to 50% of export cables protected (total length 270 km) = 135 km at 3 m width

e Maximum area of cable protection for export cables = 405,000 m2 to a maximum height of 2 m
above the seabed

Export cable crossings = 1,500 m?
e 3 crossings with existing infrastructure (based on the centreline of the offshore export cable route)

e Maximum total footprint = 500 m? (footprint) x 3 (number of crossings) = 1,500 m? to a maximum
height of 5 m above the seabed

Impact 7: EMF impacts arising C-02, C-29 Total length of cables: 523 km The Worst Case Design Scenario is associated with the use of 67 WTGs
from cables during operational as this results in the greatest length of inter-array and export cables. This
phase Inter-array cables = 250 km considered length of cable network exposes the largest area and number
. . . of fish to potential EMF impacts.

¢ Maximum of 250 km of inter-array cables, operating at up to 132 kV P P

e Minimum cable burial depth = 1 m

Interconnector cable = 3 km

e Up to 3 km of interconnector, operating at up to 275 kV

e Minimum cable burial depth = 1 m

Export cables = 270 km

e Upto 270 km of export cables, operating at up to 275 kV;

e Minimum cable burial depth =1 m

The operational lifetime of the project is approximately 35 years.
Impact 8: Ghost fishing due to  C-37 Total cross section in water column: 777,585 m? The Worst Case Design Scenario is shaped by the introduction of

lost fishing gear becoming
entangled in installed
infrastructure

Mooring parameters

e Maximum 12 mooring lines per WTG for all mooring arrangement options (maximum 804 mooring
lines total where tension lines are used, 603 mooring lines where catenary, semi-taut or taut lines
are used)

e Maximum mooring line radius: 1,500 m (except for tension morning lines: 200 m)

structures into the water column, including mooring, floating platforms,
and cables, which can inadvertently introduce the risk of ghost fishing
gear and entanglement hazards. The presence of these structures
increases the likelihood of ghost fishing gear becoming entangled, posing
a risk to fish. This heightened entanglement risk may disrupt fish
behaviour, migration patterns, and habitat utilisation, altering predator-
prey interactions and ecosystem dynamics within the affected area. The
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Impact
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Commitment

Worst Case Design Scenario

Justification

e Maximum mooring line length 1,600 m for catenary (1550 m for semi-taut, 1500 m for taut and less
than 200 m for tension lines)

° Total maximum lateral cross-section of the mooring system in the water column: 10,800 m2x 67
WTGs = 723,600 m?

e Mooring lines material: chain, wire, synthetic rope or combination

e Maximum mooring line diameter: 190 mm for top/bottom chain, 450 mm for synthetic rope, 250 mm
for wire rope

It should be noted that regardless of the mooring line design, the lines will be under high tension
without the potential for creating a loop around larger fish.

OEP(s) = 46,560 m?

e 1 x OEP jacket with a footprint of 97 m (max water depth) x 60 m x 4

e 2 Xx OEP surface area = 46,560 m?

e Note: actual OEP surface structural area will be a fraction, approximately <10% of the above figure.

Inter-array cables = 5,025 m?

e Minimum external cable diameter: 150 mm.

e Maximum external cable diameter: 250 mm

e Using max diameter, total surface area assuming 67 x 300 m IAC in water column = 5,025 m?

The presence of the moorings and dynamic cables will be restricted to the array area only.

IAC Junction Box = 1,200 m?

e Max Dimensions (LXxW xH)=15x6x4 m

e Cross section in water column =15 m x 4 m = 60 m2
e Max Number of Units = 20

e Total cross section of units = 20 x 60 m? = 1,200 m?

assessment has taken into account the potential for entanglement
hazards associated with the introduced structures, resulting in a
precautionary approach to the assessment outcome.

Impact 9: Introduction of new
hard substrates and potential
for fish aggregation

C-08, C-29,
C-37

Total hard substrates introduced = 5,530,120 m?
Calculated for maximum envelope sizes & maximum no. of WTGs (67), 10% overage included.

Hard substrates on seabed = 2,737,100 m?
e Moorings = 874,350 m?

e |IAC Cable Protection - max length (50% of 250 km = 125 km) x 3 m at seabed = 375,000 m2 to a
maximum height of 2 m above the seabed

e |IAC Cable Tether Clump Weights - 67 WTGSs, 2 cables, up to 3 clump weights each 25 m?
(conservative assumption) = 10,050 m?

e |IAC Junction Boxes scour protection — max area of scour protection for 20 units = 9,000 m? to a
maximum height of 2 m above the seabed

e Interconnector Cable Protection - max length (50% of 3 km = 1.5 km) x 3 m at seabed = 4,500 m? to
a maximum height of 2 m above the seabed

e Export Cable Protection - max length (50% of 270 km = 135 km) x 3 m at seabed = 405,000 m? to a
maximum height of 2 m above the seabed

e OEP Scour Protection 2 OEP(s) = 12,800 m?
e WTG Anchor Scour Protection = 737,000 m?
° Landfall/Intertidal/HDD - assume 20% coverage of export cable protection = 162,000 m?
e Additional items such as wave buoy / floating lidar moorings/anchors/scour = 147,400 m?

The Worst-Case Design Scenario is defined by the maximum area of
structures introduced into the water column, including mooring, floating
platforms, and cables. The introduction of hard structures can also result
in increased fish aggregation around these features, which can have
various impacts on fish behaviour, feeding patterns, and habitat use. This
increased aggregation may lead to changes in predator-prey dynamics,
competition for resources, and overall ecosystem dynamics within the
area impacted by the structures. The maximum numbers of possible
structures in the water column have been considered. As a result, the
outcome of the assessment is therefore inherently precautionary.
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Impact Embedded Worst Case Design Scenario Justification
Commitment

Hard Substrates in Water Column = 2,793,020 m?
e WTG Floating Foundations = 1,072,000 m?

e Moorings within water column - Using max mooring material diameter, total surface area in water
column with full radius = 1,278,899 m?

e Anchors - Consider max pile diameter (15 m) & max stickup above seabed (5 m) = 355,196 m?
e OEP Jacket = 46,560 m?

e OEP Piles Maximum 2x OEP(s), each with max 12 piles. Consider max pile diameter (4 m) & max
stickup above seabed (10m) = 3,619 m?

e |AC within water column - Using max diameter, total surface area assuming 300 m IAC in water
column = 31,586 m?

e |IAC Junction boxes =20 units X (15mx4m)x2+ (6 mx4m)x2+ (15 mx6m)=>5,160 m?

Impact 10: UWN and vibration  N/A A maximum of 67 direct drive/geared turbines, with a max rotor size of 300 m. The Worst-Case Design Scenario for UWN during the operation phase
from operational WTGs and considers the ongoing operational turbines and maintenance vessel traffic.
vessels

Maximum 12 mooring lines per WTG for all mooring arrangement options (maximum 804 mooring lines

total where tension lines are used, 603 mooring lines where catenary, semi-taut or taut lines are used). = The Worst-Case Design Scenario also includes the potential for impulsive
sounds or transients from mooring-related structures, and the dynamic

Mooring lines material: chain, wire, synthetic rope or combination. motion of floating platforms which may generate noise as the inter-array
cables connecting the turbines to the seabed move through the water

. e L . column, and as the anchors or mooring lines interact with the water.
The operational lifetime of the project is approximately 35 years.

Decommissioning

Impact 11: Increases in SSCs  C-02, C-09, The worst-case scenario for this impact is represented in Impact 1. Defining the Worst Case Design Scenario for sediment disturbance
and deposition of disturbed C-29 activities is highly complex as the disturbance will be temporally and
sediments to the seabed. spatially variable (depending upon the metocean conditions at the time).

For sediment plumes, the Worst Case Design Scenario is intended to be
representative in terms of peak concentration, plume extent and plume
duration but will not correspond to a single sediment disturbance activity.

The Worst Case Design Scenario for foundation installation results from
the largest volume suspended from seabed preparation and presents the
worst-case for WTG installation. For cable installation, the Worst Case
Design Scenario results from the greatest volume from sandwave
clearance and installation. This also assumes the largest number of
cables and the greatest burial depth.

The Worst Case Design Scenario for fluid release from HDD works is
included. The maximum possible volume of fluid (bentonite) released has
been included, assuming that the fluid would not be captured and is
released into the marine environment.

In the absence of detailed information regarding decommissioning works,
the impact on Fish and Shellfish Ecology is expected to be similar to or
potentially less than that during the construction phase. Therefore, the
parameters defined as worst case scenarios for construction also apply to
decommissioning.

Impact 12: Temporary habitat  C-02, C-09, The worst-case scenario for this impact is represented in Impact 2. Temporary habitat disturbance relates to the maximum total area of

disturbance C-39 habitat disturbance during the construction phase. The footprint of
infrastructure is assessed as a temporary impact in construction, and as a
permanent impact in operation and maintenance (O&M) (see impact 7). It
should be noted that for gravity anchors, the seabed preparation area is
less than the footprint of the foundation scour protection. The Worst Case
Design Scenario presents a precautionary approach to temporary habitat
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Commitment

Worst Case Design Scenario

Justification

disturbance because it counts both the total footprint of seabed clearance
as well as cable burial across both the array and offshore ECC. This
approach counts the footprint of seabed habitat to be impacted by
construction in the same area twice. However, this precautionary
approach has been taken because there is some potential for recovery of
habitats between the activities due to project timescales.

In the absence of detailed information regarding decommissioning works,
the impact on Fish and Shellfish Ecology is expected to be similar to or
potentially less than that during the construction phase. Therefore, the
parameters defined as worst case scenarios for construction also apply to
decommissioning.

The decommissioning strategy anticipates that all offshore components
will be removed entirely for re-use, recycling, or disposal during
decommissioning, unless there is compelling evidence to leave certain
components, such as buried sections, in place. An exception may be
made for scour protection and piled foundations, which could be cut off 1
m below the seabed if practical recovery is not feasible. Preservation of
marine habitat that may have developed over the life of the Offshore
Development may warrant leaving the scour protection in place, especially
for remedial protection placement/boulders, as they are generally small in
size and numerous, making recovery impractical.

Impact 13: Direct and indirect ~ C-08, C-09 See Impact 1, the Worst-Case Design Scenario for contaminant resuspension relates to predicted This scenario represents the maximum total seabed disturbance and
seabed disturbance leading to sediment disturbance. therefore the maximum amount of contaminated sediment that may be
release of sediment released into the water column during construction activities. The re-
contaminants suspension of sediments is dependent on sediment disturbance and
therefore is linked to the volumes presented in Impact 1.
In the absence of detailed information regarding decommissioning works,
the impact on Fish and Shellfish Ecology is expected to be similar to or
potentially less than that during the construction phase. Therefore, the
parameters defined as worst case scenarios for construction also apply to
decommissioning.
Impact 14: Direct damage C-02, C-09, The worst-case scenario for this impact is represented in Impact 4. Direct damage and disturbance relate to seabed preparation, jack up and
(e.g., crushing) and C-39 anchoring operations and cable installation, as described in Impact 2. It
disturbance to mobile should be noted that where boulder clearance overlaps with sandwave
demersal and pelagic fish and clearance, the boulder clearance footprint will be within the sandwave
shellfish species clearance footprint. The Worst-Case Design Scenario for direct damage in
the intertidal area from the HDD works is included.
In the absence of detailed information regarding decommissioning works,
the impact on Fish and Shellfish Ecology is expected to be similar to or
potentially less than that during the construction phase. Therefore, the
parameters defined as worst case scenarios for construction also apply to
decommissioning.
Impact 16: Mortality, injury, C-05, C-14, The worst-case scenario for this impact is represented in Impact 5. To justify the Worst-Case Design Scenario for noise and vibration impacts
behavioural impacts, and C-15,C-31 on fish species in the context of the project information provided, we

auditory masking arising from
noise and vibration

consider the extensive duration and scale of piling activities. The project
involves the installation of a significant number of semi-submersible
WTGs with multiple anchors per WTG, totalling a substantial number of
piles to be driven into the seabed. With a maximum hammer energy of
2,400 kJ for WTG anchors and 3,200 kJ for OEP(s), coupled with
concurrent piling at two locations and a high rate of pile installation per
day, the intensity and duration of noise and vibration generated during
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piling operations are considerable. The planned piling activities spanning
175 days between 2029 and 2031, with specific piling dates allocated for
each year, indicate a prolonged period of disturbance. Moreover, the
large-scale nature of the project involving numerous piles being driven into
the seabed concurrently at high energy levels amplifies the potential
impact on fish species in terms of noise and vibration impacts. This
approach is precautionary and as a result, the outcome of the assessment
is therefore inherently precautionary.

In the absence of detailed information regarding decommissioning works,
the impact on Fish and Shellfish Ecology is expected to be similar to or
potentially less than that during the construction phase. Therefore, the
parameters defined as worst case scenarios for construction also apply to
decommissioning.
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10.7. ASSESSMENT OF LIKELY SIGNIFICANT EFFECTS

10.7.1. Assessment of LSE on fish and shellfish ecology has been undertaken for all phases of the
Proposed Development. A detailed description of each impact, informed by Volume 1,
Chapter 3 (Project Description), baseline information and various analytical methods including
modelling is provided below.

CONSTRUCTION

IMPACT 1 - INCREASES SSC AND DEPOSITION OF DISTURBED
SEDIMENTS TO THE SEABED

10.7.2. Temporary localised increases in SSC and associated sediment deposition and smothering
are expected from foundation and cable installation works (including HDD installation) and
seabed preparation works (including PLGR). This assessment should be read in conjunction
with Volume 2, Chapter 7 (Marine and Coastal Processes) and Volume 3, Appendix 7.1
(Marine and Coastal Processes Technical Report), which provides the detailed offshore
physical environment assessment (including project specific modelling of sediment plumes).

MAGNITUDE OF IMPACT

10.7.3. In the Array Area and offshore ECC, temporary localised increases in SSC and associated
sediment deposition and smothering are expected from foundation and cable installation
works and seabed preparation works (including PLGR). The activities associated with the
Proposed Development which will result in the greatest disturbance of seabed sediments are:

e Pre-lay cable trenching using a jetting tool at the seabed,;

e Seabed preparation (including PLGR and boulder clearance) including spoil disposal
via a jetting tool;

e Foundation installation using drilling techniques; and
e Drilling fluid and sediment release during HDD operations.

10.7.4. Suspended Particulate Matter (SPM) concentrations are typically low in the Array Area, with
surface concentrations of up to 5 mg/l recorded between the period 1998 to 2015 (Centre for
Environmental, Fisheries and Aquaculture Science (Cefas), 2016) although near-bed SPM
levels may be significantly elevated during storm events. Higher values will occur during
spring tides and storm conditions, with the greatest concentrations encountered close to the
seabed (Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical Report)). SPM
concentrations across the whole offshore ECC are generally low, with surface levels reaching
up to 5 mg/l between 1998 and 2015 (Cefas, 2016). However, near-bed SPM levels can rise
significantly during storm events, and elevated concentrations are observed near the coast
due to wave-bed interaction and riverine sediment inputs.

10.7.5. Table 10-16 presents the worst-case design scenario associated with increases in SSC and
deposition. Seabed preparation for anchor installation, sandwave clearance for cable
installation, cable trenching, drilling for anchor foundations and spoil disposal are all predicted
to result in sediment plumes and localised increases in SSC. Site-specific modelling of
sediment plumes and deposition (Volume 3, Appendix 7.2 (Marine Processes Modelling
Report)) from seabed preparation and installation activities along the Proposed Development
offshore ECC, and within the offshore Array Area has been undertaken to quantify the
potential footprint of the plumes, their longevity and the concentration of SSC as well as the
subsequent deposition of plume material on the seabed.




MUIR MHOR
OFFSHORE WIND FARM
HDD Operations

10.7.6. The subsea export cable ducts will be installed underneath the beach using HDD as identified
in the worst-case design scenario. The drilling activity utilises a viscous drilling fluid which
consists of a mixture of water and bentonite, a non-toxic, naturally occurring clay mineral. The
release of drilling fluid and drill cuttings from HDD operations will result in a plume of elevated
SSC. The drilling fluid has an overall density and viscosity similar to seawater and so is
expected to behave in a similar manner.

10.7.7. The modelling results detailed in Volume 3, Appendix 7.2 (Marine Processes Modelling
Report) indicate an increase in SSC of more than 0.5 mg/l is confined to an area extending
roughly 6 km north and south of the release point (Port and Coastal, 2024). During the flood
tide release, the highest SSC is found south of the release point, while during the ebb tide
release, it is found to the north due to plume advection. However, the flood tide plume extends
further north, and the ebb tide plume extends further south, showing that the plume remains
in suspension after the slack water period and the flow direction change (Volume 3, Appendix
7.2 (Marine Processes Modelling Report)). Plume concentrations do not exceed 10 mg/l. All
measurable increases in SSC are short lived, persisting for less than 3.6 hours on the ebb
tide and only persisting for more than 3.6 hours over a small area on the flood tide (Volume
3, Appendix 7.2 (Marine Processes Modelling Report)).

10.7.8. The modelling indicates deposition of up to 0.2 mm thick and is predicted to occur localised
to the exit pit (<100m x 100m). This deposition is small-scale and highly localised and is likely
to be rapidly redistributed by wave action and currents.

Foundation and Anchor Installation using Drilling Techniques

10.7.9. Piled anchors will be installed into the seabed using standard piling techniques. In some
locations, the particular geology may present some obstacle to piling, in which case, some or
all of the seabed material might be drilled within the pile footprint to assist in the piling process.

10.7.10. The impact of drilling operations mainly relates to the release of drilling spoil at or above the
water surface which will put sediment into suspension and the subsequent redeposition of
that material to the seabed. The nature of the disturbance will be determined by the rate and
total volume of material to be drilled, the seabed and sub-bottom material type, and the drilling
method (affecting the texture and grain size distribution of the drill spoil). While some of the
other options could result in the release of large sediment volumes (for example drag
embedded anchors), the impact of these is expected to be of relatively short duration and in
close proximity to the bed.

10.7.11. The impact is predicted to be of local spatial extent limited to the secondary Zol of the subtidal
study area, short term duration, likely to be negligible after several tidal cycles. The predicted
impact to SSC will be temporary with a low magnitude of impact.

10.7.12. Associated deposition from sediment plumes is generally in the order of tens to low hundreds
of mm within several hundreds of metres from the point of disturbance, reducing to low tens
of mm beyond this. Sediment deposition is generally small-scale and restricted to the near-
field. This deposition is likely to become integrated into the local sediment transport regime
and will be redistributed by tidal currents.

Export Cable Installation

10.7.13. Modelling indicates that the highest elevations in SSC are anticipated to occur in discrete
areas at the nearshore extent of the offshore ECC and within the Array Area. Any elevations
in SSC from export cable installation above 20 mg/l however, are expected to be of short
duration (less than 7.2 hours). Increases in SSC from export cable installation are typically
less than 5 mg/l and constrained to within 8 km to the north of the offshore ECC and within
20 km south of the offshore ECC, reflecting a southward flow dominance.
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Modelling indicates that directly along the path of the jet trencher, sedimentation thickness is
typically around 4 to 6 mm, with some small areas where thickness is more than 10 mm.
Outside of the offshore ECC the sediment thickness is less than 2 mm, with a more extensive
area of deposits to the south of the offshore ECC. Jet trenching is anticipated to result in a
short duration of elevated SSC (over 20 mg/l), with elevations rapidly reducing to values of
less than 5m/l once the jet trencher has moved on. The tidal flow quickly disperses the plume
so that SSC drops to less than 5 mg/l within one tidal cycle. Further from the path of the jet
trencher, peak concentrations are lower, being in the range of 8 mg/l to 18 mg/I.

Inter-Array Cable Installation

10.7.15.

10.7.16.

10.7.17.

Modelling indicates that peaks of SSC up to 200 mg/I are anticipated in proximity to the works,
with elevations expected to remain very localised to the activity, with very limited transport of
the suspended sediment predicted. This is a result of the low tidal currents combined with the
sediment being released relatively close to the seabed. The SSC is expected to quickly reduce
to values of less than 5m/l once the jet trencher has moved away.

Increases in SSC above 50 mg/l due to the cable installation only occurred for a short duration
of time (less than 7.2 hours), with SSC typically being less than 30 mg/l except for small
patches around the OEP(s) within the Array Area. Any increases in SSC of above 10 mg/l
from inter-array cable installation are expected to be mainly constrained within the footprint of
the Array Area. Following the end of the cable installation, SSC quickly reduces to background
concentrations with no increases in background concentrations within six days of the end of
the installation activity.

Sedimentation of more than 10 mm is predicted in the Array Area, with any sedimentation
outside of the Array Area anticipated to be less than 3 mm.

Interconnector Cable Installation

10.7.18.

10.7.19.

10.7.20.

Installation of the interconnector cables would produce the same modelling results of as the
installation of the inter-array cable installation, as the WCS assumptions for both cable
installations are the same (see Table 10-16). As such, peaks of SSC up to 200 mg/l are
anticipated in proximity to the interconnector cable installation works, with elevations expected
to remain very localised to the activity, with very limited transport of the suspended sediment
predicted. This is a result of the low tidal currents combined with the sediment being released
relatively close to the seabed. The SSC is expected to quickly reduce to values of less than
5m/l once the jet trencher has moved away.

Increases in SSC above 50 mg/l due to the interconnector cable installation will occur for a
short duration of time (less than 7.2 hours), with SSC typically being less than 30 mg/l except
for small patches around in-between the OEP(s). Following the end of the interconnector
cable installation, SSC quickly reduces to background concentrations with no increases in
background concentrations within six days of the end of the installation activity.

Sedimentation of more than 10 mm is predicted in between the OEP(s), with any
sedimentation outside of the corridor between the OEP(S) (i.e. outside of the Array Area
and/or offshore ECC depending on the final location of the OEP(s), is anticipated to be less
than 3 mm.

Summary

10.7.21.

The magnitude of impact of change from increases in SSC and associated deposition from
the HDD operations, foundation and anchor installation, export cable, inter-array cable and
interconnector installation is noticeable but temporary, with the majority of impacts limited to
the near-field and of short-term duration. The magnitude of impact for these activities has
therefore been assessed as low.
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10.7.22. Due to the proximity of high intensity herring spawning to the offshore ECC, the magnitude of
impact from increases in SSC and associated deposition from export cable installation using
jetting tools is medium for spawning herring.

SENSITIVITY OF RECEPTOR
Sandeel

10.7.23. Sandeel are highly substrate specific (Wright et al., 2000); after an initial larval dispersal
period, sandeel display a degree of site fidelity (Jensen et al., 2011) so their settled distribution
reflects the distribution of preferred habitat. Sandeel rarely occur in sediments where the silt
content (particle size <0.63 um) is greater than 4%, and they are absent in substrates with a
silt content greater than 10% (Holland et al., 2005; Wright et al., 2000). It has been found that
they tend to occupy the top 4 cm of the seabed and regulate their burial depth based on
oxygen availability (Behrens et al., 2007). High intensity sandeel spawning grounds (Ellis et
al., 2010) are located within the Array Area and offshore ECC (Figure 10-3). In addition to
this, the majority of the Proposed Development was identified as having 'Preferred’ sediments,
using the method outlined by MarineSpace Ltd et al. (2013b). The Turbot Bank NC MPA
(designated for sandeel) is positioned directly along the eastern boundary of the Array Area
and within the secondary Zol. The Langton et al. (2021), sandeel distribution model also
suggests a moderate-high probability and density of buried of sandeel within and adjacent to
the most westerly part of the offshore ECC (Figure 10-14).

10.7.24. The secondary impacts of increased concentrations of SSC in the water column and
smothering (from deposition of particles as a result of comparable activities such as dredging
and screening of cargo), have been shown to be inconsequential to sandeel species
(MarineSpace Ltd, 2010). Sandeel eggs are also likely tolerant to increases in SSC and
smothering from sediment deposition, due to the nature of resuspension and deposition within
their natural high energy environment. Sandeel deposit eggs on the seabed in the vicinity of
their burrows between December and January. However, any impacts on sandeel are
expected to be relatively small in the context of the spawning habitat available across the
northern North Sea. Therefore, sandeel are deemed to be of low vulnerability, medium
recoverability and of national importance (within the NC MPA), and therefore the sensitivity of
the receptor is low.

Herring

10.7.25. Herring are demersal spawners, meaning they lay their eggs on the seafloor or other
submerged surfaces. The key concern for herring eggs is the impact of increased SSC and
sediment deposition, which can smother the eggs and disrupt the development of the larvae.
This disruption can occur through two main mechanisms. First, the sediment grains can
physically retard the growth and development of the larvae. Second, increased sediment can
reduce the availability of oxygen around the eggs, negatively impacting the larvae. However,
it's important to note that the impact of SSC on herring egg development is limited to the first
couple of hours after the eggs are laid. Griffin et al. (2009) indicates that SSC only affects the
eggs when it binds with them during this critical initial period. This suggests the timing of
potential sediment impacts is focused on the immediate aftermath of the eggs being deposited
on the seafloor.

10.7.26. In summary, while increased SSC and sediment deposition can be a concern for herring eggs,
the key window for this impact is the first few hours after the eggs are laid, when the sediment
can directly interact with and smother the newly deposited eggs. The Proposed Development
overlaps with the Buchan herring spawning ground (NMPi, 2015, as categorised by Coull et
al., 1998). However, the majority of the Proposed Development was identified as having
‘Unsuitable’ sediments, using the method outlined by MarineSpace Ltd et al. (2013a).
Exceptions include some discrete areas in the southern part of the Array Area, which have
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been classified as either 'Marginal' or 'Preferred'. Additionally, some "Prime/preferred" habitat
has been identified in the nearshore region of the offshore ECC (Figure 10-11 and Figure
10-12).

10.7.27. A figure showing the herring spawning potential heat map (Figure 10-13) indicates there are
areas of ‘medium’ to ‘high’ spawning potential over all of the Array Area and offshore ECC.
Within the study area, the majority of the study area is classified as ‘high’ spawning potential,
with areas to the north and east of the Array Area identified as ‘medium’ potential.
Furthermore, adult herring are mobile and as such would be expected to avoid unfavourable
areas. Taking into consideration the regional importance of herring, the medium vulnerability
of herring eggs and larvae to this impact, low recoverability and the overlap with the Buchan
spawning ground, herring are considered to be of medium sensitivity to increases in SSC and
sediment deposition from the proposed construction activities.

Shellfish

10.7.28. European lobsters do not exhibit a sedentary overwintering habit (as is observed in brown
crab), being typically mobile and therefore considered able to move away from sources of
disturbance. However, berried (egg carrying) females are likely to be more vulnerable to
increased SSC and smothering impacts as the eggs carried require regular aeration.
European lobster are therefore considered to be of medium vulnerability, high recoverability
and of regional importance, and therefore the sensitivity of the receptor is low.

10.7.29. Brown crab are considered to have a high tolerance to SSC and are reported to be insensitive
to short-term increases in turbidity; however, they may avoid areas of increased SSC as they
rely on visual acuity during predation (Neal and Wilson, 2008). Berried female brown crab
exhibit a largely sedentary lifestyle during the overwintering period whilst brooding eggs.
During this time, they are considered a static receptor, burying themselves into soft mud and
sand, and are therefore unlikely to move away from disturbances. Berried females are
considered more vulnerable to smothering from sediment deposition. This heightened
vulnerability arises from their sedentary behaviour during this period, as they remain relatively
static to ensure proper aeration for their carried eggs. The eggs require regular exposure to
well-oxygenated water to facilitate their development, making the immobile females
particularly vulnerable to the potential smothering impacts of excessive sediment
accumulation. Taking this into account, brown crab are considered to be of medium
vulnerability during the overwintering period, high recoverability (Neal and Wilson, 2008) and
of regional importance, and therefore the sensitivity of the receptor is low.

10.7.30. Nephrops rely on burrowing in soft substrates for shelter and protection and increases in SSC
can affect their ability to burrow effectively. A study published Joyce at al., (2010) examined
the impact of sediment deposition on Nephrops burrowing behaviour. This research found
that sediment deposition can inhibit burrowing activity and disrupt the structure of burrows,
potentially leading to increased vulnerability to predation and reduced reproductive success.
Another study published by Johnson et al. (2013) found that exposure to elevated levels of
suspended sediment led to changes in the behaviour and physiology of Nephrops, including
reduced feeding activity and altered respiratory responses. These changes can negatively
impact their overall health and fitness. Overall, research suggests that Nephrops are
vulnerable to increases in SSC and are therefore considered to be of medium vulnerability,
high recoverability and of regional importance, and therefore the sensitivity of the receptor is
low. Freshwater pearl mussels are a critically endangered species that play a vital role in
aguatic ecosystems. As large, long-lived filter feeders with a complex life cycle dependent on
juvenile salmonid fish, they are highly sensitive to environmental changes and disturbances.
Freshwater pearl mussels have high vulnerability to increases in suspended sediment
concentrations and associated sedimentation, which can smother and suffocate the mussels,
especially during the sedentary overwintering period when females are brooding their eggs.
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The nearest SACs designated for freshwater pearl mussel (River Spey SAC, River Dee SAC,
River South Esk SAC and River Tay SAC) are all situated 87 km or further from the Proposed
Development. Sediment plumes from the Proposed Development are not likely to reach these
distances, therefore, this receptor is not considered further in the assessment of this impact.

10.7.31. Ocean quahog, a bivalve species is a FOCI which has been recorded within the Proposed
Development (see Section 10.5). Ocean quahog lives buried vertically in the top few
centimetres of the sediment (soft sands and muddy sands) with is inhalant and exhalent
siphons at the surface (Taylor, 1976; Morton, 2011 as cited in Tyler-Walters and Sabatini,
2017). Studies have recorded responses of ocean quahog to smothering and siltation rate
changes, observing the bivalve being able to reach the surface, and recording no mortality,
or impacts on its growth or population structure (Powilliet et al., 2006; 2009 as cited in Tyler-
Walters and Sabatini, 2017). The MarLIN sensitivity review has assessed ocean quahog as
not being sensitive to smothering or an increase in suspended sediment (Tyler-Walters and
Sabatini, 2017). With respect to localised increases in SSC deposition, ocean quahog is
considered to be of low vulnerability, high recoverability and of international importance, and
therefore the sensitivity of the receptor is low.

10.7.32. King and Queen scallop are of commercial value to fisheries within the region and are broadly
distributed across the northern North Sea. These scallop species can undertake limited
swimming, although this is considered to be at a high energy cost and generally associated
with predator avoidance, therefore this species is not expected to be able to travel large
distances to avoid disturbance. The MarLIN sensitivity review has assessed king scallop as
having a low sensitivity to smothering and an increase in suspended sediment (Marshall and
Wilson, 2008). King scallop is therefore considered to be of low vulnerability, high
recoverability and of regional importance, and therefore the sensitivity of the receptor is low.

Pelagic spawning

10.7.33. Cod, plaice, Norway pout, lemon sole, sprat and whiting all have spawning grounds
overlapping the study area. These receptors are pelagic spawners and do not exhibit
substrate dependency. Therefore, sediment deposition within these spawning grounds will not
result in any potential loss of available spawning habitats. These receptors are mobile, widely
spread across the northern North Sea, and will experience exposure to naturally high
variability to SSC within their natural range. The receptors are therefore considered to be
broadly insensitive to increased SSC and sediment deposition, therefore the sensitivity of
these receptors is considered to be low.

Elasmobranch

10.7.34. All of the identified elasmobranch VERs are mobile and widespread throughout the wider
Moray Firth and North Sea. They will experience exposure to naturally high variability in SSC
within their natural range, with no substrate dependence for spawning. Therefore, the
sensitivity of all other fish species is considered to be low.

Diadromous

10.7.35. Diadromous species migrate through estuarine environments which typically have higher
levels of SSC and are therefore anticipated to have some tolerance to increased SSC. Any
adverse effects from increased SSC on diadromous species will likely be temporary
behavioural effects but will not create a barrier to migration to and from natal rivers. The
sensitivity of these receptors is therefore considered to be low.

SIGNIFICANCE OF EFFECT

10.7.36. The overall significance of the effect on each VER group has been summarised in Table 10-17
along with the corresponding magnitude of impact and sensitivity. Overall, the magnitude of
the impact is deemed to be low, with the exception of spawning herring which have a
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magnitude of impact of medium. The maximum sensitivity of receptors is medium. The
significance of the effect is therefore considered to be moderate for spawning herring, which
is significant in EIA terms. The significance of the effect for all other VERs is negligible which
is not significant in EIA terms.

Table 10-17 Significance of effect of increases in SSC and deposition of disturbed sediments to the seabed

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Medium Medium Moderate
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, Low Low Negligible

plaice, Norway pout, lemon sole,
sprat, Atlantic mackerel,
European hake, blue whiting,
anglerfish, ling, saithe, haddock
and whiting. (Pelagic swimming)

Shellfish - Freshwater pearl Low Low Negligible
mussel, ocean quahog, brown

crab, scallop, Nephrops,

European lobster

Elasmobranchs - Basking Low Low Negligible
shark, porbeagle, spurdog,

starry smooth-hound, tope

shark, spotted ray, common

skate, thornback skate

Diadromous - Atlantic salmon, Low Low Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad,

brown trout (Sea trout).

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.37. Additional fish and shellfish ecology mitigation is considered to be necessary due to the
potential for significant effects on spawning herring in the absence of further mitigation
(beyond the embedded commitments outlined in Section 10.6) is significant in EIA terms.

10.7.38. Mitigation options are presented within Volume 4, Appendix 10 (In Principle Fish Mitigation
Plan) that shows how these significant effects of increased SSC and deposition to the seabed
during herring spawning can be reduced to levels that are not significant. The residual effect
will be minor, which is not significant in EIA terms.

10.7.39. No additional fish and shellfish ecology mitigation is considered necessary for all other
receptors, because the likely effect in the absence of further mitigation (beyond the embedded
commitments outlined in Section 10.6) is not significant in EIA terms.

IMPACT 2 - TEMPORARY HABITAT LOSS AND DISTURBANCE

10.7.40. Temporary habitat disturbance in the study area will be a likely occurrence from anchor and
OEP foundation seabed preparation works, the use of jack-ups and anchored vessels, HDD
works, cable seabed preparation and installation works, IAC Junction Box Installation and
UXO clearance during the construction phase of the Proposed Development. These
construction activities have the potential to impact on fish and shellfish ecology by the
disturbance of essential habitats for survival (e.g., spawning, nursery and feeding habitats).
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MAGNITUDE OF IMPACT

10.7.41. The maximum area of temporary habitat loss/disturbance due to the presence of foundations,
scour protection and cable protection is approximately 7.7 km? (as presented in Table 10-16)
and equates to approximately 2% of the total seabed area within the boundaries of the
Proposed Development. Comparable habitats and fish and shellfish species compositions are
present and widespread within the wider area.

10.7.42. 1t should be noted that the worst-case design scenario presents a precautionary approach to
temporary habitat disturbance because it counts both the total footprint of seabed clearance
as well as cable burial across both the Array Area and offshore ECC. This approach effectively
counts the footprint of seabed habitat to be impacted by construction in the same area twice.
However, this precautionary approach has been taken because there is some potential for
recovery of habitats between the activities due to construction timescales.

10.7.43. Of the total area of temporary habitat loss described a maximum of approximately 6.9 km? is
predicted to be temporarily disturbed within the Array Area as a result of seabed preparations
for foundations, anchoring operations, jack-up barge operations and the installation and burial
of cables (including associated anchor placements). This equates to approximately 3.4% of
the total seabed area within the Array Area.

10.7.44. Of the total area of temporary habitat loss described in Table 10-16, a maximum of
approximately 819,000 m?2 will be temporarily disturbed within the subtidal areas of the
offshore ECC as a result of seabed preparation, export cable installation, burial and jointing.
This equates to approximately 0.4% of the total seabed area within the offshore ECC.

10.7.45. The impact is predicted to be of local spatial extent (i.e., within the boundaries of the Proposed
Development), of short-term duration and reversible. It is predicted that the impact will affect
fish and shellfish receptors directly. Taking this into account, the magnitude of impact on fish
and shellfish receptors is considered to be low.

SENSITIVITY OF RECEPTOR
Sandeel

10.7.46. On account of the demersal spawning nature of spawning herring and sandeel, they are
considered to be vulnerable to the impacts of temporary habitat disturbance during the
construction phase of development. Both receptors are considered most vulnerable during
spawning when they are less mobile, with their eggs and larvae also considered to be unable
to avoid this impact; therefore, in the case of this assessment, spawning herring and sandeel
are considered static receptors. In addition to this, the species are both considered to be
reliant on the presence of suitable spawning substrates.

10.7.47. Sandeel are demersal spawners and are reliant upon the presence of suitable substrates for
spawning (i.e., sandy sediments); as well as laying demersal eggs, sandeel also have specific
habitat requirements throughout their juvenile and adult life history. Sandeel habitats are
widely distributed across the northern North Sea. Further, sandeel are of significance when
considering impacts to the Turbot Bank NC MPA due to being a designated feature of the site.
Additionally, it is worth noting that sandeel are important prey species for minke whales which
are a designated feature of the Southern Trench NC MPA and bottlenose dolphins for the
Moray Firth SAC. However, it should be noted, that as detailed in Table 10-14, the Turbot
Bank NC MPA will not be crossed by the offshore ECC, in accordance with commitment C-
39, therefore there will be no direct impacts from habitat disturbance on sandeel habitats
within the designated site. The overlap of the Proposed Development with sandeel spawning
grounds is small compared to the overall extent of spawning grounds across the northern
North Sea (overlap of approximately <5% of the sandeel spawning ground (NMPi, 2015, as
categorised by Coull et al., 1998). Results from a post-construction monitoring study at the
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Beatrice OWF indicated that sandeel abundance either increased or remained the same when
comparing data from 2014 to 2020, with the offshore construction of the wind farm beginning
in April 2017 (BOWL, 2021). The report found no evidence suggesting that construction had
any adverse effects on the local sandeel population. Similarly, both short-term and long-term
monitoring studies at the Horns Rev OWF in the Baltic Sea, Denmark, demonstrated that the
construction and operation (van Deurs et al., 2012) of the wind farm did not result in significant
negative impacts on sandeel populations. Additionally, the sandeel populations were
observed to recover quickly following construction, suggesting that a similar recovery can be
expected in the fish and shellfish ecology study area after construction activities, with the rate
of recovery depending on the restoration of sediments to a condition suitable for sandeel
recolonisation. Specifically, Jensen et al., (2011) found that sandeel populations mix within
fishing grounds over distances of up to 28 km, implying that some recovery of adult
populations is likely after construction, with adults recolonising appropriate sandy substrates
from nearby unaffected habitats. Recovery may also occur through the larval recolonisation
of suitable sandy sediments, as sandeel larvae are likely to be dispersed throughout the fish
and shellfish ecology study area during the spring months following their winter/spring
spawning (Ellis et al., 2012). Taking into account their national value as a qualifying feature
of a NC MPA, and their ecological value as prey species, and their substrate dependency,
and broadscale distribution across the northern North Sea, sandeel are deemed to be of high
vulnerability to temporary habitat disturbance, with limited ability for recovery, and of national
importance within the northern North Sea, and therefore are considered to be of medium
sensitivity.

Herring

10.7.48. Herring are also demersal spawners, reliant upon the presence of suitable substrates for
spawning (i.e., gravelly sediments). Herring spawning habitats are widely distributed across
the northern North Sea. In addition, the overlap of the Proposed Development with the Buchan
spawning grounds (NMPi, 2015, as categorised by Coull et al., 1998) is small compared to
the overall extent of this spawning ground across the northern North Sea (overlap of the
Proposed Development of approximately 5%). Herring is deemed to be of medium
vulnerability to temporary habitat disturbance given their substrate dependency, and of
regional importance within the northern North Sea, and therefore are considered to be of
medium sensitivity.

Shellfish

10.7.49. Nephrops have a known spawning ground which overlaps with the Proposed Development,
and therefore impacts on spawning Nephrops from temporary habitat loss have the potential
to occur. As determined in the MarLIN sensitivity review, Nephrops are classified as having a
low sensitivity to abrasion and physical displacement (Tyler-Walters and Sabatini, 2017).
Nephrops are considered to be medium vulnerability to temporary habitat disturbance given
their substrate dependency, but high recoverability and of regional importance within the
northern North Sea, therefore they are deemed to be of low sensitivity.

10.7.50. Ocean quahog live buried vertically in the top few centimeters of the sediment (soft sands and
muddy sands) with its inhalant and exhalent siphons at the surface (Taylor, 1976; Morton,
2011 as cited in Tyler-Walters and Sabatini, 2017) and is therefore considered potentially
sensitive to temporary habitat loss due to their burrowing nature. The MarLIN sensitivity
review has assessed ocean quahog as having a high sensitivity to abrasion/disturbance of
the seabed (Tyler-Walters and Sabatini, 2017). However, ocean quahog are substrate
dependent rather than being philopatric and can therefore fully utilise adjacent areas which
will be unaffected. Therefore, the sensitivity of these receptors is considered to be low.

10.7.51. Brown crabs are known to be associated with rocky substrates but also inhabit mixed coarse,
sand, and soft sediments (Hall et al., 1993). Berried female brown crab bury themselves into
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soft mud and sand, while brooding eggs in the overwintering period. It should be noted
however that brown crab are substrate dependent rather than being philopatric and can
therefore fully utilise adjacent areas which will be unaffected. Therefore, the sensitivity of
these receptors is considered to be low.

10.7.52. European lobster are broadly distributed across the northern North Sea and are found across
a range of habitats. Lobster are not known to exhibit substrate dependant behaviours and are
therefore considered to be of low sensitivity to temporary habitat disturbance.

10.7.53. King scallop lives attached to the seabed, typically in sandy or muddy habitats, with its shell
and mantle exposed at the surface (Marshall & Wilson, 2008). The MarLIN sensitivity review
has assessed king scallop as having a low sensitivity to abrasion/disturbance of the seabed
and high recoverability (Marshall & Wilson, 2008). The king scallop is of regional importance
and is considered to be of low sensitivity to temporary habitat disturbance.

10.7.54. Remaining shellfish VERs are not likely to be significantly impacted by temporary habitat
disturbance. Additionally, these shellfish species are widely distributed throughout the
northern North Sea region, meaning the temporary loss of a small area of habitat is unlikely
to significantly impact their overall populations or productivity. Their ability to recolonise
disturbed areas also facilitates recovery post-construction. As a result of this, all other shellfish
VERs are considered to be of low sensitivity to impacts from temporary habitat disturbance.

Pelagic spawning

10.7.55. The pelagic spawning VERs identified do not display substrate dependency for spawning and
are therefore not considered vulnerable to temporary habitat disturbance impacts. While
pelagic spawning species may show a tendency to spawn in general areas, displacement
from an immediate area subject to disturbance would not be expected to affect their overall
spawning success. This is because pelagic spawning occurs in the water column, rather than
being directly dependent on specific seafloor substrates or habitats. Temporary habitat loss
or disturbance in a localised area is unlikely to significantly impact the overall spawning
success of these species, as they can continue to spawn in adjacent undisturbed areas.
Additionally, pelagic spawning species are typically widely distributed and have high fecundity,
meaning they produce a large number of eggs. This reproductive strategy helps to ensure the
survival of their offspring, even if some eggs are lost due to temporary habitat disturbance in
a small area. Therefore, while pelagic spawning VERs may show a tendency to spawn in
general areas, their lack of substrate dependency and ability to continue spawning in adjacent
undisturbed areas, combined with their high fecundity and wide distribution, contribute to their
negligible sensitivity to temporary habitat disturbance.

Elasmobranch

10.7.56. All of the identified elasmobranch VERs are mobile and do not display substrate dependency.
Elasmobranch do require somewhere to attach egg casings to, however there is little evidence
about the specific requirements for spurdog and thornback ray and it is expected that this will
be widespread outside of the study area. Therefore, they are not considered vulnerable to
temporary habitat disturbance and as such the sensitivity of these species is considered to be
negligible.

Diadromous

10.7.57. Diadromous species are mobile, and therefore able to avoid areas subject to temporary
habitat disturbance. Furthermore, diadromous species are only likely to be within the
secondary Zol during migrations to and from their natal rivers. Habitats within the secondary
Zol are not likely to be important for diadromous fish species, so any temporary habitat
disturbance is not likely to cause any direct impact upon diadromous fish species and is not
likely to affect their migrations. The sensitivity of these species to temporary habitat
disturbance is therefore low.
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10.7.58. The overall significance of the effect on each VER group has been summarised in Table 10-18
along with the corresponding magnitude of impact and sensitivity.

10.7.59. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-18 Significance of effect of temporary habitat disturbance

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Medium Minor
Demersal spawning - Sandeel Low Medium Minor
Pelagic spawning - Cod, plaice, Low Negligible Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting. (Pelagic
swimmers)

Shellfish - Freshwater pearl Low Low Negligible
mussel, ocean quahog, brown crab,

scallop, Nephrops, European

lobster

Elasmobranchs - Basking shark, Low Negligible Negligible
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Low Low Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad,

brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.60. No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 3 - DIRECT AND INDIRECT SEABED DISTURBANCE LEADING
TO RELEASE OF SEDIMENT CONTAMINANTS

10.7.61. As discussed under Impact 1, construction activities will re-suspend sediments. While in
suspension, there is the potential for sediment-bound contaminants, such as metals,
hydrocarbons and organic pollutants, to be released into the water column and lead to an
impact on fish and shellfish receptors.

MAGNITUDE OF IMPACT

10.7.62. The results of a site-specific sediment chemistry survey, undertaken within the boundaries of
the Proposed Development (see Volume 3, Appendix 9.1 (Offshore Baseline Survey Reports)
revealed that across the Array Area, all stations had contamination concentrations below
Cefas Action Level 1. Within the offshore ECC, only one station had an exceedance of the
Cefas Action Level 1 for Arsenic. Polycyclic Aromatic Hydrocarbons (PAHsS) were generally
low across the survey area (below the UK Offshore Operators Association (UKOOA) (2001)
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50th percentile reference threshold for the background stations in the North Sea). It should be
noted that two stations in the intertidal area feature recorded PAHSs that exceeded the UKOOA
threshold (although these did not exceed the UKOOA (2001) 95th percentile), which was
hypothesised to be localised atmospheric fallout of PAHs along isolated parts of the beach.
However, this is not a concern as the intertidal sediments will not be disturbed during
construction through the use of HDD techniques. Pyrene was also slightly higher than the
OSPAR Background Assessment Concentrations (BAC) at one offshore ECC subtidal station.

10.7.63. Within the offshore ECC, 14 stations assessed the sediment contaminants, seven from the
intertidal region and seven from the subtidal aspect of the offshore ECC. Of these, 13 stations
recorded concentrations below AL1 for all contaminants with one subtidal station
(ECC_28_SEC_DNA) exceeding AL1 for Arsenic. Of note is that the AL2 threshold was not
exceeded.

10.7.64. Total Hydrocarbon Concentrations (THC) and n-alkane concentrations of sediments were low
across the Proposed Development, and no stations exceeded UKOOA (2001) 50th percentile
threshold for the North Sea. There was a dominance in biogenic, odd carbon numbered
alkanes across the survey area. This shows typical North Sea run-off and non-drilling related
hydrocarbons from shipping traffic. The North Sea is a region where both oil and gas are
produced (Cefas, 2001). Hydrocarbon signatures were indicative of those typically seen for
background sediments on the UK Continental Shelf (UKCS).

10.7.65. Ten stations in the Array Area recorded metal concentrations exceeding OSPAR (2014) BAC,
including arsenic and nickel at six stations and mercury and lead at three stations. The arsenic
concentrations recorded in this study were within the range of those reported for the central
North Sea (Cefas, 2001). Twenty stations in the offshore ECC and intertidal area recorded
metal concentrations exceeding OSPAR (2014) BAC, and within these stations, eight metals
were above thresholds. Arsenic had the highest occurrence at five stations, and nickel was
elevated at three stations and zinc at four stations. These recorded concentrations are
consistent with those within marine sediments in the wider North Sea.

10.7.66. Following disturbance as a result of construction activities, the majority of re-suspended
sediments are expected to be deposited in the immediate vicinity of the works. The release of
contaminants from the small proportion of fine sediments is likely to be rapidly dispersed with
the tide and/or currents and therefore increased bioavailability resulting in adverse eco-
toxicological impacts are not expected.

10.7.67. The impact is predicted to be very slight or no change to the baseline conditions as it is of
local spatial extent, short term duration, intermittent and high reversibility. The magnitude of
impact is therefore considered to be negligible.

SENSITIVITY OF RECEPTOR

10.7.68. Construction activities leading to the resuspension of sediments will have varying levels of
impact dependent on the species present and pollutants involved. As sediment-bound
contaminants would be expected to be dispersed quickly in the subtidal environment, the level
of impact is predicted to be small.

10.7.69. Due to their increased mobility, adult fish are less likely to be affected by marine pollution.
However, fish eggs and larvae are likely to be particularly sensitive, with pollutants having
potentially toxic impacts on fish eggs and larvae (Westerhagen, 1988) . The resuspension of
sediment-bound contaminants (e.g., heavy metals and hydrocarbon pollution) have been
found to impact fish eggs and larvae and can include abnormal development, delayed
hatching and reduced hatching success (Bunn et al., 2000). On this basis eggs and larvae
are considered to be of medium sensitivity to the impact.
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10.7.70. Filter-feeding shellfish are considered to be more sensitive to marine pollution due to the
recognised bioaccumulation which occurs within this group. Shellfish also display limited
mobility and are therefore not anticipated to flee from the impact. These VERSs are therefore
considered to be of medium sensitivity to the impact.

10.7.71. Due to their increased mobility, adult fish (including diadromous and elasmobranch species)
are less likely to be affected by marine pollution and are therefore not considered to be
vulnerable to the release of sediment bound contaminants, and as such the sensitivity of the
VERSs is considered to be low.

SIGNIFICANCE OF EFFECT

10.7.72. The overall significance of the effect on each VER group has been summarised in Table 10-19
along with the corresponding magnitude of impact and sensitivity.

10.7.73. Overall, the magnitude of the impact is deemed to be negligible, and the maximum sensitivity
of receptors is medium. The significance of the effect is therefore considered to be a
maximum of negligible, which is not significant in EIA terms.

Table 10-19 Significance of effect of direct and indirect seabed disturbance leading to release of sediment
contaminants

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Negligible Low Negligible
Demersal spawning - Sandeel Negligible Low Negligible
Pelagic spawning - Cod, plaice, Negligible Low Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting. (Pelagic
swimming)

Shellfish - Freshwater pearl mussel, Negligible Medium Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Negligible Low Negligible
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Negligible Low Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad, brown

trout (Sea trout).

Eggs and larvae Negligible Medium Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.74. No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 4 - DIRECT DAMAGE (E.G., CRUSHING) AND DISTURBANCE

10.7.75. Direct damage and disturbance from the Proposed Development within the study area will be
a likely occurrence from foundation seabed preparation, the use of jack-ups and anchored
vessels, IAC Junction Box Installation, HDD works, and cable seabed preparation and
installation works during the construction phase of the development.
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10.7.76. The maximum area of direct damage and disturbance of subtidal habitat due to construction
activities are described in Table 10-16. This equates to approximately 2% of the total seabed
areas within the boundaries of the Proposed Development. This impact has the potential to
result in direct damage and disturbance to fish and shellfish receptors and their habitats within
this footprint. The impact is predicted to be of local spatial extent (only affects the areas
directly within the construction footprint), or short-term duration, intermittent and reversible. It
is predicted that the impact will affect fish and shellfish receptors directly, through direct
damage (crushing) and disturbance.

10.7.77. In general, fish are able to avoid temporary direct disturbance (EMU, 2004). Shellfish species
are considered to have a more limited ability to avoid direct impacts due to the relative
energetic costs or speed of movement (i.e., scallops) or behaviours (e.g., sessile habits or
burrowing during breeding) that may make them more susceptible to direct impacts due to a
sedentary habit.

10.7.78. Due to the predicted local spatial extent, short-term duration and intermittent and reversible
nature of the impact, the magnitude of the impact is considered to be low.

SENSITIVITY OF RECEPTOR

Harring and Sandeel

10.7.79. On account of the demersal spawning nature of herring and sandeel they are considered to
be vulnerable to the impacts of direct damage and disturbance during the construction phase
of development. Both receptors are considered most vulnerable during spawning when they
are less mobile, with their eggs and larvae also considered to be unable to avoid this impact.
Therefore, in the case of this assessment, herring and sandeel are considered static
receptors. In addition to this, the species are both considered to be reliant on the presence of
suitable spawning substrates. Therefore, both herring and sandeel are considered to be more
vulnerable to direct damage and disturbance compared to other fish receptors as a result of
this reliance on a specific habitat type (which is present for both receptors within the
boundaries of the Proposed Development).

10.7.80. Herring spawning habitats are widely distributed across the northern North Sea. In addition,
the overlap of the Proposed Development with historic herring spawning grounds is small
compared to the overall extent of the Buchan Stock spawning ground across the northern
North Sea (overlap of the Proposed Development of approximately 5% of the Buchan herring
spawning grounds (NMPi, 2015, as categorised by Coull et al., 1998). It should be noted
however, that the Coull et al. (1998) data represent historical spawning grounds, which may
be recolonised in the future, whereas the IHLS data (ICES, 2009-2021) provide an indication
of the areas of seabed in active use for spawning. As evidenced by annual IHLS data (ICES,
2009/2010-2022/2023) the main spawning of Buchan herring stock overlaps with a significant
area of the study area and therefore potentially susceptible to any localised impacts from
direct damage and disturbance.

10.7.81. Sandeel habitats are widely distributed across the northern North Sea. In addition, the overlap
of the Proposed Development with sandeel spawning grounds is small compared to the
overall extent of spawning grounds across the southern North Sea (overlap of the Proposed
Development of approximately 10% of sandeel spawning ground (Ellis, et al., 2012)).

10.7.82. Taking into account the substrate dependency of herring and sandeel, and their ecological
importance as key prey species, herring and sandeel are deemed to be of high vulnerability
to direct damage and disturbance, with medium recoverability (due to the temporary nature of
the impact) and are of national importance in the northern North Sea and are therefore
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considered to be of medium sensitivity to direct damage and disturbance during the
construction phase.

Shellfish

10.7.83. Typically, less mobile species (such as shellfish) are considered likely to have a greater
vulnerability to direct damage and disturbance. Berried female brown crab, for example,
exhibit a largely sedentary lifestyle during the overwintering period; for the purposes of the
assessment brown crab are therefore considered a static receptor, and are considered
unlikely to be able to move away from physical impacts to the seabed. Taking this into
account, brown crab is considered to be of high vulnerability particularly during the
overwintering period, but with high recoverability (Neal and Wilson, 2008) and are considered
to be of regional importance, and therefore the sensitivity of the receptor to direct damage
and disturbance during the construction phase is low.

10.7.84. King and queen scallop are broadly distributed across the northern North Sea and are found
across a range of habitats. They are of commercial value to fisheries within the region. These
species exhibit limited swimming, with this behaviour generally limited to predator avoidance.
Scallop are therefore considered unlikely to be able to actively avoid disturbance. These
scallop species are therefore considered to be of medium vulnerability, high recoverability
(Marshall and Wilson, 2008) and of regional importance, and therefore the sensitivity of the
receptor to direct damage and disturbance from construction activities is low.

10.7.85. European lobster is considered a species of commercial importance within the region. The
species is not known to exhibit a sedentary overwintering habit, being typically mobile and
therefore the species is considered to have a greater ability to move away from disturbances
by comparison to brown crab. European lobster is therefore considered to be of medium
vulnerability, is considered to have a high recoverability and to be of regional importance and
is therefore considered to be of low sensitivity to direct damage and disturbance from
construction activities.

10.7.86. Ocean quahog is adapted to life in a sedimentary environment and quite capable of burrowing.
Ocean quahog is considered to be of high vulnerability, high recoverability and of international
importance and therefore the sensitivity of the receptor to direct damage and disturbance from
construction activities is low.

10.7.87. All other shellfish VERs and their respective spawning grounds are distributed widely
throughout the northern North Sea and are not of high value to fisheries in the region. As a
result of this, all other VERs are considered to be of low sensitivity to impacts from direct
damage and disturbance.

Pelagic spawning, Elasmobranch and Diadromous

10.7.88. Due to the mobile nature of the other relevant fish species (including elasmobranchs and
diadromous species) within the study area these species are considered to be not vulnerable
to direct damage and as such the sensitivity of these species is considered to be negligible.

SIGNIFICANCE OF EFFECT

10.7.89. The overall significance of the effect on each VER group has been summarised in Table 10-20
along with the corresponding magnitude of impact and sensitivity.

10.7.90. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.
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Table 10-20 Significance of effect of direct damage (e.g. crushing) and disturbance

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Medium Minor
Demersal spawning - Sandeel Low Medium Minor
Pelagic spawning - Cod, plaice, Low Negligible Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European
hake, blue whiting, anglerfish,
ling, saithe, haddock and whiting

Shellfish - Freshwater pearl Low Low Negligible
mussel, ocean quahog, brown

crab, scallop, Nephrops,

European lobster

Elasmobranchs - Basking shark, Low Negligible Negligible
porbeagle, spurdog, starry

smooth-hound, tope shark,

spotted ray, common skate,

thornback skate

Diadromous - Atlantic salmon, Low Negligible Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad,

brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.91. No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 5 - MORTALITY, INJURY, BEHAVIOURAL IMPACTS, AND
AUDITORY MASKING ARISING FROM NOISE AND VIBRATION

10.7.92. The introduction of anthropogenic noise into the marine environment can cause mortality,
injury, or behavioural impacts on fish and shellfish, such as displacement, avoidance,
disruption of acoustic communication, reduced reproductive success, altered foraging and
predator evasion, and impaired navigation (Radford et al., 2014; De Jong et al., 2020;
Hawkins & Myrberg, 1983).

10.7.93. The assessment below considers UWN emissions from the piling of anchors for floating
foundations in the Array Area and up to two OEP (fixed) foundations in the centre of the Array
Area (exact locations of OEP(s) not confirmed, however both are currently expected to be
located in a central location within the Array Area), as well as UWN impacts from UXO
clearance.

10.7.94. To inform the assessment of potential impacts associated with UWN as a result of the piled
installation of anchors and OEP(s), predictive UWN modelling has been undertaken for the
relevant piling worst case, full details of which are presented in Volume 3, Appendix 3.1
(Subsea Noise Technical Report).

10.7.95. To inform the assessment of the potential impacts associated with UWN as a result of UXO
clearance, a high-level consideration has been provided of the potential impacts arising from
UXO clearance. Estimations of UWN levels from high order and low order UXO clearances
have been made, and the associated impact ranges used to inform this assessment. The
outputs of this modelling are detailed in full in Volume 3, Appendix 3.1 (Subsea Noise
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Technical Report). It should be noted that whilst UXO clearance will be consented under a
separate Marine Licence and will therefore not be consented as part of the consenting process
for the Proposed Development, it is considered to be reasonably foreseeable as an activity
and therefore has been included in this assessment.

General construction noise, arising from vessel movements, seabed preparation works, cable
installation and cable protection installation will generate low levels noise, and continuous
noise (i.e., from the vessels themselves) throughout the construction phase. The UWN Zol
(as shown in Figure 10-1) is subject to relatively high levels of shipping activity currently, and
it is expected that the vessel activity would be no greater than the baseline during construction
activities (due to construction exclusion zones reducing current shipping activity and the
number of construction vessels expected to be much lower than that which currently transit
the area). The UWN impacts from vessel noise and cable installation works are generally
spatially limited to the immediate area around the vessel rather than having impacts over a
wide area (e.g., Mitson, 1993).

The spatial and temporal worst case design scenarios for UWN impacts from foundation
installation (piling of WTG anchors, or jacket foundations for the OEP(s) are defined according
to a worst-case design scenario, i.e., the maximum design or piling parameters that may be
utilised during the construction of the Proposed Development. In this context, it is important
to note that the maximum hammer energies assumed in the worst case design scenarios are
likely to be highly precautionary and that in fact for many piling events, a lesser hammer
energy will be required to complete the pile installation (they represent the upper limit of the
equipment, rather than the likely energy that will be required to install any given). Further to
this, the more likely piling scenario accounts for less OEP pin piles and WTG anchor piles
being installed in a 24 hour period than the worst case scenario. This represents a more
realistic impact scenario for UWN.

The spatial worst case design scenario equates to the greatest area of impact from UWN
during piling. The following scenarios represent the spatial worst case design scenarios
(based on the largest modelled impact ranges for Temporary Threshold Shift (TTS)):

o For fleeing receptors, the spatial worst case design scenario results from the
concurrent installation of up five piled anchors (installed sequentially) in the northeast
location in Array Area, and up to three OEP foundation piles (installed sequentially) in
the centre of the Array Area, from different vessels in a 24-hour period (maximum of
two vessels piling).

e For stationary receptors, the spatial worst case design scenario results from the
sequential installation of up to six OEP foundation pin piles in the centre of the Array
Area from the same piling vessel within a 24-hour period.

The temporal worst case design scenario represents the longest duration of impacts from
UWN. The following scenarios represent the temporal worst-case design scenario:

e The sequential installation four anchors per day for 67 semi-submersible WTGs (one
pile per anchor, and nine anchors per WTG) and four piles per day for two OEP jacket
foundations (12 piles per platform), resulting in a total piling time of 1,185 hours and 30
minutes, over a period of 157 days.

10.7.100.Table 10-21 below provides the worst-case modelled scenario for each piling scenario for
WTG anchors and OEP foundations.




Table 10-21 Modelled worst case and more likely piling scenarios for WTG and OEP foundation installation
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Sequential Piling Scenarios

Concurrent Piling Scenarios

Foundations

WTGs (floating

WTGs (floating

OEP(s) (fixed

OEP(s) (fixed

WTGs (floating

WTGs (floating

foundations) foundations) foundations) foundations) foundations) foundations) and
Spatial worst-case OEP(s) (fixed
scenario for foundations)
stationary receptors Spatial worst-case
scenario for fleeing
receptors
Engineering Worst case More Likely Worst case More Likely N/A N/A
Scenario

Sequential piling of
up to ten piled

Sequential piling of
up to five piled

The sequential
installation of up to

The sequential
installation of

The concurrent
installation of up

The concurrent
installation of up to

anchors in the anchors in the six OEP foundation up to three to five piled five piled anchors
Array Area Array Area piles in the centre of OEP anchors in the (installed
(northeast or (northeast or the Array Area from foundation Array Area at both  sequentially) in the
southwest corners  southwest corners  the same piling piles in the the northeast and  northeast location*
of the Array Area), of the Array Area), vessel within a 24- centre of the southwest in Array Area, and up
from the same from the same hour period Array Area locations, from to three OEP
piling vessel within  piling vessel within from the same | different vessels foundation piles
a 24-hour period a 24-hour period piling vessel in a 24-hour (installed
within a 24- period (maximum  sequentially) in the
hour period of two vessels centre of the Array
piling). Area, from different
vessels in a 24-hour
period (maximum of
two vessels piling).
Hammer energy 2,400kJ 2,400kJ 3,200kJ 3,200kJ 2,400kJ WTGs (anchors) —
2,400kJ
OEP foundation piles
— 3,200kJ
Pile diameter 4m 4m 5m 5m 4m WTGs (anchors) —
4m
OEP foundation piles
-5m

11 The northeastern location of the Array Area was used in this piling scenario, as piling here generates a larger propagation of noise due to the deeper waters.
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O

Sequential Piling Scenarios

Concurrent Piling Scenarios

Maximum number 10 5 6 3 10 8

of piles in a 24-hour

period

Maximum duration 18 hours, 20 9 hours, 10 20 hours for 6 piles 10 hours for 3 | 9 hours, 10 Maximum of 10

(hours) of piling. minutes for ten minutes for 5 piles  (installed within a 24-  piles (installed | minutes for five hours piling (3 OEP
piles (installed (installed within a hour period). within a 24- anchor piles piles, and 5 piled
within a 24-hour 24-hour period). hour period). installed anchors installed
period). Total of 80 hours, concurrently at 2 concurrently)

Total of 1,105 over 4 days, for 2 Total of 80 locations (installed within a 24-

Total of 1,105 hours, 30 minutes, OEP(s) (24 piles). hours, over g | (installed withina hour period).
hours, 30 minutes, over 120.6 days, days, for 2 24-hour period).
over 60.3 days, for for 67 WTGs (603 OEP(s) (24 Total of 784 hours 15
67 WTGs (603 anchor piles). piles). Total of 1,105 minutes, over 79

anchor piles).

hours, 30 days, for 67 WTGs
minutes, over 61 (603 anchor piles),
days, for 67 and 2 OEP(s) (24 pin
WTGs (603 piles).

anchor piles).
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10.7.101.In relation to UXO, as part of the site preparation activities for the Proposed Development,
UXO clearance may be required. The presence of UXO within the footprint of the Proposed
Development can be managed in a number of ways: avoidance (through micro siting), non-
destructive clearance through moving or removal of the UXO, or destructive clearance (i.e.,
in-situ detonation). As detailed in Table 10-14, the Developer has committed to the avoidance
of UXO hazards where practicable and appropriate (C-31). If avoidance is not possible,
decision making will relate to removal, with detonation considered if avoidance or removal is
not possible. If detonation is required, low-order deflagration will be the preferred method.

10.7.102.If required, destructive UXO clearance through detonation of the UXO can introduce a further
UWN impact -receptor pathway that may result in an impact on noise sensitive receptors. Any
UXO clearance would be completed within the Array Area and offshore ECC, as part of the
pre-construction site preparatory works. Until detailed pre-construction surveys are
undertaken across the Array Area and offshore ECC, the exact number of potential UXO
which will need to be cleared is unknown. However, to inform the assessment, modelling of
UWN levels and impact ranges from high order and low order UXO clearances have been
made. Due to the potential range of charge weights (or quantity of contained explosives) that
could be present within the Array Area and offshore ECC, a variety of explosive sizes have
been considered, and the assumption made that the maximum explosive charge in each
device is present and either detonates with the clearance (high-order) or alternatively with a
clearance method such as deflagration (low-order). The outputs of this modelling are provided
in full in Volume 3, Appendix 3.1 (Subsea Noise Technical Report), and are drawn upon in
the assessment below.

10.7.103.1t should be noted that the Developer will be seeking consent for UXO clearance within a
separate Marine License application post-consent.

RECEPTOR SENSITIVITY AND INJURY CRITERIA FOR ASSESSMENT

10.7.104.The following sections consider the potential sensitive receptors to UWN, and provide
information regarding the agreed metrics and thresholds for assessment, followed by the
assessment of the following impact-receptor pathways:

e UWN associated with foundation installation within the Array Area;

— Sequential installation of WTG anchor piles (worst case and more likely);
Sequential installation of OEP foundation piles (worst case and more likely);
Concurrent installation of WTG anchor piles ; and

Concurrent installation of WTG anchor piles and OEP piles.

e UWN associated with UXO clearance (high order and low order (deflagration)).

10.7.105.UWN can potentially have a negative impact on fish and shellfish species ranging from
behavioural impacts to physical injury/mortality. In general, biological damage as a result of
sound energy is either related to a large pressure change (barotrauma) or to the total quantity
of sound energy received by a receptor. Barotrauma injury can result from exposure to a high
intensity sound even if the sound is of short duration (i.e., UXO clearance or a single strike of
a piling hammer). However, when considering injury due to the energy of an exposure, the
total exposure over time becomes important. Fish and shellfish are also considered to be
sensitive to the particle motion element of UWN; an impact considered more important than
sound pressure for many species, particularly invertebrates. However, research into this
impact on fish and shellfish populations is scarce, representing a source of uncertainty in the
assessment process. Despite the lack of thresholds for particle motion, the criteria detailed
within Popper et al., (2014) remain the best available evidence to inform the assessment of
UWN impacts to fish and shellfish (Popper and Hawkins, 2021).
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10.7.106.For the purposes of the assessment, Volume 3, Appendix 3.1 (Subsea Noise Technical
Report) presents the results of modelling for a range of noise levels, representing the worst-
case and more likely design scenarios for the installation of WTG anchors and OEP
foundations (both sequentially and concurrently). The modelling results for cumulative sound
exposure level (SELcum) provide outputs for both fleeing receptors (with the receptors fleeing
from the source at a consistent rate of 1.5 ms-1), and static receptors to account for spawning
activity for more static demersal spawners such as sandeel and herring, and for non-mobile
receptors such as eggs and larvae.

INJURY CRITERIA

10.7.107.The fish VERs within the UWN Zol (see Figure 10-1) have been grouped into the Popper et
al., (2014) categories based on their hearing system, as outlined in Table 10-22 below. It is
important to note that there are differences in impact thresholds for the different hearing
groups (see Table 10-23).

10.7.108.In the case of shellfish, there are no specific impact criteria; therefore, an assessment has
been based on a review of peer-reviewed literature on the current understanding of the
potential impacts of UWN on shellfish species, with a focus on the potential implications of
particle motion associated with UWN.

Table 10-22 Hearing categories of fish receptors (Popper et al., 2014). (*denotes uncertainty or lack of current
knowledge with regards to the potential role of the swim bladder in hearing)

Group Description VERSs

Group 1 Flatfish, sharks, skates, and rays lack swim Sandeel, lemon sole, plaice,
bladders that are sensitive to particle motion anglerfish, mackerel,
and therefore only show sensitivity to a narrow  elasmobranchs (basking shark,
band of frequencies. porbeagle, spurdog, tope, spotted

ray, common skate, thornback
ray, starry smooth-hound), river
lamprey and sea lamprey.

Group 2 Fishes with swim bladders that do not appear Atlantic salmon, brown trout.
to play a role in hearing. Therefore, they are
only sensitive to particle motion and only show
sensitivity to a narrow band of frequencies.

Group 3 Fishes with swim bladders which are involved Herring, sprat, cod, whiting, blue
in hearing. These species are sensitive to both  whiting, twaite shad, allis shad,
particle motion and sound pressure, extending  ling*, European eel*, European

up to around 500 Hertz (Hz). hake, saithe*, Norway pout* and
haddock*.
Shellfish No threshold criteria are available for shellfish.  Freshwater pearl mussel, ocean

quahog, brown crab, scallop,
Nephrops, European lobster.

(* denotes uncertainty or lack of current knowledge with regards to the potential role of the swim bladder in hearing)
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Impact threshold noise level (dB re. 1uPa SPL/dB re. 1 uPa’s SEL)

Table 10-23 Impact threshold criteria from Popper et al. (2014)

Group Mortality and potential injury Recoverable injury TTS

Group 1 219 dB SELcum 216 dB SELcum >>186 dB SELcum
213 dB SPLpeak 213 dB SPLpeak

Group 2 210 dB SELcum 203 dB SELcum >186 dB SELcum
207dB SPLpeak 207 dB SPLpeak

Group 3 207 dB SELcum 203 dB SELcum 186 dB SELcum
207 dB SPLpeak 207 dB SPLpeak

Eggs and 210 dB SELcum N/A N/A

larvae 207 dB SPLpeak

10.7.109. The noise modelling for injury ranges for fleeing and static fish is presented in Volume 3,
Appendix 3.1 (Subsea Noise Technical Report) and referred to as appropriate in the following
assessments. Table 10-24 and Table 10-25 below summarise the results for each of the
relevant criteria against each of the piling scenarios under consideration.
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Table 10-24 Worst case and more likely noise modelling results for injury ranges for fleeing and static receptors from the sequential piling of WTG anchor piles and OEP
foundation piles at a single location

Criteria Noise Level (dB re 1uPa Impact ranges for the Impact ranges for the sequential piling of WTG anchor
SEL/dB re 1pPa2 SEL) sequential piling of OEP piles (worst case/more likely) (m)
piles (worst case/more

likely) (m)

Modelling location Array Area —centre Array Area — northeast Array Area — southwest
location location location

Mortality and Potentially Mortal Injury
SPLpeak 213 dB 120 m 100 m 100 m
SPLpeak 207 dB 310 m 280 m 270 m
SELcum (Fleeing) 219 dB <100 m /<100 m <100 m /<100 m <100 m /<100 m
SELcum (Static) 219dB 2,300 m /1,500 m 1,600 m/ 1,000 m 1,600 m /1,000 m
SELcum (Fleeing) 210 dB <100 m /<100 m <100 m /<100 m <100 m /<100 m
SELcum (Static) 210 dB 8,600 m /5,600 m 6,500 m /4,100 m 6,200 m / 4,000 m
SELcum (Fleeing) 207 dB <100 m /<100 m <100 m /<100 m <100 m /<100 m
SELcum (Static) 207 dB 13,000 m / 8,600 m 10,000 m/ 6,500 m 9,400 m/ 6,200 m
Recoverable Injury
SPLpeak 213 dB 120 m 100 m 100 m
SPLpeak 207 dB 310 m 280 m 270 m
SELcum (Fleeing) 216 dB <100 m /<100 m <100 m /<100 m <100 m /<100 m
SELcum (Static) 216 dB 3,600 m /2,300 m 2,600 m /1,600 m 2,500 m /1,600 m
SELcum (Fleeing) 203 dB 1,100 m /1,000 m 100 m /100 m <100 m /<100 m
SELcum (Static) 203 dB 22,000 m / 15,000 m 17,000 m /12,000 m 16,000 m /11,000 m
TTS
SELcum (Fleeing) 186 dB 69,000 m / 63,000 m 59,000 m / 54,000 m 53,000 m/ 49,000 m
SELcum (Static) 186 dB 110,000 m / 86,000 m 97,000 m / 75,000 m 89,000 m /71,000 m

*Fleeing receptors are assumed to flee at a rate of 1.5 m/s in the INSPIRE v5.2 UWN modelling used to inform this table
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Table 10-25 More likely noise modelling results for injury areas or fleeing and static receptors from the concurrent piling of anchors in the Array Area

Criteria Noise Level (dB re 1 pPa SEL/dB re 1 uPa? SEL) In-combination areas for the concurrent piling of

anchors in NE and SW Array Area locations (more
likely) (km?)

Mortality and Potentially Mortal Injury

SELcum (Fleeing) 219 dB N/A

SELcum (Static) 219dB 7 km?2

SELcum (Fleeing) 210 dB N/A

SELcum (Static) 210dB 120 km?

SELcum (Fleeing) 207 dB N/A

SELcum (Static) 207 dB 370 km?

Recoverable Injury

SELcum (Fleeing) 216 dB N/A

SELcum (Static) 216 dB 18 km?

SELcum (Fleeing) 203 dB 100 km?

SELcum (Static) 203 dB 980 km?

TTS

SELcum (Fleeing) 186 dB 11,000 km?

SELcum (Static) 186 dB 20,000 km?

*Fleeing receptors are assumed to flee at a rate of 1.5 m/s in the INSPIRE v5.2 UWN modelling
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Table 10-26 More likely noise modelling results for injury areas for fleeing and static receptors from the concurrent piling of anchors and OEP foundation piles in the Array Area

Criteria Noise Level (dB re 1 yPa SEL/dB re 1 yPa? SEL) Concurrent piling of anchors in NE and SW Array Area
impact ranges (most likely)

Mortality and Potentially Mortal Injury

SELcum (Fleeing) 219 dB N/A
SELcum (Static) 219 dB 10 km?2
SELcum (Fleeing) 210dB N/A
SELcum (Static) 210dB 210 km?
SELcum (Fleeing) 207 dB 15 km?2
SELcum (Static) 207 dB 450 km?
Recoverable Injury

SELcum (Fleeing) 216 dB N/A
SELcum (Static) 216 dB 29 km?
SELcum (Fleeing) 203 dB 75 km?
SELcum (Static) 203 dB 1,200 km?
TTS

SELcum (Fleeing) 186 dB 13,000 km?
SELcum (Static) 186 dB 24,000 km?

*Fleeing receptors are assumed to flee at a rate of 1.5 m/s in the INSPIRE v5.2 UWN modelling
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10.7.110.The following paragraphs provide the assessment of potential impacts on each VER within
their associated hearing group for worst case and more likely spatial and temporal piling
scenarios (as detailed in Table 10-21) for UWN associated with WTG anchor installation and
OEP foundation piling. Initial consideration is given to the sensitivity of each VER within the
hearing group to UWN, before characterising the scale and magnitude of impact before
providing the overall conclusion.

MORTALITY AND POTENTIAL MORTAL INJURY OF GROUP 1 VERS

10.7.111. Potential for mortality or mortal injury is likely to only occur in proximity to piling operations in
the Array Area, although the risk of this occurring will be reduced by use of soft-start
techniques at the start of the piling sequence. This means that fish in close proximity to piling
operations will move outside of the impact range, before noise levels reach a level likely to
cause irreversible injury.

MAGNITUDE OF IMPACT

10.7.112.When considering the potential for the mortality and potential mortal injury of static Group 1
receptors (e.g., sandeel), the greatest impact ranges result from the sequential piling of the
OEP of up to six jacket piles in a 24-hour period (hammer energy 3,200 kJ, 5 m pile diameter).
An impact range for mortality and potential mortal injury of up to 2,300 m is predicted from
this piling scenario (Figure 10-34). This piling scenario is the worst-case spatial impact for
stationary Group 1 receptors. The more likely impact range, from the sequential piling of up
to three OEP foundation piles in a 24-hour period (hammer energy 3,200 kJ, 5 m pile diameter)
for stationary Group 1 receptors is up to 1,500 m (Figure 10-35).

10.7.113.In terms of anchor piling, an impact range of up to 1,600 m is predicted for stationary receptors
from sequential piling in both the NE and SW of the Array Area (ten piles per 24-hour period
with a hammer energy of 2400 kJ and 4 m pile diameter) (Figure 10-32).The more likely impact
range, from the sequential piling of up to five anchor piles in a 24 hour period (hammer energy
2400 kJ and 4 m pile diameter), for stationary Group 1 receptors, is up to 1,000 m (Figure
10-33).

10.7.114.When considering fleeing Group 1 receptors, the potential for mortality and potential injury
occurs within the immediate vicinity of the works (<100m) from the sequential piling of anchors
to the NE and SW of the Array Area and the OEP foundations. The impact ranges are the
same when considering the worst case and more likely piling scenarios.

10.7.115.1n the event that foundations are installed concurrently, a larger geographical extent of impact
from the UWN is anticipated. The concurrent piling of anchor piles for WTGs at both the NE
and SW piling locations in the Array Area results in a maximum impact area of 7 km?2 for
stationary Group 1 receptors (Figure 10-36). The concurrent piling of anchor piles for WTGs
at the NE corner of the Array Area and piling of OEP foundation pin piles results in a maximum
impact area of 10 km? on stationary Group 1 receptors (Figure 10-37). There is no in-
combination impact from either concurrent piling scenario on fleeing Group 1 receptors from
concurrent piling. This is where the ranges are small enough that the distant piling sites do
not produce an influencing additional exposure of UWN on a receptor.

10.7.116. With regards to the temporal worst-case scenario, the maximum duration of piling results from
the sequential installation up to four anchors per day for 67 semi-submersible WTGs (one pile
per anchor, and nine anchors per WTG) and four piles per day for two OEP jacket foundations
(12 piles per platform), resulting in a total piling time of 1,185 hours and 30 minutes, over a
period of 157 days. As detailed in Table 10-16, the installation of anchor piles is proposed to
be undertaken from April to September in 2029, 2030 and 2031. OEP foundation piling is
proposed to be undertaken from May to August in 2030.
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10.7.117.Considering the limited spatial extent of the UWN impact ranges for Group 1 receptors, both
fleeing and stationary, and the intermittent temporal nature of the piling activities, the
magnitude of impact is deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.118.Group 1 VERs (mortality onset at >213 dB SPLpeak Or >219 dB SELcum) lack a swim bladder
and are therefore considered less sensitive to UWN than other species.

10.7.119. Sandeel high intensity spawning grounds and low intensity nursery grounds are located within
the UWN Zol and suitable spawning habitats are widely distributed across the northern North
Sea. Therefore, noise impacts are anticipated to be small in the context of the wider
environment. Sandeel are considered static receptors, due to their burrowing nature,
substrate dependence, and demersal spawning behaviours, and thus may have limited
capacity to flee the area compared to other Group 1 receptors. While sandeel may be affected
by vibration through the seabed, particularly when buried during hibernation, any small-scale
mortality in the affected area is expected to be mitigated at the population level through
immigration from outside the impacted zone. Furthermore, the proposed piling operations are
not anticipated to interact with the spawning season of sandeel, which occurs from November
to February. Sandeel are static receptors which exhibit substrate dependency; however, they
are deemed to be of low vulnerability to UWN, medium recoverability and are of regional
importance. The sensitivity of the receptor to UWN impacts is therefore considered to be low.
Even given the location of the Array Area in relation to Turbot Bank, which is designated for
sandeel, the sensitivity of sandeel is also considered to be low with regard to mortality and
potential mortal injury as the proposed piling operations are not anticipated to interact with the
spawning season of sandeel, which occurs from November to February.

10.7.120.Lemon sole and plaice are Group 1 receptors which have potential spawning grounds within
the UWN Zol and across the northern North Sea (NMPi, 2015, as categorised by Coull et al.,
1998) (Figure 10-3 and Figure 10-4). These VERs are pelagic spawners and are therefore
not limited to specific sedimentary areas for spawning, and consequently are considered likely
to move away from injurious impacts. Based on their mobile nature, these VERS are expected
to recover quickly, recolonising areas shortly after impact. Furthermore, the proposed piling
operations are not anticipated to interact with the spawning seasons of lemon sole or plaice,
which occur from November to January, and December to March respectively. These Group
1 receptors are widely distributed across the northern North Sea and therefore in the context
of the wider environment, the spatial impacts from UWN are considered to be of local scale
(based on the modelling results). In terms of the temporal worst case, there is no interaction
of the piling operations with the spawning seasons of these species. The sensitivity of these
receptors to UWN impacts is therefore considered to be low.

10.7.121. All other Group 1 receptors are of mobile nature and unconstrained and are therefore able to
flee from noise disturbance. Based on their low vulnerability to noise impacts, and their mobile
nature, these receptors are expected to recover quickly, recolonising areas shortly after
impact. Taking this into account, the receptors are deemed to be of low vulnerability, high
recoverability and are of regional to international importance. The sensitivity of these
receptors to UWN impacts is therefore considered to be low.

SIGNIFICANCE OF EFFECT

10.7.122. The overall significance of the effect on each VER group has been summarised in Table 10-27
along with the corresponding magnitude of impact and sensitivity.
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10.7.123.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be a maximum of
negligible, which is not significant in EIA terms.

Table 10-27 Significance of effect of mortality, and potential mortal injury from UWN on Group 1 Receptors

Receptor Magnitude of Impact Sensitivity Significance
of Effect

Sandeel (static) Low Low Negligible

Group 1 (Fleeing) Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.124.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

MORTALITY AND POTENTIAL MORTAL INJURY OF GROUP 2 VERS

MAGNITUDE OF IMPACT

10.7.125.Both Atlantic salmon and brown trout (sea trout) are considered fleeing receptors within this
assessment; as they are both migratory species, they are therefore likely to be transient
receptors within the UWN Zol. There are no demersal spawning Group 2 VERS, therefore,
the magnitude of impact on static Group 2 receptors is not considered.

10.7.126.When considering the spatial worst case scenario of mortality and potential mortal injury of
fleeing Group 2 receptors from anchor piling for the WTGs (Figure 10-38), and foundation
piling for the OEP(s) (Figure 10-40), the maximum predicted range of impact for mortality and
potential mortal injury of fleeing Group 2 receptors occurs within the immediate vicinity of the
works (<100m) from the sequential piling of WTG anchors, and for the piling of OEP
foundation piles. The impact ranges are the same when considering the worst case and more
likely piling scenarios. There is no in-combination impact from concurrent piling in the Array
Area on fleeing Group 2 receptors. This is where the ranges are small enough that the distant
piling sites do not produce an influencing additional exposure of UWN on a receptor.

10.7.127. The temporal worst case piling scenario is detailed in paragraph 10.7.116.

10.7.128.Considering the limited spatial extent of the UWN impact ranges (<100m) for Group 2
receptors, and the intermittent temporal nature of the piling activities, the magnitude of impact
is deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.129.Group 2 receptors (mortality onset at >207 dB SPLpeak Or >210 dB SELcum) have a swim
bladder and are therefore considered more sensitive to UWN than Group 1 species (i.e., the
species have an internal air sac which can be affected by sound pressure), however, the swim
bladder is not involved in hearing (e.g., not linked to the inner ear) and as such they are less
sensitive than Group 3 receptors. Group 2 species identified as of relevance to the Proposed
Development are Atlantic salmon and brown trout. As Group 2 receptors, they are considered
to be primarily sensitive to particle motion and are likely to mainly sense UWN through
movement of the water particles, though are also more sensitive to barotrauma due to the
presence of internal air sacs.
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10.7.130. Atlantic salmon and brown trout are both diadromous species; in late spring to early summer,
adult Atlantic salmon return to rivers to spawn, whilst juvenile salmon migrate out to sea to
feed. Most brown trout will migrate into rivers in June and then migrate back out to sea in
October (Heard, 2007). These receptors are therefore likely to be transient receptors within
the UWN Zol. Given the proposed piling months for WTG anchor piles, and OEP foundation
piles, there is a potential temporal overlap of piling operations with the migrations of Atlantic
salmon and brown trout.

10.7.131. Atlantic salmon and brown trout are transient across the site during migrations and are
therefore considered to be mobile receptors, and able to flee from noise impacts. Based on
their low vulnerability to noise impacts, and their mobile nature, these receptors are expected
to recover quickly. These receptors are therefore considered to be of low vulnerability, high
recoverability, and national (brown trout) to international (Atlantic salmon are afforded
protection under the OSPAR threatened or declining species list) importance. The sensitivity
of these receptors to UWN impacts is therefore considered to be low.

SIGNIFICANCE OF EFFECT

10.7.132.The overall significance of the effect on each VER group has been summarised in Table 10-28
along with the corresponding magnitude of impact and sensitivity.

10.7.133.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be negligible, which
is not significant in EIA terms.

Table 10-28 Significance of effect of mortality, and potential mortal injury from UWN on Group 2 Receptors

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect

Group 2 (Fleeing) Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.134.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the commitments outlined in Section 10.6)
is not significant in EIA terms.

MORTALITY AND POTENTIAL MORTAL INJURY OF GROUP 3 VERS

MAGNITUDE OF IMPACT

10.7.135.When considering the potential for mortality and potential mortal injury of static Group 3
receptors (e.g. spawning herring) from piling within the Array Area, the maximum predicted
range of impact for mortality and potential mortal injury of static Group 3 receptors occurs
from the sequential installation of pin piles for OEP foundations. A maximum impact range of
up to 13,000 m is predicted from this piling scenario (Figure 10-22) (sequential piling of six
piles in a 24-hour period). Mortality and potential mortal injury of static Group 3 receptors is
predicted to occur up to 3.5 km from piling at the OEP (sequential piling of six piles in a 24-
hour period). This piling scenario is the worst-case spatial impact for stationary Group 3
receptors. The more likely impact range, from the sequential piling of up to three OEP
foundation piles in a 24-hour period (hammer energy 3,200 kJ, 5 m pile diameter) for
stationary Group 3 receptors is up to 8,600 m (Figure 10-23).

10.7.136.1In terms of anchor piling, impact ranges of up to 10,000 m and 9,400 m are predicted from
sequential piling in both the NE and SW of the Array Area respectively (ten piles per 24-hour
period with a hammer energy of 2400 kJ and 4 m pile diameter).The more likely impact ranges,
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from the sequential piling of up to five anchor piles in a 24 hour period (hammer energy 2400
kJ and 4 m pile diameter), for stationary Group 3 receptors, occur up to 6,500 m 6,200 m from
the NE and SW corners of the Array Area respectively (Figure 10-20).

10.7.137.When considering fleeing Group 3 receptors, the potential for mortality and potential injury
occurs within the immediate vicinity of the works (<100m) from the sequential piling of anchors
to the NE and SW of the Array Area and the OEP foundations. The impact ranges are the
same when considering the worst case and more likely piling scenarios.

10.7.138.In the event that foundations are installed concurrently, a larger geographical extent of impact
from the UWN is anticipated. The concurrent piling of anchor piles for WTGs at both the NE
and SW piling locations in the Array Area, results in a maximum impact area of 370 km? on
stationary Group 3 receptors. (Figure 10-24). The concurrent piling of anchor piles for WTGs
at the NE corner of the Array Area and piling of OEP foundation pin piles results in a maximum
impact area of 450km? on stationary Group 3 receptors. There is no in-combination impact
from concurrent piling on fleeing Group 3 receptors from the concurrent piling of WTG anchor
piles at the NE and SW corners of the Array Area. This is where the ranges are small enough
that the distant piling sites do not produce an influencing additional exposure of UWN on a
receptor. The concurrent piling of anchor piles for WTGs at the NE corner of the Array Area
and piling of OEP foundation pin piles results in a maximum impact area of 15 km? on fleeing
Group 3 receptors.

10.7.139. The temporal worst case piling scenario is detailed in paragraph 10.7.116.

10.7.140.The noise contours for piling of the anchors and OEP foundation pin piles in relation to the
presence of historic herring spawning grounds and larvae abundances (Coull et al., 1998 and
IHLS data (2011/2012 — 2023/2024)) in Figure 10-25 indicate the potential for mortality and
potential mortal injury of spawning herring. A partial overlap of the mortality and potential
mortal injury noise contours with the Buchan herring spawning grounds (Coull et al., 1998)
can be observed. Although, as shown by annual IHLS data (ICES, 2011/2012 — 2023/2024),
the total larval density from the combined 10-year dataset within the potential mortal injury
noise contour ranges from 0 to 9,500 herring larvae per m2. In comparison, the peak larval
density in the main spawning area (predominantly in the western extent of the UWN Zol)
ranges from 14,500 to 59,000 larvae per m2. Therefore, as evidenced by the IHLS data, the
larval density and therefore spawning herring stock that would be impacted is minimal when
compared to areas of peak herring spawning (in the western extent of the UWN Zol).

10.7.141. Considering the limited spatial extent of the UWN impact ranges for Group 3 receptors, both
fleeing and stationary, and the intermittent temporal nature of the piling activities, the
magnitude of impact is deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.142.Group 3 receptors (mortality onset at >207dB SPLpeak or >207dB SELcum) have a swim bladder
which is linked to the inner ear and so is directly involved in hearing. These species are
considered to be the most sensitive to UWN, with direct detection of sound pressure, rather
than just particle motion.

10.7.143.Herring possess a swim bladder that is involved in hearing, and therefore are known to be
sensitive to UWN. The study area overlaps an area indicated by NMPi, 2015, categorised by
Coull et al, (1998) as being part of the wider Buchan herring spawning grounds (August-
September). However, the Coull et al. (1998) data represent historical spawning grounds,
which may be recolonised in the future, whereas the IHLS data (ICES, 2009-2021) provide an
indication of the areas of seabed in active use for spawning.
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10.7.144.The IHLS data indicates that in fact the main spawning (based on distribution and density of
larvae) is located to the (to the west of the UWN Zol), and that the spawning intensity of the
Buchan spawning grounds that overlap with the Array Area is much less intense (as indicated
by the 2011/2012 to 2023/2024 IHLS data presented in Figure 10-12). In addition, as shown
by PSA across the site (Volume 3, Appendix 10.1 (Fish and Shellfish Technical Report)),
suitable herring spawning substrates are located across the UWN Zol, and across the wider
region. Herring are demersal spawners and are therefore considered static receptors in the
assessment during the spawning season, increasing their theoretical exposure to UWN from
the construction phase of the development.

10.7.145. Taking the above into account, herring are considered to be of high vulnerability, with high
recoverability and are of national importance, therefore the sensitivity of spawning herring
(static receptors) to noise impacts is considered to be medium.

10.7.146.Cod, sprat and whiting all have spawning grounds within the UWN Zol and across the northern
North Sea (NMPi, 2015, as categorised by Coull et al., 1998). These VERs are pelagic
spawners and are therefore not limited to specific sedimentary areas for spawning, and
consequently are considered likely to move away from injurious impacts. Based on their
mobile nature, these VERs are expected to recover quickly, return to normal behaviours,
recolonising areas shortly after disturbance. Therefore, the sensitivity of these fleeing VERSs
to noise impacts is considered to be low.

10.7.147.All other Group 3 receptors (blue whiting, twaite shad, allis shad, ling, European eel, European
hake, saithe, Norway pout and haddock) are key components of the fish assemblages within
the study area, have nursery grounds overlapping the UWN Zol, or are of commercial or
conservation importance. Based on their mobile nature, these receptors are expected to
recover quickly, returning to normal behaviours, recolonising areas shortly after disturbance,
therefore, the sensitivity of these fleeing VERs to UWN is considered to be low.

SIGNIFICANCE OF EFFECT

10.7.148.The overall significance of the effect on each VER group has been summarised in Table 10-29
along with the corresponding magnitude of impact and sensitivity.

10.7.149.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-29 Significance of effect of mortality, and potential mortal injury from UWN on Group 3 Receptors

Receptor/Location Magnitude of Impact Sensitivity Significance of Effect
Group 3 (Fleeing) Low Low Negligible
Herring (Static) Low Medium Minor

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.150. No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.
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MORTALITY AND POTENTIAL MORTAL INJURY OF EGGS AND
LARVAE

MAGNITUDE OF IMPACT

10.7.151. Thresholds of impacts for eggs and larvae have been defined separately within the Popper et
al, (2014) guidance, with damage expected to occur at 210 dB SELcum or >207 dB SPLpeak.
With regards to the potential for the mortality or potential mortal injury of eggs and larvae from
piling in the Array Area, the maximum predicted range of impact for mortality and potential
mortal injury of eggs and larvae occurs from the sequential installation of piled OEP
foundations. A maximum impact range of up to 8,600 m is predicted from piling of OEP
foundation piles in the Array Area (sequential piling of six piles in a 24-hour period). This is
the worst-case piling scenario for eggs and larvae. The more likely impact range from the
sequential piling of up to three OEP foundation piles in a 24-hour period (hammer energy
3,200 kJ, 5 m pile diameter) for eggs and larvae is up to 5,600 m.

10.7.152.1n terms of anchor piling, impacts range of up to 6,200 m and 6,500 m are predicted from
sequential piling at the southwest and northeast corners of the Array Area respectively (ten
piles per 24-hour period with a hammer energy of 2400 kJ and 4 m pile diameter). The more
likely impact ranges, from the sequential piling of up to five anchor piles in a 24-hour period
(hammer energy 2400 kJ and 4 m pile diameter), for eggs and larvae are 4,000 m and 4,100
m for piling at the southwest and northeast corners of the Array Area respectively.

10.7.153.In the event that foundations are installed concurrently, a larger geographical extent of impact
from the UWN is anticipated. The concurrent piling of anchor piles for WTGs at both the
northeast and southwest piling locations in the Array Area results in a maximum impact area
of 120 km? on eggs and larvae. The concurrent piling of anchor piles for WTGs at the NE
corner of the Array Area and piling of OEP foundation pin piles results in a maximum impact
area of 210km? on eggs and larvae.

10.7.154. The temporal worst case piling scenario is detailed in paragraph 10.7.116.

10.7.155. Considering the limited spatial extent of the UWN impact ranges for eggs and larvae, and the
intermittent temporal nature of the piling activities, the magnitude of impact is deemed to be
low.

SENSITIVITY OF RECEPTOR

10.7.156.Cod, herring, lemon sole, plaice, sandeel, sprat, Norway pout and whiting all have spawning
grounds within the vicinity of the Proposed Development (Figure 10-3 to Figure 10-5). Eggs
and larvae are considered organisms of concern by Popper et al, (2014), due to their
vulnerability, reduced mobility and small size.

10.7.157.Further, as detailed in paragraph 10.7.116, the installation of anchor piles is proposed to be
undertaken from April to September in 2029, 2030 and 2031. OEP foundation piling is
proposed to be undertaken from May to August in 2030. The proposed piling operations will
therefore only interact with the spawning seasons of cod, herring, lemon sole, sprat, Norway
pout and whiting, with no temporal interaction with the spawning seasons of plaice or sandeel.

10.7.158. Taking the above into consideration and given the broadscale nature of the spawning
grounds, the sensitivity of eggs and larvae to mortality and potential mortal injury from UWN
is considered to be medium for cod, herring, lemon sole, sprat, Norway pout and whiting, and
negligible for plaice and sandeel.
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SIGNIFICANCE OF EFFECT

10.7.159. The overall significance of the effect on each VER group has been summarised in Table 10-30
along with the corresponding magnitude of impact and sensitivity.

10.7.160.0Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
eggs and larvae is medium. The significance of the effect is therefore considered to be a
maximum of minor, which is not significant in EIA terms.

Table 10-30 Significance of effect of mortality, and potential mortal injury from UWN on eggs and larvae

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Eggs and larvae (cod, Low Medium Minor

herring, lemon sole, sprat,
Norway pout and whiting)

Eggs and larvae (sandeel Low Negligible Negligible
and plaice)

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.161.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

MORTALITY AND POTENTIAL MORTAL INJURY OF SHELLFISH

10.7.162.0n the basis that shellfish do not possess swim bladders or other gas filled organs, it is
considered that shellfish are primarily sensitive to particle motion rather than sound pressure
(e.g., Popper and Hawkins, 2018). As there are currently no criteria for assessing particle
motion, it is not possible to undertake a threshold-based assessment of the potential for injury
to shellfish in the same way as can be done for fish. As such, a qualitative assessment of the
potential for mortality or mortal injury has been made based on peer-reviewed literature.

MAGNITUDE OF IMPACT

10.7.163.Pile driving is recognised as a source of particle motion, generating high levels of particle
motion in the nearfield (Hazelwood and Macey, 2016). impacts from particle motion are also
likely to occur locally to the source, with studies having demonstrated the rapid attenuation of
particle motion with distance (Mueller-Blenkle et al, 2010). Considering the localised nature
of the impact, the magnitude of impact is therefore deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.164. Studies on lobsters have shown no mortality impacts on the species (>220 dB) (Payne et al.,
2007). Similarly, studies of molluscs (e.g., blue mussel Mytilus edulis and periwinkles Littorina
spp.) exposed to a single airgun at a distance of 0.5 m have shown no impacts after exposure
(Kosheleva, 1992). Taking this into consideration, shellfish VERs within the UWN Zol are
deemed to be of local to international importance (ocean quahog are of international
importance due to being an OSPAR threatened and/or declining species), low vulnerability,
and high recoverability, therefore the sensitivity of these receptors is considered to be low.

SIGNIFICANCE OF EFFECT

10.7.165. The overall significance of the effect on each VER group has been summarised in Table 10-31
along with the corresponding magnitude of impact and sensitivity.
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10.7.166.0Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be a maximum of
negligibility, which is not significant in EIA terms.

Table 10-31 Significance of effect of mortality, and potential mortal injury from UWN on shellfish

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect

Shellfish Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.167.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

RECOVERABLE INJURY OF GROUP 1 VERS

10.7.168.Recoverable injury is a survivable injury with full recovery occurring after exposure, although
decreased fitness during this recovery period may result in increased susceptibility to
predation or disease (Popper et al., 2014).

MAGNITUDE OF IMPACT

10.7.169.Regarding the potential for recoverable injury of static Group 1 receptors (i.e. sandeel), the
maximum predicted range of impact for recoverable injury occurs from the sequential
installation of OEP pin piles (hammer energy, 3200 kJ, 5 m pile diameter). An impact range
for recoverable injury of up to 3,600 m is predicted (sequential piling of six pin piles in a 24-
hour period). This piling scenario is the worst-case spatial impact for stationary Group 1
receptors. The more likely impact range, from the sequential piling of up to three OEP
foundation piles in a 24-hour period (hammer energy 3,200 kJ, 5 m pile diameter) for
stationary Group 1 receptors is up to 2,300 m (Figure 10-34).

10.7.170.In terms of the piling of anchors for the WTGs, impact ranges of up to 2,300 m are predicted
from sequential piling operations in the Array Area (ten piles per 24-hour period, with a
hammer energy of 2,400 kJ and 4m pile diameter). The more likely impact ranges, from the
sequential piling of up to five anchor piles in a 24-hour period (hammer energy 2,400 kJ and
4m pile diameter) for stationary Group 1 receptors, is up to 1,600 m (Figure 10-32).

10.7.171.When considering fleeing Group 1 receptors, the potential for the recoverable injury occurs
within the immediate vicinity of the works (<100m) from the sequential piling of anchors to the
NE and SW of the Array Area and the OEP foundations. The impact ranges are the same
when considering the worst case and more likely piling scenarios.

10.7.172.1n the event that foundations are installed concurrently, a larger geographical extent of impact
from the UWN is anticipated. The concurrent piling of anchor piles for WTGs at both the NE
and SW piling locations in the Array Area results in a maximum impact area of 18 km? on
stationary Group 1 receptors. (Figure 10-36). The concurrent piling of anchor piles for WTGs
at the NE corner of the Array Area and piling of OEP foundation pin piles results in a maximum
impact area of 29 km? on stationary Group 1 receptors. There is no in-combination impact
from either concurrent piling scenario on fleeing Group 1 receptors from concurrent piling.
This is where the ranges are small enough that the distant piling sites do not produce an
influencing additional exposure of UWN on a receptor.

10.7.173. The temporal worst case piling scenario is detailed in paragraph 10.7.116.
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10.7.174.Considering the limited spatial extent of the UWN impact ranges for Group 1 receptors, both
fleeing and stationary, and the intermittent temporal nature of the piling activities, the
magnitude of impact is deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.175.As noted previously, all Group 1 receptors (recoverable injury onset at >216dB SELcum or
>213dB SPLpeak) have low sensitivity to UWN impacts from piling activities. Even given the
location of the Array Area in relation to Turbot Bank NC MPA, which is designated for sandeel,
the sensitivity of sandeel is also considered to be low with regard to recoverable injury, as the
proposed piling operations are not anticipated to interact with the spawning season of
sandeel, which occurs from November to February.

SIGNIFICANCE OF EFFECT

10.7.176.The overall significance of the effect on each VER group has been summarised in Table 10-32
along with the corresponding magnitude of impact and sensitivity.

10.7.177.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be a maximum of
negligible, which is not significant in EIA terms.

Table 10-32 Significance of effect of recoverable injury from UWN on Group 1 Receptors

Receptor Magnitude of Sensitivity Significance of Effect
Impact

Sandeel Low Low Negligible

Group 1 (Fleeing) Low Low Negligible

Group 1 (Static) Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.178.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

RECOVERABLE INJURY OF GROUP 2 VERS

10.7.179.Both Atlantic salmon and brown trout (sea trout) are considered fleeing receptors within this
assessment as they are both migratory species, they are therefore likely to be transient
receptors within the UWN Zol. There are no demersal spawning Group 2 VERS, therefore,
the assessment of impacts on static Group 2 receptors is not considered.

MAGNITUDE OF IMPACT

10.7.180.Regarding the spatial worst case design scenario for recoverable injury of fleeing Group 2
receptors, the maximum predicted range of impact occurs from the concurrent piling of WTG
anchor piles in the Array Area (Figure 10-42). An impact area of up to 100 km? predicted from
this piling scenario. The area of impact from the concurrent piling of anchor piles in the
northeast corner of the Array Area, and the piling of OEP foundation piles in the centre of the
Array Area results in an impact area of up to 75 km? (Figure 10-43).

10.7.181.When considering both the sequential installation of WTG anchor piles (Figure 10-38), and
OEP foundation piles (Figure 10-40), the maximum predicted range of impact for recoverable
injury of fleeing Group 2 receptors occurs within the immediate vicinity of the works (<100m).
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The impact ranges are the same when considering the worst case and more likely piling
scenarios.

10.7.182. The temporal worst case piling scenario is detailed in paragraph 10.7.116.

10.7.183. Considering the limited spatial extent of the UWN impact ranges for Group 2 receptors, and
the intermittent temporal nature of the piling activities, the magnitude of impact is deemed to
be low.

SENSITIVITY OF RECEPTOR

10.7.184.As detailed Table 10-22, Group 2 receptors (recoverable injury onset at >207dB SPLpeak Or
>203dB SELcum) are considered to be of low sensitivity to UWN.

SIGNIFICANCE OF EFFECT

10.7.185. The overall significance of the effect on each VER group has been summarised in Table 10-33
along with the corresponding magnitude of impact and sensitivity.

10.7.186.0verall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be a maximum of
negligible, which is not significant in EIA terms.

Table 10-33 Significance of effect of recoverable injury from UWN on Group 2 Receptors

Receptor Magnitude of Sensitivity Significance of Effect
Impact
Group 2 (Fleeing) Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.187.No additional fish and shellfish ecology mitigation is considered necessary because the likely
impact in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

RECOVERABLE INJURY OF GROUP 3 VERS

MAGNITUDE OF IMPACT

10.7.188.When considering the potential for recoverable injury of static Group 3 receptors (e.g.,
spawning herring) from piling within the Array Area, the maximum predicted range of impact
for recoverable injury of static Group 3 receptors occurs from the sequential installation of pin
piles at the OEP. A maximum impact range of up to 22,000 m is predicted from piling within
this area (Figure 10-22) (sequential piling of six piles in a 24-hour period). This piling scenario
is the worst-case spatial impact for stationary Group 3 receptors. The more likely impact
range, from the sequential piling of up to three OEP foundation piles in a 24-hour period
(hammer energy 3,200 kJ, 5 m pile diameter) for stationary Group 3 receptors is up to
15,000 m.

10.7.189.When considering fleeing Group 3 receptors, the potential for recoverable injury occurs within
the immediate vicinity of the works (up to 100m) from the sequential piling of anchors to the
NE and SW of the Array Area. The impact ranges are the same when considering the worst
case and more likely piling scenarios. Impact ranges of up to 1,100 m are anticipated from
the sequential piling of pin piles for OEP foundations, when considering a more likely piling
scenario for OEP foundations (the piling of three piles within a 24 hour period), impact ranges
of up to 1,000 m are predicted (Figure 10-28).
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10.7.190.In the event that foundations are installed concurrently, a larger geographical extent of impact
from the UWN is anticipated. The concurrent piling of anchor piles for WTGs at both the NE
and SW piling locations in the Array Area, results in a maximum impact area of 980 km? on
stationary Group 3 receptors (Figure 10-25). The concurrent piling of anchor piles for WTGs
at the NE corner of the Array Area and piling of OEP foundation pin piles results in a maximum
impact area of 1,200 km? on stationary Group 3 receptors. When considering fleeing
receptors, an impact area of up to 100 kmZ is predicted from the concurrent piling of anchor
piles in the Array Area. The area of impact from the concurrent piling of anchor piles in the
northeast corner of the Array Area, and the piling of OEP foundation piles in the centre of the
Array Area results in an impact area of up to 75 km? for fleeing receptors (Figure 10-30).

10.7.191. The temporal worst case piling scenario is detailed in paragraph 10.7.116.

10.7.192.The noise contours from piling of WTG anchor piles and OEP foundation piles in the Array
Area as shown in relation to historic herring spawning grounds, and larvae abundances (Coull
et al, 1998 and IHLS data (ICES, 2011/2012 — 2023/2024)) in Figure 10-25 indicate the
potential for recoverable injury of spawning herring. Interaction of the recoverable injury noise
contours with the Buchan herring spawning ground (NMPi, 2015, as categorised by Coull et
al., 1998) can be observed. Although, as shown by annual IHLS data (ICES, 2011/2012 —
2023/2024), the total larval density from the combined 10-year dataset within the potential
mortal injury noise contour ranges from 0 to 14,500 herring larvae per m2. In comparison, the
peak larval density in the main spawning area (predominantly in the western extent of the
UWN Zol) ranges from 14,500 to 59,000 larvae per m2. Therefore, as evidenced by the IHLS
data, the larval density and therefore spawning herring stock that would be impacted is
minimal when compared to areas of peak herring spawning (in the western extent of the UWN
Zol).

10.7.193.Considering the notable overlap of the recoverable injury noise contours with the historic
Buchan herring spawning grounds (NMPi, 2015, as categorised by Coull et al., 1998) and of
areas of low-density herring larvae, and the broadscale distribution of available spawning
substrates for herring across the northern North Sea, UWN from piling has the potential to
cause a population level impact, and therefore the magnitude of impact on spawning herring
is considered to be medium.

10.7.194. Considering the limited spatial extent of the UWN impact ranges for fleeing Group 3 receptors,
and the intermittent temporal nature of the piling activities, the magnitude of impact is deemed
to be low.

SENSITIVITY OF RECEPTOR

10.7.195. As noted above in paragraph 10.7.142 et seq., herring (Group 3 receptor, recoverable injury
onset at >203dB SELcum or >207dB SPLpeak) are considered to be of medium sensitivity to
UWN. All other Group 3 receptors are of low sensitivity to UWN impacts from piling activities.

SIGNIFICANCE OF EFFECT

10.7.196. The overall significance of the effect on each VER group has been summarised in Table 10-34
along with the corresponding magnitude of impact and sensitivity.

10.7.197.Overall, the magnitude of the impact for stationary receptors (spawning herring) is deemed to
be medium, and the maximum sensitivity of receptors is medium. The significance of the effect
is therefore considered to be a maximum of moderate, which is significant in EIA terms.

10.7.198.Overall, the magnitude of the impact for fleeing receptors is deemed to be low, and the
maximum sensitivity of receptors is low. The significance of the effect is therefore considered
to be a maximum of negligible, which is not significant in EIA terms.
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Table 10-34 Significance of effect of recoverable injury from UWN on Group 3 Receptors

Receptor Magnitude of Sensitivity Significance of Effect
Impact

Group 3 (Static Medium Medium Moderate

receptor, spawning

herring)

Group 3 (Fleeing) Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.199. Additional fish and shellfish ecology mitigation is considered to be necessary because the
likely effect on spawning Buchan stock herring in the absence of further mitigation (beyond
the embedded commitments outlined in Section 10.6) is significant in EIA terms.

10.7.200. Mitigation options are presented within Volume 4, Appendix 10 (In Principle Fish Mitigation
Plan) that shows how these significant effects on behaviour from UWN during herring
spawning can be reduced to levels that are not significant. The residual effect will be minor,
which is not significant in EIA terms.

10.7.201.No additional fish and shellfish ecology mitigation is considered necessary for all other Group
3 receptors because the likely effect in the absence of further mitigation (beyond the
embedded commitments outlined in Section 10.6) is not significant in EIA terms.

RECOVERABLE INJURY OF EGGS AND LARVAE

MAGNITUDE OF IMPACT

10.7.202. Taking into consideration the Popper et al., (2014) criteria, for recoverable injury of eggs and
larvae, the extent of noise disturbance potentially causing recoverable injury would result in a
moderate degree of disturbance at a near field distance from the source (tens of meters), and
a low degree of disturbance in the near (hundreds of meters) and far field (thousands of
meters). Taking this into consideration, and the intermittent temporal nature of the piling
activities, the magnitude of impact is deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.203.As noted above, the sensitivity of eggs and larvae to recoverable injury from UWN is
considered to be medium for cod, herring, lemon sole, sprat, Norway pout and whiting, and
negligible for plaice and sandeel.

SIGNIFICANCE OF EFFECT

10.7.204. The overall significance of the effect on each VER group has been summarised in Table 10-35
along with the corresponding magnitude of impact and sensitivity.

10.7.205.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
eggs and larvae is medium. The significance of the effect is therefore considered to be a
maximum of minor, which is not significant in EIA terms.
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Table 10-35 Significance of effect of recoverable injury from UWN on eggs and larvae

Receptor Magnitude of Impact Sensitivity Significance of
Effect
Eggs and larvae (cod, Low Medium Minor

herring, lemon sole, sprat,
Norway pout and whiting)

Eggs and larvae (plaice Low Negligible Negligible
and sandeel)

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.206.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

RECOVERABLE INJURY OF SHELLFISH

MAGNITUDE OF IMPACT

10.7.207.0n the basis that shellfish do not possess swim bladders or other gas filled organs, it is
considered that shellfish are primarily sensitive to particle motion rather than sound pressure
(e.g., Popper and Hawkins, 2018). Pile driving is recognised as a source of particle motion,
generating high levels of particle motion in the nearfield (Hazelwood and Macey, 2016).
Impacts from particle motion are also likely to occur locally to the source, with studies having
demonstrated the rapid attenuation of particle motion with distance (Mueller-Blenkle et al,
2010). Considering the localised nature of the impact, the magnitude of impact is therefore
deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.208. As noted above, shellfish VERs within the UWN Zol are deemed to be of local to international
importance, medium vulnerability, and high recoverability. The sensitivity of these receptors
is therefore considered to be low.

SIGNIFICANCE OF EFFECT

10.7.209. The overall significance of the effect on each VER group has been summarised in Table 10-36
along with the corresponding magnitude of impact and sensitivity.

10.7.210.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be a maximum of
negligible, which is not significant in EIA terms.

Table 10-36 Significance of effect of recoverable injury from UWN on shellfish

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect

Shellfish Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.211.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.
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TEMPORARY THRESHOLD SHIFT OF GROUP 1 VERS

10.7.212.TTS is a temporary reduction in hearing sensitivity caused by exposure to intense sound. TTS
has been demonstrated in some fishes, resulting from temporary changes in sensory hair
cells of the inner ear and/or damage to auditory nerves. However, sensory hair cells are
constantly added to fishes and are replaced when damaged and therefore the extent of TTS
is of variable duration and magnitude of impact. Normal hearing ability returns following
cessation of the noise causing TTS, though this period is variable. When experiencing TTS,
fish may have decreased fithess due to a reduced ability to communicate, detect predators or
prey, and/or assess their environment.

MAGNITUDE OF IMPACT

10.7.213.When considering the potential for the TTS of static Group 1 receptors (e.g., sandeel), the
greatest impact ranges result from the sequential piling of OEP foundation piles (up to six
jacket piles in a 24-hour period, hammer energy 3,200 kJ, 5 m pile diameter). An impact range
for TTS of up to 110,000 m is predicted from this piling scenario (Figure 10-34). This piling
scenario is the worst-case spatial impact for stationary Group 1 receptors. The more likely
impact range, from the sequential piling of up to three OEP foundation piles in a 24-hour
period (hammer energy 3,200 kJ, 5 m pile diameter) for stationary Group 1 receptors is up to
86,000 m (Figure 10-35).

10.7.214.1n terms of anchor piling, an impact range of up to 97,000 m is predicted from sequential in
the Array Area (10 piles per 24-hour period with a hammer energy of 2400 kJ and 4 m pile
diameter).The more likely impact range, from the sequential piling of up to five anchor piles in
a 24 hour period (hammer energy 2400 kJ and 4 m pile diameter), for stationary Group 1
receptors, is up to 75,000 m.

10.7.215.1In the event that foundations are installed concurrently, a larger geographical extent of impact
from the UWN is anticipated. The concurrent piling of anchor piles for WTGs at both the NE
and SW piling locations in the Array Area results in a maximum impact area of 20,000 km? on
stationary Group 1 receptors. (Figure 10-36). The concurrent piling of anchor piles for WTGs
at the NE corner of the Array Area and piling of OEP foundation pin piles results in a maximum
impact area of 124,000 km? on stationary Group 1 receptors. When considering fleeing
receptors, the concurrent piling of anchor piles for WTGs at the NE corner of the Array Area
and piling of OEP foundation pin piles represents the worst-case piling scenario for TTS
impacts, with an impact area of up to 13,000 km2. The concurrent piling of anchor piles for
WTGs at both the NE and SW piling locations in the Array Area results in a maximum impact
area of 11,000 km? on fleeing Group 1 receptors.

10.7.216. The temporal worst case piling scenario is detailed in paragraph 10.7.116.

10.7.217.Considering the extensive spatial extent of the UWN impact ranges for Group 1 receptors,
both fleeing and stationary, and the intermittent temporal nature of the piling activities, the
magnitude of impact is deemed to be medium.

SENSITIVITY OF RECEPTOR

10.7.218.As noted previously, all Group 1 receptors (both static and fleeing) (TTS onset at
>>186dB SELcum) have low sensitivity to UWN impacts from piling activities. Even given the
location of the Array Area in relation to Turbot Bank NC MPA, which is designated for sandeel,
the sensitivity of sandeel is also considered to be low with regard to TTS, as the proposed
piling operations are not anticipated to interact with the spawning season of sandeel, which
occurs from November to February.
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SIGNIFICANCE OF EFFECT

10.7.219. The overall significance of the effect on each VER group has been summarised in Table 10-37
along with the corresponding magnitude of impact and sensitivity.

10.7.220.Overall, the magnitude of the impact is deemed to be medium, and the maximum sensitivity
of receptors is low. The significance of the effect is therefore considered to be a maximum of
minor, which is not significant in EIA terms.

Table 10-37 Significance of effect of TTS from UWN on Group 1 Receptors

Receptor Magnitude of Impact Sensitivity Significance
of Effect

Sandeel (static) Medium Low Minor

Group 1 (fleeing) Medium Low Minor

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.221.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

TEMPORARY THRESHOLD SHIFT OF GROUP 2 VERS

MAGNITUDE OF IMPACT

10.7.222.Regarding the spatial worst case design scenario, the Popper et al. (2014) criteria for TTS of
Group 2 receptors are the same as that of risk of TTS to fleeing Group 1 receptors (as detailed
in paragraph10.7.46 et seq.) and therefore the impact ranges presented for Group 2 receptors
replicate those for Group 1 receptors.

10.7.223. The temporal worst case piling scenario is detailed in paragraph 10.7.116.

10.7.224.Considering the extensive spatial extent of the UWN impact ranges for Group 2 receptors,
and the intermittent temporal nature of the piling activities, the magnitude of impact is deemed
to be medium.

SENSITIVITY OF RECEPTOR

10.7.225. As detailed above, Group 2 receptors (TTS onset at >186dB SEL«um) are considered to be of
low sensitivity to UWN.

SIGNIFICANCE OF EFFECT

10.7.226. The overall significance of the effect on each VER group has been summarised in Table 10-38
along with the corresponding magnitude of impact and sensitivity.

10.7.227.Overall, the magnitude of the impact is deemed to be medium, and the maximum sensitivity
of receptors is low. The significance of the effect is therefore considered to be a maximum of
minor, which is not significant in EIA terms.

Table 10-38 Significance of effect of TTS from UWN on Group 2 Receptors

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect

Group 2 (Fleeing) Medium Low Minor
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SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.228.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

TEMPORARY THRESHOLD SHIFT OF GROUP 3 VERS

MAGNITUDE OF IMPACT

10.7.229.Regarding the spatial worst case design scenario for static Group 3 receptors, the Popper et
al. (2014) criteria for TTS of Group 3 receptors are the same as that of risk of TTS to Group
1 receptors (as detailed in paragraph 10.7.46 et seq.) and therefore the impact ranges
presented for Group 3 receptors replicate those for Group 1 receptors.

10.7.230.The TTS noise contours shown in relation to historic herring spawning grounds (NMPi, 2015,
as categorised by Coull et al., 1998) and IHLS data (ICES, 2011/2012 — 2023/2024)) in Figure
10-20 to Figure 10-25 indicate the potential for TTS of spawning herring from all piling
scenarios (inclusive of sequential and concurrent piling scenarios, and worst case and more
likely). A large overlap of the TTS noise contour with the historic Buchan herring spawning
ground (Coull et al., 1998) and peak herring larval densities can be observed in Figure 10-20
to Figure 10-25. The larval densities within the TTS noise contours (from all piling scenarios)
range from 0 to 59,000 herring larvae per m2.Considering the TTS contours encompass an
area of peak herring spawning activity (as indicated by the IHLS data), and overlaps a historic
herring spawning grounds (NMPi, 2015, as categorised by Coull et al., 1998), TTS impacts
from piling operations have the potential to cause a population level impact on the Buchan
stock. Considering the extensive spatial extent of the UWN impact ranges for herring (static
Group 3 receptors), and the intermittent temporal nature of the piling activities, the magnitude
of impact is deemed to be high.

10.7.231.Considering the extensive spatial extent of the UWN impact ranges for fleeing Group 3
receptors, and the intermittent temporal nature of the piling activities, the magnitude of impact
is deemed to be medium for all receptors.

SENSITIVITY OF RECEPTOR

10.7.232.Whilst it is likely that actual spawning events for individual herring are completed over very
short time scale, and that TTS or behavioural impacts are unlikely to prevent them from
spawning, there is the potential for some interruption to the event, including whist travelling to
the spawning ground. As detailed previously, Group 3 receptors (TTS onset at 186 dB SELcum)
are considered to be of medium (herring) to low (other Group 3 receptors) sensitivity to UWN.

SIGNIFICANCE OF EFFECT

10.7.233.The overall significance of the effect on each VER group has been summarised in Table 10-39
along with the corresponding magnitude of impact and sensitivity.

10.7.234.Overall, the magnitude of the impact is deemed to be medium for fleeing receptors, and high
for static receptors (spawning herring), and the maximum sensitivity of receptors is medium
(spawning herring). The significance of the effect on fleeing receptors is Minor which is not
significant in EIA terms. The significance of effect on spawning herring is Moderate, which is
significant in EIA terms.
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Table 10-39 Significance of effect of TTS from UWN on Group 3 Receptors

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect
Group 3 (Fleeing) Medium Low Minor
Spawning herring High Medium Moderate
(Static)

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.235. Additional fish and shellfish ecology mitigation is considered to be necessary due to the
potential for significant effects on spawning herring in the absence of further mitigation
(beyond the embedded commitments outlined in Section 10.6) is significant in EIA terms.

10.7.236. Mitigation options are presented within Volume 4, Appendix 10 (In Principle Fish Mitigation
Plan) that shows how these significant effects of TTS due to UWN caused by piling during
herring spawning can be reduced to levels that are not significant. The residual effect will be
minor, which is not significant in EIA terms.

10.7.237.No additional fish and shellfish ecology mitigation is considered necessary for all other Group
3 receptors, because the likely effect in the absence of further mitigation (beyond the
embedded commitments outlined in Section 10.6) is not significant in EIA terms.

TTS OF EGGS AND LARVAE

10.7.238.The Popper et al. (2014) criteria for TTS are the same as that of risk of recoverable injury (in
Table 10-23, and therefore the impact assessment for eggs and larvae replicates that
undertaken for recoverable injury. Eggs and larvae were assessed as having medium
sensitivity to UWN impacts, with a moderate degree of disturbance at a near field distance
from the source (tens of meters), and a low degree of disturbance in the near (hundreds of
meters) and far field (thousands of meters).

SENSITIVITY OF RECEPTOR

10.7.239.As noted above, the sensitivity of eggs and larvae to UWN is considered to be medium for
cod, herring, lemon sole, sprat, Norway pout and whiting, and negligible for plaice and
sandeel.

SIGNIFICANCE OF EFFECT

10.7.240. The overall significance of the effect on each VER group has been summarised in Table 10-40
along with the corresponding magnitude of impact and sensitivity.

10.7.241. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
eggs and larvae is medium. The significance of the effect is therefore considered to be a
maximum of minor, which is not significant in EIA terms.

Table 10-40 Significance of effect of TTS from UWN on eggs and larvae

Receptor Magnitude of Impact Sensitivity Significance of
Effect
Eggs and larvae (cod, Low Medium Minor

herring, lemon sole, sprat,
Norway pout and whiting)

Eggs and larvae (plaice Low Negligible Negligible
and sandeel)
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10.7.242.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

TTS OF SHELLFISH

MAGNITUDE OF IMPACT

10.7.243. As detailed previously, shellfish do not possess swim bladders or other gas filled organs, it is
therefore considered that shellfish are primarily sensitive to particle motion rather than sound
pressure (e.g., Popper and Hawkins, 2018). Pile driving is recognised as a source of particle
motion, generating high levels of particle motion in the nearfield (Hazelwood and Macey,
2016). Impacts from particle motion are also likely to occur locally to the source, with studies
having demonstrated the rapid attenuation of particle motion with distance (Mueller-Blenkle
et al, 2010). Considering the localised nature of the impact, the magnitude of impact is
therefore deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.244. As noted above, shellfish VERs within the UWN Zol are deemed to be of local to international
importance, medium vulnerability, and high recoverability. The sensitivity of these receptors
is therefore considered to be low.

SIGNIFICANCE OF EFFECT

10.7.245. The overall significance of the effect on each VER group has been summarised in Table 10-41
along with the corresponding magnitude of impact and sensitivity.

10.7.246.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be a maximum of
negligible, which is not significant in EIA terms.

Table 10-41 Significance of effect of TTS from UWN on shellfish

Receptor/Location Magnitude of Impact Sensitivity Significance of Effect

Shellfish Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.247.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

INTRODUCTION TO BEHAVIOURAL IMPACTS

10.7.248. Different fish and shellfish have varying sensitivities to piling noise, depending on how these
species perceive sound in the environment. Behavioural impacts in response to construction
related UWN include a wide variety of responses including startle responses (C-turn), strong
avoidance behaviour, changes in swimming or schooling behaviour, or changes of position in
the water column (e.g., Hawkins et al, 2014a). Depending on the strength of the response and
the duration of the impact, there is the potential for some of these responses to lead to
significant impacts at an individual level (e.g., reduced fitness, increased susceptibility to
predation) or at a population level (e.g., avoidance or delayed migration to key spawning
grounds), although these may also result in short-term, intermittent changes in behaviour that
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have no wider impact, particularly once acclimatisation to the noise source is taken into
account.

10.7.249.Regarding Group 1 fish and shellfish, these receptors lack a swim bladder, and so are largely
considered to be less sensitive to sound pressure, with these species instead detecting sound
in the environment through particle motion. The sensitivity of the receptors to acoustic particle
velocity component of the sound field has been noted by a number of researchers (Hawkins,
2006; Nedwell et al., 2007; Popper and Hastings, 2009) and the potential for piling activity to
generate the type of sound fields that may contain substantial acoustic particle velocity
components has also been noted in the literature (Hawkins, 2009). As such, sensitivity to
particle motion in the Group 1 fish receptors and shellfish is more likely to be important for
behavioural responses rather than injury (Hawkins, 2009; Hawkins et al., 2014a; Mueller-
Blenkle et al., 2010).

10.7.250.1t has also been reported that slow, rolling interface waves that move out from a source like a
pile driver can produce particle motion amplitudes travelling considerable distances (Hawkins
and Popper, 2016), with implications for demersal and sediment dwelling fish (such as
sandeel) and shellfish in close proximity to piling operations. Specifically, demersal dwelling
receptors such as sandeel (Group 1 receptors) may be particularly affected by vibration
through the seabed during winter hibernation when sandeel remain buried in sandy
sediments.

10.7.251. Particle motion generated from piling is expected to attenuate more rapidly than the acoustic
pressure component in the water, with a low risk of behavioural impacts in the far-field (i.e.,
kilometres from the source).

10.7.252.Mueller-Blenkle et al. (2010) measured behavioural responses of Dover sole to sounds
representative of those produced during marine piling, with considerable variation across
subjects (i.e., depending on the age, sex, condition etc. of the fish, as well as the possible
influence of confinement in cages on the overall stress levels in the fish). This study concluded
that it was not possible to find an obvious relationship between the level of exposure and the
extent of the behavioural response, although an observable behavioural response was
reported at 144 to 156dB re 1uPa SPLpeak for Dover sole. However, this threshold should not
be interpreted as the level at which an avoidance reaction will be elicited, as the study was
not able to show this, especially considering the varied responses observed across subjects.

10.7.253.Research into the impact of UWN on shellfish receptors is scarce, and no attempt has been
made to set exposure criteria (Hawkins et al., 2014b). Studies on marine invertebrates have
shown sensitivity of shellfish receptors to substrate borne vibration (Roberts et al., 2016).
Aquatic decapod crustaceans are equipped with a number of receptor types potentially
capable of responding to the particle motion component of UWN (e.g., the vibration of the
water molecules which results in the pressure wave) and ground-borne vibration (Popper et
al., 2001). It is generally their hairs that provide the sensitivity, although these animals also
have other sensor systems which could be capable of detecting vibration.

10.7.254.Group 2 and 3 fish receptors possess a swim bladder and therefore are more sensitive to the
sound pressure components of UWN, therefore the risks of behavioural impacts are
considered greater for these species. A number of studies have examined the behavioural
impacts of the sound pressure component of impulsive noise (including piling operations and
seismic airgun surveys) on fish species, including Group 3 gadoids. Mueller-Blenkle et al.
(2010) measured behavioural responses of cod to sounds representative of those produced
during marine piling and observed behavioural responses at 140 to 161 dB re 1 yPa SPLpeak
for cod. However, variable responses were observed across subjects and consequently this
threshold should not be interpreted as the level at which an avoidance reaction will be elicited,
as the study was not able to show this. A study by Pearson et al. (1992) on the impacts of
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seismic airgun noise on caged rockfish (Sebastes spp.) observed a startle or C-turn response
at peak pressure levels beginning around 200 dB re 1 pPa, although this was less common
with the larger fish. Studies by Curtin University in Australia for the oil and gas industry by
McCauley et al. (2000) exposed various fish species in large cages, in open water to seismic
airgun noise and assessed behaviour, physiological and pathological changes. The study
made the following observations:

10.7.255. A general fish behavioural response to move to the bottom of the cage during periods of high-
level exposure greater than Root Mean Square (RMS) levels of around 156 to
161 dB re 1 yPa; approximately equivalent to SPLpeak levels of around 168 to
173 dB re 1 pyPa);

e agreater startle response by small fish to the above levels;

e areturn to normal behavioural patterns some 14 to 30 minutes after airgun operations
ceased;

¢ no significant physiological stress increases attributed to air gun exposure; and

e some preliminary evidence of damage to the hair cells when exposed to the highest
levels, although it was determined that such damage will only likely occur at short range
from the source.

10.7.256. The authors did, however, note that any potential seismic impacts on fish may not necessarily
translate to population scale impact or disruption to fisheries and McCauley et al. (2000) show
that caged fish experiments can lead to variable results.

10.7.257.Picciulin et al. (2022) undertook a study based on free-living brown meagre (Sciaena umbra)
fish and observed no influence on breeding site selection of brown meagre fish when exposed
to vessel noise. Similar observations were made by Bruintjes et al. (2014), who observed no
influence on the early-life survival and growth of the cichlid fish (Neolsmprologus pulcher)
when exposed to moderate noise increases (motorboat noise). Although it should be noted
that this study was conducted on captive fish.

10.7.258.Hawkins et al. (2014a) undertook a study on schools of sprat and mackerel, observing
behavioural responses to pile driving. A range of responses were observed at sound pressure
levels of 163.2 SPLpeak-to-peak and estimated single strike SEL of 135 dB re 1 yPa2s for
sprat and 163.3 dB re 1 pPa peak-to-peak and estimated single strike SEL
142.0 dB re 1 yPa2s for mackerel. It is important to note that responses for each species were
found to vary (to the same stimulus type and intensity), based on whether the fish were
schooling or individuals, during night and day, and depending (for sprat) on whether a predator
(mackerel) were present. It should also be consider that these responses were identified in a
study undertaken within a quiet loch on fish not involved in any particular activity (i.e. not
spawning), and it is therefore not considered appropriate to apply the outcomes of this study
to a much noisier area such as the northern North Sea (which is subject to high levels of
anthropogenic activity and consequently noise) as the fish within this area will be acclimated
to the noise and would be expected to have a correspondingly lower sensitivity to noise levels.

10.7.259. Acoustic trauma has been observed in selected cephalopod species, as evidenced by André
et al. (2011) who observed acoustic trauma in European squid, following exposure to low
frequency sound. This was also observed by Samson et al. (2016) with a range of behavioural
responses to UWN in cephalopods recorded, including inking, colour changes and startle
responses. However, Fewtrell and McCauley (2012) suggest that such alterations are only
temporary from experimental studies.

10.7.260.The European seabass is not included as a VER for the Proposed Development but has
increasingly been used in the study of anthropogenic noise impacts on fish. It can therefore
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provide a qualitative representation of the behavioural impacts for some fish species based
on the available literature at present. The hearing sensitivity of seabass is most acute at low
frequencies (100-1000 Hz); coincident with many anthropogenic noises in water (Gotz et al.,
2009). Spiga et al. (2017) investigated the impacts of recordings of piling and drilling noise on
the anti-predator behaviour of captive juvenile European seabass in response to a visual
stimulus (a predatory mimic). None of the behavioural measures related to exploration,
swimming activity or anxiety were affected by playback noise onset (Spiga et al., 2017).
Exploration behaviour is an important feature in fish as it leads to finding food, mates and
escapes routes; therefore, it has been suggested that although piling noise triggers reflex
behaviours, as no behavioural measures related to exploration were affected, the responses
observed by Spiga et al., (2017) would appear not to be detrimental to the fish (Spiga et al.,
2017).

10.7.261.Research by Radford et al. (2016) using seabass was designed to examine the changes in
ventilation rate (Opercular Beat Rate (OBR)) caused by noise to captive fish, which would
indicate a stress response. When pile driving noise was played at 147dB Sound Exposure
Level, single strike (SELss), 30dB above the ambient noise played prior to the stimulus
(117dB SPLrms), a clear increase in OBR was detected. Additional research by Kastelein et
al. (2017), also on seabass, identified that initial responses in adult fish (sudden short-lived
changes in swimming speed) occurred in response to impulsive pile driving at 141dB SELSss,
but concluded that no sustained responses (changes in school cohesion, swimming depth,
and speed) occurred at levels up to 166dB SELss. Kastelein et al. (2017) concluded that the
analysis showed that there is no evidence, even at the highest sound level, for any consistent
sustained response to sound exposure by the study animals. A study undertaken by Neo et
al., (2018) on captive seabass observed more significant behavioural responses of European
bass to piling during the night than during the day, and also noted habituation over repeated
sound exposure.

10.7.262.As evidenced by the studies above, fish and shellfish behavioural responses to UWN are
highly dependent on factors such as the type of fish/shellfish, sex, age and condition, as well
as other stressors to which the fish/shellfish have been exposed. For example, it is expected
that smaller fish might show behavioural responses at lower levels of noise. In addition to this,
the response of the fish will depend on the reasons and drivers for the fish being in the area.
Foraging or spawning may increase the desire for the fish to remain in the area despite the
elevated noise level (Pefia et al., 2013). This is supported by Neo et al. (2014) who concluded
that a single criterion value for behaviour does not take into consideration the substantial
species differences in behaviour, nor does it take into consideration response changes with
animal age, season, or motivational state. This is evidenced by Skaret et al. (2005) who
observed no avoidance behaviours in herring in response to vessel noise when engaged in
spawning behaviours.

10.7.263.The thresholds identified in the literature detailed above and summarised in Table 10-42
below, are largely based on captive animals (as reviewed by Popper and Hawkins, 2019).
Whilst studies on captive animals are suitable for gaining physiological information such as
hearing sensitivity, they may not be suitable for understanding how a wild animal will respond
behaviourally to a stimulus (Oldfield, 2011). Notably, a need for further research on
behavioural responses to external stimuli was highlighted by Popper et al., (2014) with an
emphasis on the requirement for studies on wild fish receptors.
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Table 10-42 Summary of behavioural noise response thresholds identified in literature

Literature Receptor Behavioural response threshold
identified

Mueller-Blenkle et al. (2010) Dover sole 144 to 156 dB re 1 pPa SPLpeak

Mueller-Blenkle et al. (2010) Cod 140 to 161 dB re 1 yPa SPLpeak

Pearson et al. (1992) Rock fish 200 dB re 1 yPa (mean-peak level)

McCauley et al. (2000) N/A 156 to 161 dB re 1pPa rms, 168 to 173
dB re 1uPa SPLpeak

Hawkins et al. (2014a) Sprat 163.2dB re 1uPa SPLpeak, 135 dB re
1uPa SELss

Hawkins et al. (2014b) Mackerel 163.3dB re 1yPa SPLpeak, 142dB re
1uPa SELss

Radford et al. (2016) Seabass 147dB re 1uPa SELss

Kastelein et al. (2017) Seabass 141dB re 1uPa SELss

10.7.264.Due to the range of behavioural responses elicited from fish and shellfish receptors, and the
influence from environmental variables and ecological stressors, Popper et al. (2014)
recommend the application of a qualitative assessment. The qualitative behavioural criteria
derived from Popper et al. (2014) for fish are provided in Table 10-43 below. These categorise
the risks of impacts in relative terms as ‘high, moderate or low’ at three distances from the
source: near (10s of metres), intermediate (100s of metres), and far (1,000s of metres),
respectively. This qualitative approach as recommended by Popper et al. (2014) has been
applied to the assessment of behavioural impacts of fish and shellfish below.

Table 10-43 Qualitative behavioural criteria (Popper et al., 2014)

Type of animal Impairment
Auditory masking Behaviour

Fish: no swim bladder (N) Moderate (N) High
(Group 1) () Low (I) Moderate

(F) Low (F) Low
Fish: swim bladder is not ~ (N) Moderate (N) High
involved in hearing (I) Low (I) Moderate
(Group 2) (F) Low (F) Low
Fish: swim bladder (N) High (N) High
involved in hearing () High () High

(Group 3)

(F) Moderate

(F) Moderate

Eggs and larvae

(N) Moderate
(I) Low
(F) Low

(N) Moderate
(1) Low
(F) Low

* Risk of impact category (high, moderate low) is given at three distances from the source in relative terms: near
field (N: 10s of metres), intermediate field (I: 100s of metres), and far field (F: 1000s of metres); (Popper et al.,
2014).
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BEHAVIOURAL IMPACTS OF GROUP 1 RECEPTORS

MAGNITUDE OF IMPACT

10.7.265. Considering the Popper et al. (2014) criteria (Table 10-23), any risk of behavioural impacts or
auditory masking in Group 1 species (particularly the less mobile species) from piling of WTG
anchor piles and OEP foundation piles are expected to be low in the intermediate field. Near
field behavioural impacts are considered likely to be fully contained within TTS impacts and
so are not considered further. Taking this into consideration, the magnitude of impact on all
Group 1 receptors (fleeing and static) is considered to be medium.

SENSITIVITY OF RECEPTOR

10.7.266.As noted previously in paragraph 10.7.118, all Group 1 receptors are considered to be of low
sensitivity to UWN.

SIGNIFICANCE OF EFFECT

10.7.267. The overall significance of the effect on each VER group has been summarised in Table 10-44
along with the corresponding magnitude of impact and sensitivity.

10.7.268. Overall, the magnitude of the impact is deemed to be medium, and the maximum sensitivity
of receptors is low. The significance of the effect is therefore considered to be a maximum of
minor, which is not significant in EIA terms.

Table 10-44 Significance of effect of behavioural impacts from UWN on Group 1 Receptors

Receptor Magnitude of Impact Sensitivity Significance
of Effect

Sandeel (static) Medium Low Minor

Group 1 (Fleeing) Medium Low Minor

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.269.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

BEHAVIOURAL IMPACTS OF GROUP 2 RECEPTORS

MAGNITUDE OF IMPACT

10.7.270.Considering the Popper et al. (2014) criteria (Table 10-23), any risk of behavioural impacts or
auditory masking in Group 2 species from piling is expected to be low in the intermediate field.
Near field behavioural impacts are considered likely to be fully contained within TTS impacts
and so are not considered further. Taking this into consideration, the magnitude of impact on
Group 2 receptors is considered to be medium.

SENSITIVITY OF RECEPTOR

10.7.271.As noted previously, Group 2 receptors are considered to be of low sensitivity to UWN. In
addition, the intention of migratory species to reach spawning grounds or complete their
migrations may override any potential disturbance impacts from UWN. Their motivation to
migrate on schedule could make them less susceptible to noise disturbances compared to
other receptor groups.
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SIGNIFICANCE OF EFFECT

10.7.272.The overall significance of the effect on each VER group has been summarised in Table 10-45
along with the corresponding magnitude of impact and sensitivity.

10.7.273.Overall, the magnitude of the impact is deemed to be medium, and the maximum sensitivity
of receptors is low. The significance of the effect is therefore considered to be a maximum of
negligible, which is not significant in EIA terms.

Table 10-45 Significance of effect of behavioural impacts from UWN on Group 2 Receptors

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect

Group 2 (Fleeing) Medium Low Minor

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.274.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

BEHAVIOURAL IMPACTS OF GROUP 3 RECEPTORS

MAGNITUDE OF IMPACT

10.7.275.Whilst the Popper et al (2014) criteria (Table 10-23), suggest a high risk of behavioural
disturbance in the near and intermediate field and a moderate risk in the far field, the risk
assessment is likely to predicated on the individuals not being involved in activities with a
strong biological driver (i.e., spawning or feeding). The near and intermediate field behavioural
impacts are considered likely to be fully contained within TTS impacts and so are not
considered further. Taking this into account, the magnitude of impact from behavioural
impacts on fleeing Group 3 receptors is anticipated to be of medium magnitude of impact.
Considering the anticipated range of behavioural impacts relative to the presence of high
intensity herring spawning activity, the magnitude of impact on static spawning herring is high.

SENSITIVITY OF RECEPTOR

10.7.276.As noted previously, spawning herring are considered to be of medium sensitivity to UWN. All
other Group 3 receptors are considered to be of low sensitivity.

10.7.277.1t should be acknowledged however, that as evidenced in peer reviewed literature, strong
biological drivers (i.e., spawning or feeding) can reduce behavioural responses. Specifically,
Skaret et al. (2005) identified that herring (a Group 3 species), had a significantly reduced
reaction to external stimulus when involved in spawning activity than when swimming. As
such, it is likely that any behavioural impacts to fish would be significantly reduced when
spawning, with consequently limited impact on spawning potential for the relevant species.
Whilst there is a paucity of evidence on migratory behaviour of European eel, it is possible
that migration would be an equally strong biological driver, with similar damping of behavioural
reactions.

SIGNIFICANCE OF EFFECT

10.7.278.The overall significance of the effect on each VER group has been summarised in Table 10-46
along with the corresponding magnitude of impact and sensitivity.

10.7.279.Overall, the magnitude of the impact is deemed to be medium for fleeing receptors, and high
for static receptors (spawning herring), and the maximum sensitivity of receptors is medium
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(spawning herring). The significance of the effect on fleeing receptors is Minor which is not
significant in EIA terms. The significance of effect on spawning herring is Moderate, which is
significant in EIA terms.

Table 10-46 Significance of effect of behavioural impacts from UWN on Group 3 Receptors

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect
Group 3 (Fleeing) Medium Low Minor
Spawning herring High Medium Moderate
(Static)

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.280.Additional fish and shellfish ecology mitigation is considered to be necessary due to the
potential for significant effects on spawning herring in the absence of further mitigation
(beyond the embedded commitments outlined in Section 10.6) is significant in EIA terms.

10.7.281. No additional fish and shellfish ecology mitigation is considered necessary for all other Group
3 receptors, because the likely effect in the absence of further mitigation (beyond the
embedded commitments outlined in Section 10.6) is not significant in EIA terms.

BEHAVIOURAL IMPACTS OF SHELLFISH

MAGNITUDE OF IMPACT

10.7.282. As detailed previously, shellfish do not possess swim bladders or other gas filled organs, it is
therefore considered that shellfish are primarily sensitive to particle motion rather than sound
pressure (e.g., Popper and Hawkins, 2018). Pile driving is recognised as a source of particle
motion, generating high levels of particle motion in the nearfield (Hazelwood and Macey,
2016). Impacts from particle motion are also likely to occur locally to the source, with studies
having demonstrated the rapid attenuation of particle motion with distance (Mueller-Blenkle
et al, 2010). Considering the localised nature of the impact, the magnitude of impact is
therefore deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.283.There are no criteria for shellfish sensitivity to noise, and therefore, a qualitative assessment
has been undertaken based on published literature. Shellfish are considered a potential
sensitive receptor to particle motion from piling, due to typically having low motility, and
therefore are considered unlikely to be able to vacate the area at the onset of ‘soft-start piling’;
Roberts (2015) suggested that vibroacoustic stimuli may elicit and affect anti-predator
responses, such as startle response in crabs and valve closure in mussels. Such responses
would likely be distractions from routine activities such as feeding. Behavioural changes in
mussels have also been observed in response to simulated pile-driving, with increased
filtration rates observed in blue mussels (Spiga et al., 2016). In addition to this, Samson et al.
(2016) recorded a range of behavioural responses to UWN in cephalopods, including inking,
colour changes and startle responses. Taking this into consideration, shellfish are considered
to be of low sensitivity to UWN impacts.

SIGNIFICANCE OF EFFECT

10.7.284.The overall significance of the effect on each VER group has been summarised in Table 10-47
along with the corresponding magnitude of impact and sensitivity.
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10.7.285.Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity of
receptors is low. The significance of the effect is therefore considered to be a maximum of
negligible, which is not significant in EIA terms.

Table 10-47 Significance of effect of behavioural impacts from UWN on shellfish

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect

Shellfish Low Low Negligible

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.286.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.
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NOISE AND VIBRATION ARISING FROM UXO CLEARANCE

10.7.287.Prior to the start of construction, UXO investigation works will be required which may require
clearance of UXO through non-destructive clearance through moving or removal of the UXO,
or destructive clearance (i.e., in-situ detonation) which will result in the emission of UWN. It
should be noted, that in the context of this assessment, in-situ detonation is considered the
worst-case design scenario, and therefore non-destructive clearance methods are not
considered any further.

10.7.288.The Developer is not applying for consent for UXO clearance works as part of this application
(as at this stage it is not clear if it will be required, or indeed if required to what extent and
location, and a separate Marine Licence will be sought for such works once these factors have
been established). However, it is acknowledged that such UXO clearance could occur and
therefore, it is appropriate to consider the potential impacts of this additional source of UWN
on fish and shellfish species. Therefore, a high-level assessment has been undertaken and
is presented in the following paragraphs. A full assessment of the potential impacts from UXO
clearance works will be submitted to support a separate Marine Licence application prior to
undertaking UXO clearance works at the Proposed Development, once the full number of
potential UXO and the likely sizes of these UXO are known, following further surveys which
will only be undertaken once consent for the Proposed Development is granted.

10.7.289. As detailed in Table 10-14, the Developer has committed to the avoidance of UXO hazards
where practicable and appropriate (C-31). If avoidance is not possible, decision making will
relate to removal, with detonation considered if avoidance or removal is not possible. If
detonation is required, low-order deflagration will be the preferred method, over high-order
detonations; low-order deflagration consists of the use of a small charge, which is fired at the
explosive, causing the contents to ignite and burn out. This process causes the casing to
crack open, but crucially, not detonation. Although low-order deflagration is still a kinetic
process, it has greatly reduced effects on the surrounding environment (such as UWN) from
those created during a clearance by high-order detonation. Recent UXO clearance campaigns
for Scottish offshore wind farm projects have had success with low-order deflagration. For
example, in 2023, the Moray West OWF successfully cleared 81 UXOs using deflagration,
without the need of high order clearance techniques. This method has been the primary
clearance technique for recent projects, as it results in significantly lower UWN levels
compared to high-order detonations. Based on the successful application of low-order
detonations in recent Scottish projects and the preference for this technique by NatureScot
and MD-LOT, it is assumed that low-order detonations will be the primary method for UXO
clearance for the Proposed Development, unless all other options have been exhausted.

10.7.290.High order detonation of UXO activities is one of the loudest anthropogenic noise sources that
occur underwater, with typically much higher source levels than those from piling. High-order
detonation UXO clearance is expected to result in mortality, mortal injury, recoverable injury,
TTS and disturbance to fish and shellfish species, depending on the proximity of the
individuals to the UXO location and the size of the UXO. Small scale mortality of fish as a
result of UXO detonation are frequently recorded (Dahl et al., 2020), with dead fish recorded
floating at the surface following the detonation by Marine Mammal Observers in accordance
with the JNCC (2010) guidelines for minimising the risk of injury to marine mammals from
using explosives (JNCC, 2010). The recordings for dead fish are typically made within the
immediate vicinity of the detonation (Dahl et al., 2020) and as such this is expected to be a
small-scale impact.

10.7.291. A full assessment of the potential impacts from UXO clearance works will be submitted to
support a separate Marine Licence application prior to undertaking UXO clearance works at
the Proposed Development, once the full number of potential UXO and the likely sizes of
these UXO are known, following further surveys which will only be undertaken once consent
for the Proposed Development is granted.
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10.7.292.1t is possible that UXO operations will be planned to take place year-round during the UXO
clearance campaign pre-construction, however, each UXO clearance is a discrete event, with
the detonation of a UXO (high or low-order) representing a short-term (i.e., seconds) increase
in UWN (i.e. Sound Pressure Levels (SPL) and particle motion) which may result in mortality,
injury or behavioural impacts on fish and shellfish species.

10.7.293.To inform the assessment, UWN modelling has also been undertaken for UXO detonations
(high and low order). The modelling for high order detonations is based purely on the charge
weight of the UXO. Noting that this estimation does not take into account the design,
composition, age, position, orientation, and sediment coverage of the UXO, which leads to a
high degree of uncertainty. Due to these uncertainties, a worst-case and therefore
precautionary estimation is used for the calculations, assuming the UXO is not buried,
degraded or subject to any other significant attenuation. The maximum equivalent charge
weight for the potential UXO devices that could be present within the Proposed Development
boundary is estimated as 750 kg, this has been modelled alongside a range of smaller
devices, at charge weights of 25, 55, 120, 240, 525, 698 kg. In each case, an additional donor
weight of 0.5 kg has been included to initiate detonation. When estimating the noise emissions
from low-order deflagration, it is anticipated that the initial charge (fired at the explosive to
ignite and burn out the UXO) is the greatest source of noise (Cheong et al., 2020). A charge
weight of 250 g has therefore been used to inform the modelling. The estimation of the source
noise level for each charge weight (low and high order) was carried out in accordance with
the methodology of Soloway and Dahl (2014), which follows Arons (1954) and the Marine
Technical Directorate Ltd. (MTD) (1996), and the impact ranges for fish receptors determined
using the Popper et al (2014) criteria, which are provided in Table 10-48 below. Note there
are no thresholds for eggs and larvae in terms of sound pressure, and no qualitative
thresholds for recoverable injury, or TTS.

Table 10-48 Impact threshold criteria for explosives from Popper et al. (2014)

Impact threshold noise level (Peak, dB re 1uPa)

Group Mortality and Recoverable injury* TTS
potential injury
Group 1 229 — 234 (N) High (N) High
(I) Low (1) Moderate
(F) Low (F) Low
Group 2 229 — 234 (N) High (N) High
() High (I) Moderate
(F) Low (F) Low
Group 3 229 - 234 (N) High (N) High
(1) High (1) High
(F) Low (F) Low

* Relative risk (high, moderate, low) is given for animals at three distances from the source defined in relative terms as near
field (N; i.e. 10s of metres), intermediate (I; i.e. 100s of metres), and far field (F; i.e. 1000s of metres); Popper et al. (2014).

10.7.294. The noise modelling for injury ranges is presented in Volume 3, Appendix 3.1 (Subsea Noise
Technical Report) and referred to as appropriate in the following assessments. Table 10-49
below summarises the results for the relevant criteria against each the UXO detonation
scenarios, including high and low-order detonations.




@e MUIR MHOR

Table 10-49 Summary of the impact ranges for UXO detonation using the explosions Lp,pk noise criteria from Popper
et al. (2019) for species of fish.

Charge Weight Mortality and Potentially Mortal Injury

234dB 229 dB

Low order deflagration

0.25 kg <50m 60 m
High-order detonation

25 kg + donor 170m el
55 kg + donor 230 m SO
120 kg + donor 300 m 490im
240 kg + donor 370m 620m
525 kg + donor 490 m 810m
698 kg + donor 530 m B90Im
750 kg + donor 550 m 910'm

10.7.295. As evident in Table 10-49 above, the maximum impact range for mortality and potential mortal
injury from high order detonation (for the highest charge weight (750 kg + donor)) is estimated
to be up to 910 m from the detonation, for all fish receptors (Groups 1 to 3). In comparison,
UXO clearance using low order deflagration, results in significantly reduced impact ranges for
mortality and potential mortal injury of all fish receptors, with impact ranges estimated to be
up to 60 m.

10.7.296.1n accordance with the qualitative Popper et al. (2014) explosion noise criteria, recoverable
injury and TTS ranges from high-order detonations will represent progressively larger areas,
with recoverable injury and TTS being high in the near and intermediate fields (100’s meters),
and low in the far field (1,000s of meters) from the detonation for Group 3 receptors (Popper
et al.,, 2014). There are no Popper et al. (2014) explosion noise criteria for low order
deflagration, although the ranges for recoverable injury and TTS are anticipated to be
significantly smaller.

10.7.297.1t is possible that UXO operations will be planned to take place year-round during the UXO
clearance campaign pre-construction and therefore have the potential to interact with the
spawning periods of different fish and shellfish species. However, each UXO clearance is a
discrete event and while this may result in some temporary disturbance to spawning fish, it is
less likely to result in the displacement of fish from specific spawning grounds, compared to
more continuous noise sources such as piling.

10.7.298.Taking into consideration, the potential spatial range of mortality and potential mortal injury
(up to 910 m) recoverable injury and TTS impacts (1,000s of meters), and the discrete
temporal nature of the UXO detonations (i.e. seconds), the magnitude of impact from UXO
clearance using high-order detonations (which represent the worst case design scenario) the
magnitude of impact is considered to be medium.

SENSITIVITY OF RECEPTOR

10.7.299. As noted previously, fish receptors (Groups 1 to 3, shellfish receptors) are considered to be
of low sensitivity to UWN, with the exception of spawning herring. As detailed in Section 10.5,
the UWN Zol overlaps with the Buchan herring stock spawning ground, and areas of high
intensity spawning herring are located to the west of the Array Area (within the offshore ECC).
Herring are Group 3 receptors, as their swim bladder is involved with hearing, and are
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therefore considered to be sensitive to UWN. It is on this basis that spawning herring are
assigned a sensitivity of medium.

SIGNIFICANCE OF EFFECT

10.7.300. The overall significance of the effect on each VER group has been summarised in Table 10-50
along with the corresponding magnitude of impact and sensitivity.

10.7.301. Overall, the magnitude of the impact is deemed to be medium, and the sensitivity of spawning
herring is medium. The sensitivity of all other receptors is low. The significance of effect on
spawning herring is Moderate, which is significant in EIA terms. The significance of the effect
on all other receptors is Minor which is not significant in EIA terms.

Table 10-50 Significance of effect of impacts from UWN from UXO detonations

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect
Group 1 Medium Low Minor

Group 2 Medium Low Minor

Group 3 Medium Low Minor

Group 3 (spawning Medium Medium Moderate
herring)

Shellfish Medium Low Minor

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.302. Additional fish and shellfish ecology mitigation is considered to be necessary due to the
potential for significant effects on spawning herring in the absence of further mitigation
(beyond the embedded commitments outlined in Section 10.6) is significant in EIA terms.

10.7.303.Embedded commitment (C-31) notes that where possible low-order deflagration will be the
preferred method of UXO removal. Should high-order detonations be required (as assessed
above as the worst case), further mitigation measures such as bubble curtains may be
required to further reduce the sound levels received by marine animals. While the primary
driver for deploying bubble curtains is legislation protecting marine mammals, their use will
also result in a reduction of impacts to fish and shellfish receptors. Additionally, an
assessment will be undertaken at the time of the UXO Marine License application, with
mitigation measures provided in the event that any significant impacts are concluded.

10.7.304.No additional fish and shellfish ecology mitigation is considered necessary for all other fish
and shellfish receptors, because the likely effect in the absence of further mitigation (beyond
the embedded commitments outlined in Section 10.6) is not significant in EIA terms.

NOISE AND VIBRATION ARISING FROM OTHER NOISE SOURCES
DURING CONSTRUCTION

10.7.305. Although impact piling is expected to be the greatest overall noise source during offshore
construction (Bailey et al., 2014), several other anthropogenic noise sources may be present.
Each of these has been considered below, and the potential impacts on fish and shellfish
receptors assessed. It should be noted, that while other activities (e.g. cable laying, pile
drilling, rock placement, cable trenching, and vessel movements) will result in UWN, these
have the potential to affect a relatively small area in the immediate vicinity of the activities and
are therefore inconsequential in the context of the UWN from piling operations.

10.7.306. Table 10-51 provides a summary of the various noise producing sources, aside from impact
piling, which are expected to be undertaken during the construction of the Proposed
Development.
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Table 10-51 Summary of the possible noise making activities at the Proposed Development other than impact piling.

Activity Description

Cable laying Noise from the cable laying vessel and other associated noise during the
offshore cable installation.

Drilling There is the potential for piles to be installed using drilling depending on

seabed type of if a pile refuses during impact piling operations.

Rock placement May be required on site for installation of offshore cables (cable crossings

and cable protection) and scour protection around foundation structures.

Trenching Plough trenching may be required during installation of the offshore cables.

Vessel noise Jack-up barges for piling substructure and WTG installation. Other large and
medium sized vessels to carry out other construction tasks and anchor

handling. Other small vessels for crew transport and maintenance on site.

MAGNITUDE OF IMPACT

10.7.307.To inform this assessment, consideration has been given to Popper et al. (2014) criteria for
continuous noise sources. These are provided in Table 10-52 below. As evident, for the most
part, the Popper et al. (2014) criteria are qualitative, being provided in terms of relative risk
(high, moderate, low) to the animal at various distances from the source of noise (near (N),
tens of meters), intermediate (I) hundreds of meters, and far (F) thousands of meters). The
exception to this is recoverable injury and TTS criteria for fish with swim bladders involved in
hearing (Group 3 (most sensitive) receptors). Quantitative thresholds are provided for these
criteria and are provided in (Table 10-52 below). Impact ranges have therefore been modelled,
with the outputs provided in Table 10-53 (detailed outputs of the UWN modelling are provided
in Volume 3, Appendix 3.1 (Subsea Noise Technical Report).

10.7.308.1t should be acknowledged, that there is no direct evidence of mortality or potential mortal
injury in fish from continuous noise sources. As shown in Table 10-52, the Popper et al. (2014)
criteria consider the risk of mortality/mortal injury associated with continuous noise sources to
be of low risk for all fish species groups regardless of distance from the source.

10.7.309.Regarding behavioural impacts, on fish and shellfish receptors, these are for the most part,
only anticipated to occur near or at intermediate distances from the source of noise, with low
risk of behavioural impacts at greater distances (Table 10-52).

Table 10-52 Popper et al. (2014) criteria for continuous sounds

Mortality/potenti

Recoverable

Category . L TTS Behavioural
al mortal injury injury
(N) Low (N) Low (N) Moderate (N) Moderate
Group 1 (1) Low () Low (1) Low (1) Moderate
(F) Low (F) Low (F) Low (F) Low
(N) Low (N) Low (N) Moderate (N) Moderate
Group 2 (1) Low () Low (1) Low (1) Moderate
(F) Low (F) Low (F) Low (F) Low
(N) Low (N) High
Group 3 (1) Low iZ?HSB rms for 48 :osrsleBh;TJSrs (1) Moderate
(F) Low (F) Low
(N) Low (N) Low (N) Moderate (N) Moderate
Eggs and larvae (I) Low (1) Low (1) Low (1) Moderate
(F) Low (F) Low (F) Low (F) Low
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Table 10-53 Summary of the impact ranges for the different noise sources related to construction using the
continuous noise criteria from Popper et al. (2014) for fish (swim bladder involved in hearing).

Activit Recoverable injury Temporary threshold shift
y (170 dB re 1 yPa (48 hours)) (158 dB re 1 pPa (12 hours))

Cable laying <50m <50m

Drilling <50m <50m

Rock placement <50m <50 m

Trenching <50m <50m

Vessel noise (large) <50m <50m

Vessel noise <50m <50m

(medium)

10.7.310.As evident in Table 10-53, impact ranges, for all construction activities under consideration,
for recoverable injury and TTS would only have potential to occur in close proximity to the
source of noise (<50m) for the most sensitive receptors (Group 3 fish).

10.7.311.1t is therefore apparent, that a small degree of disturbance to fish and shellfish receptors may
occur during construction, from activities such as cable laying, rock placement, trenching and
vessel noise. However, any impacts from UWN will only occur in the immediate vicinity of the
works and/or vessels. Taking this into consideration, and the temporary nature of the works,
the magnitude of impact is considered to be low.

SENSITIVITY OF RECEPTOR

10.7.312.As noted previously in paragraphs 10.7.118, 10.7.129, 10.7.142, and 10.7.164, receptors
(Groups 1 to 3, and shellfish receptors, respectively) are considered to be of low sensitivity to
UWN, with the exception of spawning herring. As detailed in Section 10.5, the UWN Zol
overlaps with the Buchan herring stock spawning ground, and areas of high intensity
spawning herring are located to the west of the Array Area (within the offshore ECC). Herring
are Group 3 receptors, as their swim bladder is involved with hearing, and are therefore
considered to be sensitive to UWN. It is on this basis that spawning herring are assigned a
sensitivity of medium.

SIGNIFICANCE OF EFFECT

10.7.313. The overall significance of the effect on each VER group has been summarised in Table 10-54
along with the corresponding magnitude of impact and sensitivity.

10.7.314.Overall, the magnitude of the impact is deemed to be low, and the sensitivity of spawning
herring is medium. The sensitivity of all other receptors is low. The significance of the effect
on all receptors is Minor which is not significant in EIA terms.

Table 10-54 Significance of effect of impacts from UWN from other noise sources related to construction

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect
Group 1 Low Low Minor

Group 2 Low Low Minor

Group 3 Low Low Minor

Group 3 (spawning Low Medium Minor
herring)

Shellfish Low Low Minor
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10.7.315. No additional fish and shellfish ecology mitigation is considered necessary, because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

OPERATION AND MAINTENANCE

IMPACT 6 - PERMANENT AND/OR LONG-TERM HABITAT
LOSS/ALTERATION DUE TO THE ADDITION OF INFRASTRUCTURE
TO THE AREA

10.7.316. The presence of infrastructure such as foundations and cable protection have the potential to
impact on fish and shellfish ecology by the removal of essential habitats for survival (e.g.,
spawning, nursery and feeding habitats).

MAGNITUDE OF IMPACT

10.7.317.The presence of the anchors and OEP foundations and the associated scour protection, along
with the cable protection measures used at cable crossings and areas where cable burial is
not practicable, will lead to a change from a sedimentary habitat to one characterised by hard
substrate. Dynamic inter-array cable mooring lines are also predicted to have a strimming
impact on the seabed which will lead to seabed change. This will be either a long-term habitat
loss (for the approximately 35-year design life duration of the Proposed Development) or a
permanent change and is therefore considered an impact of the operational phase of the
development and potentially beyond. It is assessed here as habitat loss and a potential
adverse impact (due to the potential shift in the baseline condition).

10.7.318.Table 10-16 identifies the worst-case design scenario for foundation, scour, anchor and cable
protection footprint. The total habitat loss arising from these components would be 2.2 km?,
which equates to approximately 1.1% of the subtidal habitat within the Proposed
Development. Total maximum area of seabed lost from dynamic inter-array rubbing against
the seabed strimming impact is 6,700 m2.

10.7.319. A change of subtidal biotopes to hard infrastructure/substratum would alter the character of
the biotope leading to reclassification and the loss of the sedimentary community. However,
while the impact will be locally significant and comprise a permanent change in seabed habitat
within the footprint of the structures and scour and cable protection, the footprint of the area
affected is highly localised. Furthermore, as the habitats and characterising biotopes are
common and widespread throughout the wider region the loss of these habitats is assessed
as barely discernible. However, for sandeel, the replacement of sediment habitat to hard
infrastructure/substratum would result in loss of habitat and suitable spawning habitat for
herring.

10.7.320. The impact is predicted to be of local spatial extent (i.e., within the boundaries of the Proposed
Development), of long-term duration, continuous and irreversible (within the lifetime of the
Proposed Development). No permanent habitat loss is anticipated in the intertidal area of the
offshore ECC because HDD is planned under the intertidal zone. Although the Array Area is
situated adjacent to Turbot Bank NC MPA, an area of sandy sediment designated for sandeel,
the impact is unlikely to extend into the protected area due to its highly localised nature. As a
result, the magnitude of the impact is deemed to be low.

SENSITIVITY OF RECEPTOR

10.7.321.Sandeel are demersal spawners and are reliant upon the presence of suitable substrates for
spawning (i.e., sandy sediments); as well as laying demersal eggs, sandeel also have specific
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habitat requirements throughout their juvenile and adult life history. Sandeel habitats are
widely distributed across the northern North Sea. The overlap of the Proposed Development
with sandeel spawning grounds is small compared to the overall extent of spawning grounds
across the southern North Sea. Taking into account their substrate dependency, their
ecological value as prey species, and their broad spatial distribution across the northern North
Sea, sandeel are consequently deemed to be of high vulnerability to long-term changes in
substrate, with limited ability for recovery, and of national importance within the northern North
Sea (including designation in Turbot Bank NC MPA), and therefore are considered to be of
medium sensitivity.

10.7.322.Herring are also demersal spawners, reliant upon the presence of suitable substrates for
spawning (i.e., gravelly sediments). Herring spawning habitats are widely distributed across
the northern North Sea. In addition, the overlap of the Proposed Development with herring
spawning grounds is small compared to the overall extent of the historic Buchan herring
spawning ground across the northern North Sea (overlap of the Proposed Development with
approximately 10 % of the Buchan herring spawning grounds (NMPi, 2015, as categorised by
Coull et al., 1998). It should be noted however, that the Coull et al. (1998) data represent
historical spawning grounds, which may be recolonised in the future, whereas the IHLS data
(ICES, 2009-2021) provide an indication of the areas of seabed in active use for spawning.
As evidenced by annual IHLS data (ICES, 2009/2010-2022/2024) the main spawning of
Buchan herring stock is to the western side of the Proposed Development, where there is the
potential for some localised impacts from long term habitat loss, due to there being the
potential for herring spawning habitat within the offshore ECC and Array Area that may
experience long-term habitat loss. Herring is deemed to be of medium vulnerability to long-
term habitat loss, and of regional importance within the northern North Sea, and therefore are
considered to be of medium sensitivity.

10.7.323. Certain types of shellfish that have low mobility, such as brown crabs, lobsters, and scallops,
may face temporary risks from habitat disturbance during construction activities. However,
these species are able to relocate to adjacent areas after being displaced. While construction
could impact a localised area of the seabed in the short term, the shellfish are expected to
recolonise the affected habitat once construction is complete and normal conditions are
restored. The shellfish industry within the region is still considered significant, but the
moderate vulnerability of these species is mitigated by their capacity to avoid permanent
impacts by relocating. Given the ability of these species to move to nearby suitable habitat,
the overall sensitivity of shellfish populations to long-term habitat loss or disturbance is
evaluated as low.

10.7.324.Cod, plaice, whiting, lemon sole, mackerel, common sole and sprat are pelagic spawners and
do not display substrate dependency, and therefore are not considered vulnerable to
temporary habitat loss and as such the sensitivity of these species is considered to be
negligible.

10.7.325.Mobile VERs such as elasmobranchs and diadromous species (without spawning grounds
within the vicinity of the Proposed Development) do not display substrate dependency, and
therefore are not considered vulnerable to long-term habitat loss and as such the sensitivity
of these species is considered to be negligible.

SIGNIFICANCE OF EFFECT

10.7.326.The overall significance of the effect on each VER group has been summarised in Table
10-55. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity
of receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.




@e MUIR MHOR

Table 10-55 Significance of effect of permanent and/or long-term habitat loss/alteration due to the addition of
infrastructure to the area.

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Medium Minor
Demersal spawning - Sandeel Low Medium Minor
Pelagic spawning - Cod, plaice, Norway Low Negligible Negligible

pout, lemon sole, sprat, Atlantic mackerel,
European hake, blue whiting, anglerfish,
ling, saithe, haddock and whiting.

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Negligible Negligible
porbeagle, spurdog, starry smooth-hound,

tope shark, spotted ray, common skate,

thornback skate

Diadromous - Atlantic salmon, European Low Negligible Negligible
eel, sea lamprey, river lamprey, twaite
shad, allis shad, brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.327.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 7 - EMF IMPACTS ARISING FROM CABLES DURING
OPERATIONAL PHASE

10.7.328.EMFs are produced as a result of the electricity passing through the cables (inter-array and
export cables). EMFs will result from operation of up to 250 km of inter-array cables, 3 km of
interconnector cables, and up to 270 km of export cables. Three different EMF types can be
generated by offshore wind cables: electric fields (E fields); magnetic fields (B fields); and
induced electric fields (iE fields). Industry standard offshore wind cables all contain shielding
which prevents E fields from passing into the marine environment and as such, these are not
considered any further.

MAGNITUDE OF IMPACT

10.7.329.Many fish and shellfish species are thought to be able to sense electric and magnetic fields,
with some species having developed specialised organs to facilitate this. The most well-known
example of these is the Ampullae of Lorenzini in elasmobranchs, with this group of animals
using electroreceptors to find prey. iE fields may cause either attraction or repulsion, with
varying strength fields having been demonstrated to cause both reactions (Gill and Taylor,
2001; Yano et al., 2000; Kimber et al., 2011; Kalmijn, 1982). The threshold for the change
between attraction and avoidance of E fields in elasmobranchs is considered to be between
400-1,000 pVv/m (reviewed in CMACS, 2012) and these levels would only likely be found at or
within 1-2 m of the seabed for a cable buried at 1 m. For deeper burial, the iE field at the
seabed would be correspondingly lower.

10.7.330.1n a review by Tricas and Gill (2011) it was noted that the sensitivity of elasmobranchs to iE
fields was highest at frequencies of 1-10 Hz, with a broader response frequency range of
0.01-25 Hz where fields intensities of 10 times or greater were required to elicit a reaction.
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This suggests that weak fields such as those generated by offshore wind AC cables are likely
to be mostly undetectable.

10.7.331. Some fish species are known to have magneto-receptors, with this thought to primarily be for
the purposes of navigation (Walker et al., 2007). However, most of the research to date on
magneto-reception in fish has been undertaken in migratory species such as Salmonidae,
Anguillidae and Scombridae, with information on other species being limited (reviewed in
Tricas and Gill, 2011). There have been suggestions (Gill and Kimber, 2005) that the presence
of magnetic fields generated by cables may interrupt navigation and consequently migration.

10.7.332.EMFs monitored around subsea electricity cables have been shown to attenuate exponentially
vertically and horizontally away from the cables, with the magnetic field generated by the
cables typically having reached zero within 10 m of the cable (reviewed by Tricas and Gill,
2011). Burial of the cables and protection with cable protection where shallow buried or
surface laid will not reduce the strength of the fields, however, it moves the cables further from
the receptors, and as such the receptors will be subject to reduced field strengths.

10.7.333.Floating WTGs use dynamic inter-array cables which are primarily suspended within the water
column, instead of along the sea floor unlike inter-array cables associated with traditional fixed
foundation WTG. Some portion of the dynamic inter-array cables will be on the seafloor and
will be buried but the majority will be in the water column. While field studies have been
conducted on the impacts of EMF from cables buried in the seabed (Hutchison et al., 2018),
there is a limited understanding of the EMF impacts of cables suspended in the water column
as will be the configuration for floating WTG inter array cables (Gill and Desender, 2020;
Hutchison et al., 2020b). The suspended cables do not have a buffer of sediment between
the cables and marine organisms in the water column, as there would be if the cables were
buried in the seabed (Farr et al., 2021). This proximity of the suspended cables to pelagic
species means there is potential for greater interaction and impact compared to buried cables.
More work needs to be done to understand attraction or aversion impacts of suspended
cables, particularly on pelagic species (Taormina et al., 2018). Careful consideration is
needed to accurately characterise the potential impacts of suspended inter-array cables on
marine life.

10.7.334.While the suspended inter-array cables have a reduced buffer compared to buried cables, the
higher exposure is limited to a relatively small cylindrical area around the cables, typically
within 1m radius. This higher exposure zone comprises a small portion of the overall three-
dimensional marine environment. Furthermore, the EMF values reported for buried cables are
generally measured at 1 m above the cable, which may overestimate the exposure levels
experienced by most marine organisms in the water column. Therefore, while the suspended
cables present a slightly higher exposure risk compared to buried cables within this localised
area, the overall magnitude of the impact is still considered low when taking into account the
spatial extent and the actual exposure levels experienced by marine organisms in the broader
marine environment.

10.7.335. Despite EMF being emitted throughout the life cycle of the Proposed Development, measures
will be implemented to mitigate exposure to EMF emissions from the Proposed Development
(Table 10-14). These measures will include cable burial and/or the implementation of cable
protection measures. These actions will be carried out in accordance with management plans,
including the CaP, to reduce the impact of EMF emissions on surrounding environments and
organisms. In instances where cables cannot be buried, as such with inter-array cables
between WTGs, regularly monitoring the inter-array cables for deterioration allows for early
detection and repair of any damage, maintaining the cable shielding and reducing the duration
and extent of EMF emission. As a result of this and the local spatial extent of EMF, it is defined
as being of low magnitude of impact for all fish and shellfish VERSs.
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10.7.336.Elasmobranchs (sharks, skates and rays), especially demersal species, are known to be the
most electro-receptive of all fish. A study commissioned by the MMO (2014) found no
evidence to suggest that EMF posed a significant risk to elasmobranchs at the site or
population level. A recent study by Hutchison et al. (2020) observed an increase in
exploratory/foraging behaviour in little skate Leucoraja erinacea in response to EMF. Several
elasmobranch species identified in the study area, including the common skate, thornback
ray, and tope sharks, are listed on the IUCN Red List. Due to their conservation status, these
species are considered high-value receptors. As such, elasmobranch species are considered
to be of medium sensitivity to EMF.

10.7.337.Studies on European eel have shown some deviation from migratory routes in response to
low (5 uT) DC B fields, however, the impacts were short-term and short scale and not thought
to impact on overall migration (Westerberg, 2000; Ohman et al., 2007). Interestingly, no
impacts were seen in European eel from AC fields of 9.6 pT (Orpwood et al., 2015),
suggesting that there may be differences in impacts between DC and AC cabling, although it
should be noted that the Proposed Development is only using AC cables. A review of potential
impacts of EMF on migratory fish for Scottish Natural Heritage (Gill and Bartlett, 2010)
identified that there was insufficient evidence to be able to confirm whether any impacts would
arise from the field strengths generated by offshore windfarm cabling. Taking this into
consideration, it is considered unlikely that EMF will impact any migratory behaviours, and
therefore migratory species are deemed to be of low sensitivity to impacts from EMF.

10.7.338.Unlike shark and ray species, migratory fish like salmon and eels do not have specialized
cells to detect magnetic fields. Instead, they contain magnetically sensitive material within
their skeletal structure, which they use as a navigational tool for migration. If their migration
routes cross offshore wind farm cable routes, there is potential for the electromagnetic fields
(EMFs) from the cables to affect their behaviour, especially in shallow waters less than 20
meters deep (Gill, et al. 2012). This could lead to avoidance behaviour, delaying their
migration. However, studies have shown varying results, so the extent of EMF impacts on
migratory fish is currently unclear (Gill & Bartlett, 2010). Species sensitive to electromagnetic
forces may be receptive to man-made EMFs that fall within the range of natural geomagnetic
fields, which range from around 25 to 65 microteslas globally (Hutchison et al, 2020).

10.7.339. Most migrating salmon swim in the top 5 m of the water column (Godfrey et al., 2014), so they
would not likely encounter EMFs from buried cables on the seabed. However, the foundations
for the wind turbines will likely be deeper than 5m, so depending on how the cables connect
to the foundations, migratory fish could potentially encounter EMFs from these cable sections.
Sea trout, also sensitive to magnetic fields and found at depths up to 190 m (MarLIN, 2022d),
could encounter cable EMFs as well. However, the area affected by cable EMFs is relatively
small compared to the wider study area. A study found no evidence that EMFs affected
movements or behaviour of migratory fish (Armstrong et al., 2015).

10.7.340. Another study concluded Atlantic salmon showed no identifiable behavioural response to
magnetic fields up to 95 microteslas (Armstrong et al., 2015). Field surveys on an HVAC cable
found measured magnetic fields up to 3.1 microteslas at full power, which was not high
enough to be of concern for sharks, rays and skates (Hutchinson et al., 2018).

10.7.341.The migratory fish species are of international importance, with low sensitivity to the
anticipated low levels of EMF emissions. High EMF levels could potentially impact their
migration, but the low, localised levels expected here are considered a low magnitude of
impact. Low EMF levels are anticipated from both the export and inter-array cables due to
burial, protection measures, and management plans, including the CaP (Prysmian, 2022).
Therefore, migratory fish are considered to have a low sensitivity to EMFs.
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10.7.342. A specific investigation conducted on lobsters revealed significant responses to EMF,
although no evidence suggested a correlation between the responses and areas with high or
low EMF. Instead, the study indicated an overall reaction (Hutchison et al., 2020). It's
noteworthy that this study focused on HVDC cables operating at 300 kV and 500 kV,
generating magnetic fields much stronger than the Earth's magnetic field. Consequently,
these findings cannot be directly compared to the proposed HVAC 275 kV offshore export
cables or inter-array cables for the Proposed Development. Another recent study on lobsters
and edible crabs found no impact of EMF on embryonic development time, larval release time,
or vertical swimming speed for either species. However, exposure during embryonic
development led to increased larval deformities and reduced swimming test success rates
among lobster larvae (Harsanyi et al., 2022). This study also examined exposure to
2.8 Millitesla (mT) of EMF, significantly higher than that emitted by the proposed cables, thus
making direct comparisons inappropriate.

10.7.343.Similarly, a recent laboratory investigation on brown crab (Scott et al., 2021) showed no
adverse physiological or behavioural impacts at magnetic field strengths of 250 uT, but
adverse physiological impacts were observed at 500 uT and above. Despite responses at
these higher levels, the magnetic fields emitted by the proposed cables would not reach such
magnitudes, as previously discussed. It's worth noting that while the EMFs measured at the
surface of the cables could be as high as 500 uT, they rapidly diminish to around 20 T at
1 meter away from the cables. Therefore, the EMF levels emitted by buried or protected
cables are considered irrelevant for assessing impacts on marine organisms.

10.7.344.For cables, the area of impact becomes crucial, considering the three-dimensional impact and
the surrounding environment subjected to the EMF. Additionally, the time of exposure is a
critical factor, as no larvae in the marine environment would remain close enough to the cables
for an extended period to result in any impacts.

10.7.345.Overall, research since 2016 regarding invertebrates generally aligns with previous studies
showing minimal or no impacts from exposure to EMFs (Albert et al., 2020). The shellfish
species potentially inhabiting the study area are considered to have low sensitivity to the EMF
levels emitted by the cables.

SIGNIFICANCE OF EFFECT

10.7.346.The overall significance of the effect on each VER group has been summarised in Table
10-56. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity
of receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-56 Significance of effect of EMF impacts arising from cables during operational phase.

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Low Negligible
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, plaice, Low Low Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting.

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Medium Minor
porbeagle, spurdog, starry smooth-
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Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Low Low Negligible

European eel, sea lamprey, river
lamprey, twaite shad, allis shad,
brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.347.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in

Section 10.6) is not significant in EIA terms.

IMPACT 8 - GHOST FISHING DUE TO LOST FISHING GEAR
BECOMING ENTANGLED IN INSTALLED INFRASTRUCTURE

10.7.348.Drift nets and other passive fishing gear have a risk of becoming lost or abandoned at sea,
leading to Ghost Fishing Gear (GFG) that continues to trap and kill marine life indefinitely.
This ghost fishing could become exacerbated were lost gear to become entangled in floating
offshore wind farm infrastructure like inter-array cables and anchor mooring lines. Additionally,
the presence of new offshore infrastructure can create obstacles and spatial conflicts for
fishing vessels, increasing the likelihood of gear loss and entanglement. The potential
introduction of GFG in these structures may have a negative impact on fish populations,
causing direct mortality to larger species through entanglement as well as disrupting essential
behaviours like feeding and migration. The physical entanglement of ghost gear can also
damage sensitive benthic habitats that fish rely on, degrading the overall health and
productivity of the ecosystem and potentially shellfish habitat.

MAGNITUDE OF IMPACT

10.7.349. According to the literature review by Ocean Science Consulting Limited, while there is limited
data on the actual rate of gear snagging on floating structures and the resulting animal
entanglement, it is not known if this will pose a significant risk for populations. The report notes
that this is an area that requires further monitoring and research. The report by the United
States Natural Resources Defense Council (NRDC) highlights that the extensive underwater
mooring and cable systems of floating OWFs are a unique risk factor that can lead to the
entanglement of marine wildlife, including fish, shellfish, marine mammals, sea turtles, and
diving birds. The report recommends a monitoring approach using multiple methods to track
the incidence and location of entanglements. In addition to entanglement on ghost fishing
gear that is snagged on moorings and cables, larger fish such as sharks (e.g. basking sharks)
may become trapped or injured from entanglement in mooring systems that have either static
or dynamic lines attached, as well as cables. While there is a lack of entanglement data within
the offshore energy sector, making it difficult to determine how often and how severe these
incidents are, it is believed that the highest risk lies within the mooring systems that contain
mooring lines or cables that freely hang in the water column, while another section lies on the

seabed.

10.7.350. While the actual risk is not fully quantified, the potential for significant impacts on marine life
is recognised and monitoring and removal of ghost-fishing gear will minimise the risk of this
impact. The impacts of ghost fishing gear on marine ecosystems are likely to be highly
localised and unlikely to affect communities on a significant scale. Based on a qualitative
assessment of this impact, the magnitude of impact from the introduction of new anchors and
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mooring lines on fish and shellfish ecology due to the increased risk of ghost fishing can be
considered low.

SENSITIVITY OF RECEPTOR

10.7.351.Entanglement in marine debris, particularly ghost fishing gear, poses a significant threat to
sharks and other elasmobranchs. While sharks may be less susceptible to entanglement
compared to marine mammals, this perception is likely due to a lack of research rather than
lower susceptibility. Over the past three decades, it has been widely accepted that species
with long lifespans, late sexual maturity, low fecundity, and slow growth rates are of the
highest concern for ghost fishing gear-related mortalities. Sharks, which exhibit these life
history characteristics, are known to be present around offshore structures, sometimes in very
high densities, increasing their potential exposure to marine debris. Therefore, the sensitivity
of this receptor group is considered medium.

10.7.352. Shellfish communities may be at risk of increased smothering, introduced by entanglement in
ghost gear disturbing the seabed. Some larger diadromous migratory species, like salmon
and eels, may also be at risk of entanglement as they move between freshwater and marine
environments. However, as the magnitude of impact, as described above, are likely to be
highly localised and unlikely to affect communities on a significant scale, the sensitivity of all
other receptors is deemed to be low.

SIGNIFICANCE OF EFFECT

10.7.353.The overall significance of the effect on each VER group has been summarised in Table
10-57. Overall, the magnitude of impact is deemed to be low, and the maximum sensitivity of
receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-57 Significance of effect of ghost fishing due to lost fishing gear becoming entanglement in installed
infrastructure

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Low Negligible
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, plaice, Norway Low Low Negligible

pout, lemon sole, sprat, Atlantic mackerel,
European hake, blue whiting, anglerfish,
ling, saithe, haddock and whiting.

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Medium Minor
porbeagle, spurdog, starry smooth-hound,

tope shark, spotted ray, common skate,

thornback skate

Diadromous - Atlantic salmon, European Low Low Negligible
eel, sea lamprey, river lamprey, twaite
shad, allis shad, brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.354.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.




@e MUIR MHOR

IMPACT 9 - INTRODUCTION OF NEW HARD SUBSTRATES AND
POTENTIAL FOR FISH AGGREGATION

10.7.355. Offshore wind farm infrastructure can create new habitats for fish and shellfish species, acting
as artificial reefs (Degraer et al., 2020). The introduction of hard structures alters previously
soft sediment areas, attracting new species and increasing habitat complexity and
biodiversity. Offshore wind farms may also function as Fish Aggregation Devices (FADs),
concentrating fish stocks in a particular area rather than increasing overall productivity (Inger
et al., 2009). However, studies suggest that these artificial reefs can provide food and refuge,
potentially increasing the productivity of the area (Langhamer and Wilhelmsson, 2009;
Wilhelmsson et al., 2006; Linley et al., 2007). The reef or aggregation impact is expected to
be most significant in homogeneous sandy areas, while less aggregation is anticipated in
more heterogeneous substrates (Xoubanova and Lawrence, 2022). Floating structures and
their associated moorings hold potential to function as artificial reefs and FADs, concentrating
fish from the surrounding area in a smaller zone. The change in habitat complexity and
biodiversity, and therefore food resource, can lead to indirect impacts to fish and shellfish
populations.

MAGNITUDE OF IMPACT

10.7.356.The extent of the reef or aggregation impact is anticipated to be most pronounced in areas
with homogeneous sandy substrates hosting WTGs. Conversely, in regions with more
heterogeneous substrate, the installation of WTGs is expected to result in less aggregation
(Xoubanova and Lawrence, 2022). The total area of hard substrate introduced by the
Proposed Development equates to 6.9 km? which represents 3.45% of the subtidal habitat
within the Proposed Development. This includes 3.8 km? of hard substrate on the seabed and
3.1 km? in the water column.

10.7.357.The current understanding of the reef and fish aggregation impacts associated with offshore
renewable developments is mixed, according to Xoubanova and Lawrence (2022). Post-
construction monitoring at operational UK offshore wind farms has not led to clear conclusions
on potential reef or aggregation impacts (MMO, 2014). However, longer-term monitoring at
European wind farms suggests changes in fish communities. For example, at the Horns Rev
1 offshore wind farm in Danish waters, where fishing is prohibited, monitoring found no
adverse impacts on fish communities. Instead, there was higher fish abundance within the
wind farm, increased diversity near WTGs, and no reduction in the abundance of sandeels, a
species preferring sandy sediments (Stenberg et al., 2011; 2015). These findings indicate a
positive impact of offshore wind farm infrastructure on local fish populations and biodiversity.

10.7.358. According to the worst-case design scenario (Table 10-16) the maximum surface area of hard
substrate of the offshore equates to approximately 7 km? throughout its approximately 35-
year operation and maintenance stage. However, the surfaces provided by floating
substructures, anchors, and mooring lines offer minimal area for colonisation compared to
fixed foundation substructures. Consequently, the artificial reef effects in the study area is
expected to be modest, unlikely to significantly boost productivity. Measures will be taken to
minimise the footprint of cable protection by burying cables wherever feasible (Table 10-14).
Additionally, measures such as applying low-toxicity anti-fouling paint to floating substructures
and fitting them, along with mooring lines and anchors, with cathodic (anode) protection to
reduce corrosion risks, will be implemented. Regular inspection of substructures, anchors,
and mooring lines will be conducted, and removal of marine growth will be performed using
water jetting tools if significant accumulation is observed. Considering the heterogeneous
seabed across the Proposed Development, the introduction of hard substrate is considered
unlikely to result in any substantial reef or aggregation impacts. If reef or aggregation impacts
do occur, existing literature suggests that these will be in discrete areas only (<50 m)
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(Methratta, 2021). Overall, the impact is considered continuous, long-term (approximately 35
years), and of local spatial extent, defining it as being of low magnitude of impact.

SENSITIVITY OF RECEPTOR

10.7.359. Typically, research indicates that OWFs are not expected to result in adverse impacts on
pelagic species due to reef and aggregation impacts. Given that floating structures introduce
less hard substrate to the marine environment compared with fixed structures, pelagic species
are believed to be minimally affected by this. Therefore, their sensitivity to such impacts is
assessed to be low.

10.7.360.Pelagic spawners (cod, plaice, whiting, lemon sole, mackerel, sole, sprat) with spawning
grounds overlapping the Proposed Development are widespread across the southern North
Sea and do not display substrate dependency (unlike herring and sandeel). The introduction
of hard substrate can lead to the provision of shelter and increased food availability,
particularly benefiting higher trophic level species (Degraer et al., 2020). A study by Reubens
et al., (2013a; 2013b) observed elevated catches of cod at an operational wind farm site in
the Belgian part of the North Sea as cod congregated around WTG foundations and areas
with hard substrate. The introduction of hard substrate such as scour or cable protection could
lead to the displacement of fish species that prefer sandy substrates, such as sandeel.
However, monitoring studies generally indicate that the potential reef and aggregation effects
associated with offshore wind farms are unlikely to result in adverse effects for marine finfish
species (Methratta and Dardick, 2019). Pelagic and demersal fish are of regional importance,
are considered to have a low vulnerability, high recoverability to the impact associated with
the colonisation of hard substrate. As a result of this, pelagic receptors are of low sensitivity
to this impact.

10.7.361. Sandeel preferred habitats and spawning areas are typically dominated by coarse sediments
and sandy habitats. Due to specific habitat requirements of sandeel, their broad spatial
distributions across the southern North Sea and their ecological value as key prey species,
they are considered to be of low vulnerability to the introduction of hard substrate, with high
ability for recovery, and of regional importance. As a result of this, sandeel are of low
sensitivity to this impact.

10.7.362.Herring are also demersal spawners, reliant upon the presence of suitable substrates for
spawning (i.e., gravelly sediments). Herring spawning habitats are widely distributed across
the North Sea. The overlap of the Proposed Development with historic herring spawning
grounds is small compared to the overall extent of the Buchan spawning ground across the
North Sea (Coull et al., 1998). It should be noted however, that as stated in paragraph 38, the
Coull et al. (1998) data represent historical spawning grounds, which may be recolonised in
the future, whereas the IHLS data (ICES, 2009-2023) provide an indication of the areas of
seabed in active use for spawning. Herring is deemed to be of low vulnerability, high
recoverability to the colonisation of hard substrate, and of regional importance within the North
Sea, and therefore are considered to be of low sensitivity.

10.7.363.Many elasmobranchs are carnivorous, preying on bottom-dwelling invertebrates and fish.
They may gain advantages from the presence of introduced hard substrates, which can
provide shelter and increase the availability of their prey. However, studies monitoring the
impacts of these wind farms have found that the potential benefits of the artificial reefs and
fish aggregations they create, as well as the presence of predators, are unlikely to negatively
impact elasmobranch populations. Some elasmobranch species within the Proposed
Development area are of international importance, considered to have a low vulnerability to
this impact. Therefore, the sensitivity of elasmobranchs is assessed to be low.

10.7.364. Several diadromous fish species may migrate through the Proposed Development, either as
juveniles (e.g. post-smolts) or adults. As described in the sections above, it is likely that higher
trophic levels will benefit most from any potential reef or aggregation impacts associated with
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the Proposed Development. For example, Reubens et al. (2013a; 2013b) demonstrated that
cod (a piscivorous fish that preys on Atlantic salmon post-smolts) catches at an operational
wind farm site in the Belgium part of the North Sea were higher than adjacent areas, as cod
aggregated around WTG foundations and over areas of hard substrate. Studies on seals also
indicate that operational wind farms may act as a foraging habitat (Russell et al., 2014).
Therefore, an increase in piscivorous fish and other predators (e.g. seals) may occur at the
Proposed Development and could increase predation of diadromous fish as they migrate
through the Proposed Development area. A change in predation has been cited as a key
driver of the reduced Atlantic salmon and sea trout post-smolt survival in the Baltic Sea
(Friedland et al., 2017). Both Scottish Atlantic salmon and sea trout populations are in decline,
and predation as post-smolts during the early stages of migration could result in a substantial
degree of mortality and impact adult returns (Gillson et al., 2022). The aggregation of post-
smolts at the Proposed Development, and therefore the potential importance of the area for
Atlantic salmon and sea trout remains uncertain, and therefore, the relative impact of any
increased predation at the Proposed Development is unclear. However, current evidence
indicates that Atlantic salmon post-smolts from rivers on the East coast of Scotland are likely
to migrate in an easterly direction, and therefore, are likely to pass through the Proposed
Development. However, although uncertain, it is considered unlikely that a substantial portion
of post-smolts from Scottish rivers will migrate through the Proposed Development, given the
wider availability of habitat along the east coast of Scotland. Overall, diadromous fish are
nationally to internationally important receptors and are considered to have a high vulnerability
to this impact, due to the potential for increased predation on juveniles which can have wider
impacts on adult returns. Therefore, diadromous fish are assessed to be of high sensitivity.

10.7.365. Certain types of shellfish may experience advantages from an increase in solid surfaces by
creating safe havens. For example, Krone et al. (2017) found that monopile foundations
equipped with protective measures against erosion hosted around 5,000 brown crabs per
foundation, twice the amount compared to those lacking such protection, in the German Bight,
North Sea. Moreover, the wind farm served as a breeding ground for brown crab (Krone et
al., 2017). Overall, the shellfish population within the Proposed Development holds significant
commercial value at a regional level and exhibits low susceptibility to these impacts. Hence,
their sensitivity is evaluated as low.

SIGNIFICANCE OF EFFECT

10.7.366. The overall significance of the effect on each VER group has been summarised in Table
10-58.The magnitude of the impact is deemed to be low and the maximum sensitivity of the
receptor is high. The impact will, therefore, be of minor significance, which is not significant
in EIA terms.

Table 10-58 Significance of effect of introduction of new hard substrates and potential for fish aggregation

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Low Negligible
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, plaice, Norway Low Low Negligible

pout, lemon sole, sprat, Atlantic mackerel,
European hake, blue whiting, anglerfish,
ling, saithe, haddock and whiting.

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, Scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Low Negligible
porbeagle, spurdog, starry smooth-hound,
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Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect

tope shark, spotted ray, common skate,
thornback skate

Diadromous - Atlantic salmon, European Low High Minor
eel, sea lamprey, river lamprey, twaite
shad, allis shad, brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.367.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 10 - UWN AND VIBRATION FROM OPERATIONAL WTGS
AND VESSELS

10.7.368.UWN levels during the operational phase are predicted to be considerably lower than those
of the construction phase, being limited to noise from operational turbines and maintenance
vessel traffic. However, floating OWFs introduce new potential sources of UWN that are not
present in fixed-bottom OWFs. A study by Risch et al. 2023 indicate that during higher wind
speeds, the number of impulsive sounds or transients from mooring-related structures
increased at floating OWF sites, suggesting that the mooring system design can significantly
impact the UWN profile. Additionally, the dynamic motion of floating platforms may generate
noise as the inter-array cables connecting the turbines to the seabed move through the water
column, and as the anchors or mooring lines interact with the water.

MAGNITUDE OF IMPACT

10.7.369.UWN from an operational turbine mainly originates from the gearbox and the generator and
has tonal characteristics (Madsen et al., 2005; Tougaard et al., 2009). The radiated levels are
low and the spatial extent of the potential impact of the operational wind farm noise on marine
receptors is generally estimated to be small and thus unlikely to result in any injury to fish
(Wahlberg and Westerberg, 2005). Besides the sound source level, the potential for impact
will also depend on the propagation environment, the receptor’'s hearing ability and the
ambient sound levels.

10.7.370.Marine animals may perceive the radiated tonal components where they exist above the
ambient noise levels, which may result in a behavioural response of the receptor or lead to a
reduced detection of other sounds due to masking. Previous studies show that behavioural
responses of fish are only likely at close ranges from the turbine, (i.e., a few metres) (Wahlberg
and Westerberg, 2005).

10.7.371. Although impacts on fish are difficult to establish given the lack of information available in the
scientific literature, there is indicative evidence that fish would be unlikely to show significant
avoidance to the noise levels radiating from the turbine. ICES has formulated
recommendations for maximum radiated UWN from research vessels which are
approximately 30 dB above the hearing threshold of cod and herring (Mitson, 1995). The
implication of this is that the presence of continuous noise that is not significantly above the
hearing threshold of fish is not thought to cause any significant movement of fish away from
the source. Studies of very low frequency sound have indicated that consistent deterrence
from the source is only likely to occur at particle accelerations equivalent to a free-field sound
pressure level of 160 dB re 1yPa (RMS) (Sand et al., 2001). This is higher than the noise
levels reported in the open literature and for operational OWFs measured at a number of
ranges, all within a few hundred metres of the turbine (Nedwell et al., 2007a; Edwards et al.,
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2007; Betke et al., 2004, see also Wahlberg and Westerberg, 2005 and Madsen et al., 2006).
Using the Tougaard et al. (2020) calculator for noise from operational WTGs, this would
suggest an upper limit of 133 dB re 1 pPa (Lp) at 150 m for floating turbines at the Proposed
Development. Using this extrapolated level and the Popper et al. (2014) criteria for continuous
noise, the TTS threshold of 158 dB (Lp) would require an individual to be closer than 20 m for
12 hours continuously.

10.7.372.The particle acceleration resulting from an operational wind turbine has also been measured
by Sigray et al. (2011) with the resultant levels being considered too low to be of concern for
behavioural reactions from fish. Furthermore, the particle acceleration levels measured at
10m from the turbine were comparable with hearing thresholds. Whilst limited, the available
data provides an indicator that operational wind turbines are unlikely to result in disturbance
of fish except within very close proximity of the turbine structure, as postulated by Wahlberg
and Westerberg (2005). However, the available measurement data is mostly for smaller
turbines (up to 1.5 Mega Watt (MW)), and it would be expected that larger wind turbines would
result in different acoustic characteristics, with foundation type also having an influence on
the acoustic characteristics of the noise radiated from the structure.

10.7.373.There is little empirical data for the operational noise produced by floating WTGs. For
example, Tougaard et al. (2020) and the study by Stdéber and Thomsen (2021) did not
consider any floating designs and reliable noise thresholds are recommended to identify
disturbances from rare or intermittent impulses of this type. Mooring lines have been
described as producing a "snapping" noise related to tension release (Jasco et al., 2011).
According to Jasco (2011), up to 23 snaps were identified per day at the Hywind Test site.
Over two months of monitoring, fewer than 10 snaps exceeding 160 dB re 1 yuPa (Lp) at 150
meters from the WTG were recorded on most days. Since any snapping occurs at an average
rate of less than one snap per hour, disturbance leading to avoidance behaviour is considered
unlikely. Additionally, this prediction includes worst case assumptions (e.g., all WTGs
producing the maximum number of snaps daily, equivalent noise levels from multiple locations
affecting a receptor equally) and is below any injury criteria for fish.

10.7.374.As well as relatively low noise levels from the operational machinery in a variety of conditions,
measurements taken by Jasco (2011) for Statoil in Norway identified what appeared to be a
“snapping” noise that was thought to be related to tension release in the mooring system,
although this has not been verified. It is understood that the mooring cables are designed to
be permanently in tension such that no line should ever go into slack, even in extreme
conditions, partly to avoid the risk of entanglement of marine mammals (Statoil, 2015). If the
cables are the source of the noise, this will be caused by the specific circumstances at the
HYWIND 1 project: that is, the depth of water, length of cables in use, current and current
fluctuations. The findings at HYWIND 1 were isolated, and it does not necessarily follow that
this will occur at the Proposed Development but does not rule out the potential for it either.
Unless there was further evidence that other floating WTG moorings, or some other noise
source associated with the WTGs, is shown to create this snap then it may be an anomaly or
potentially even an artifact of the monitoring system (although the latter is unlikely).

10.7.375.According to Jasco (2011), up to 23 of these snaps were identified per day. Over the two
months of monitoring undertaken by Jasco, less than 10 shaps exceeding 160 dB re 1 uPa
(Lp) at the measurement position, 150 m from the WTG, were identified on most days.

10.7.376.There are no reliable noise thresholds that would be recommended to identify disturbance for
rare/intermittent impulses of this type. As any snapping occurs at an average rate of less than
one snap per hour, disturbance leading to avoidance behaviour is considered unlikely. Noise
would also result from surface vessels servicing the windfarm. However, noise levels reported
by Malme et al. (1989) and Richardson et al. (1995) for large surface vessels indicate that
physiological damage to fish and shellfish is unlikely, although the levels could be sufficient
to cause local disturbance of sensitive marine fauna (e.g., clupeids such as herring and sprat)
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in the immediate vicinity of the vessel, depending on ambient noise levels. Considering the
operational turbine noise of the wind farm and any associated service vessels, the ambient
noise levels within the site would be expected to be lower than those present in the vicinity of
nearby shipping lanes.

10.7.377.The impact is predicted to be of a highly localised spatial extent, long term duration,
continuous and irreversible (during the lifetime of the Proposed Development). It is predicted that
the impact will affect the fish and shellfish receptors indirectly. Due to the extremely localised
spatial extent, the magnitude of impact is therefore considered to be negligible.

SENSITIVITY OF RECEPTOR

10.7.378.The sensitivities of fish and shellfish receptors to UWN were assessed in the construction
phase previously as having a maximum sensitivity of medium (for spawning herring).

SIGNIFICANCE OF EFFECT

10.7.379. The magnitude of the impact is deemed to be negligible, and the sensitivity of the receptor is
medium. The impact will, therefore, be of negligible significance of effect, which is not
significant in EIA terms (see Table 10-59).

Table 10-59 Significance of effect of UWN and vibration from operational WTGs and vessels

Receptor/Location Magnitude of Sensitivity Significance
Impact of Effect
Demersal spawning - Herring Negligible Medium Negligible
Demersal spawning - Sandeel Negligible Low Negligible
Pelagic spawning - Cod, plaice, Norway Negligible Low Negligible

pout, lemon sole, sprat, Atlantic mackerel,
European hake, blue whiting, anglerfish,
ling, saithe, haddock and whiting.

Shellfish - Freshwater pearl mussel, ocean Negligible Low Negligible
quahog, brown crab, scallop, Nephrops,
European lobster

Elasmobranchs -  Basking  shark, Negligible Low Negligible
porbeagle, spurdog, starry smooth-hound,

tope shark, spotted ray, common skate,

thornback skate

Diadromous - Atlantic salmon, European Negligible Low Negligible
eel, sea lamprey, river lamprey, twaite shad,
allis shad, brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.380.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.
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OFFSHORE WIND FARM
DECOMMISSIONING

IMPACT 11 - IICREASES IN SSC AND DEPOSITION OF DISTURBED
SEDIMENTS TO THE SEABED

MAGNITUDE OF IMPACT

10.7.381.Increases in SSC and associated deposition from decommissioning is expected to be of short
duration and a smaller spatial extent compared to construction activities. The magnitude of
impact has therefore been assessed as medium.

SENSETIVITY OF RECEPTOR

10.7.382.Increases in SSC and sediment deposition from the decommissioning works will be similar to
that for construction.

10.7.383. Sensitivities of species already present within the study area will be the same as during the
construction phase (as described or Impact 1). Other species may move into the study area,
due to a change in baseline over the life of the Proposed Development, which are likely to
have a similar sensitivity to those already present.

10.7.384.For the purpose of this assessment the sensitivities of fish and shellfish to increased SSC and
sediment deposition are assumed to be the same as those described in detail under Impact
1.

SIGNIFICANCE OF EFFECT

10.7.385. The overall significance of the effect on each VER group has been summarised in Table 10-60
along with the corresponding magnitude of impact and sensitivity. Overall, the magnitude of
the impact is deemed to be medium, and the maximum sensitivity of receptors is low. The
significance of the effect is therefore considered to be a maximum of minor, which is not
significant in EIA terms.

Table 10-60 Significance of effect of increase in SSC and deposition of disturbed sediment to the seabed

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Medium Low Minor
Demersal spawning - Sandeel Medium Low Minor
Pelagic spawning - Cod, plaice, Medium Low Minor

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting. (Pelagic
swimming)

Shellfish - Freshwater pearl mussel, Medium Low Minor
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Medium Low Minor
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Medium Low Minor
European eel, sea lamprey, river

lamprey, twaite shad, allis shad, brown

trout (Sea trout).
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SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.386.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 12 - TEMPORARY HABITAT DISTURBANCE

MAGNITUDE OF IMPACT

10.7.387. Temporary habitat loss and disturbance from the decommissioning works will be similar to
that for construction and are expected to be of short duration, small spatial extent. The
magnitude of the impact has therefore been assessed as low.

SENSETIVITY OF RECEPTOR

10.7.388. Temporary habitat loss and disturbance from the decommissioning works will be similar (due
to potential for a change in baseline) to that for construction and the sensitivities of fish and
shellfish to temporary habitat loss and disturbance, which are described in detail in Impact 2.

SIGNIFICANCE OF EFFECT

10.7.389. The overall significance of the effect on each VER group has been summarised in Table 10-61
along with the corresponding magnitude of impact and sensitivity. Overall, the magnitude of
the impact is deemed to be low, and the maximum sensitivity of receptors is medium. The
significance of the effect is therefore considered to be a maximum of minor, which is not
significant in EIA terms.

Table 10-61 Significance of effect of temporary habitat disturbance

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Medium Minor
Demersal spawning - Sandeel Low Medium Minor
Pelagic spawning - Cod, plaice, Low Negligible Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting. (Pelagic
swimmers)

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Negligible Negligible
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Low Low Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad, brown

trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.390. No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.
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IMPACT 13 - DIRECT AND INDIRECT SEABED DISTURBANCES
LEADING TO THE RELEASE OF SEDIMENT CONTAMINANTS

MAGNITUDE OF IMPACT

10.7.391. Direct and indirect seabed disturbances leading to release of sediment contaminants from the
decommissioning works will be similar to that for construction. These are expected to be of
short duration, small spatial extent. The magnitude of impact has therefore been assessed as
negligible.

SENSETIVITY OF RECEPTOR

10.7.392.Direct and indirect seabed disturbances leading to release of sediment contaminants from the
decommissioning works will be similar (due to potential for a change in baseline) to that for
construction and the sensitivities of fish and shellfish to the impact are detailed under Impact
3.

SIGNIFICANCE OF EFFECT

10.7.393. The overall significance of the effect on each VER group has been summarised in Table 10-62
along with the corresponding magnitude of impact and sensitivity. Overall, the magnitude of
the impact is deemed to be negligible, and the maximum sensitivity of receptors is medium.
The significance of the effect is therefore considered to be a maximum of negligible, which
is not significant in EIA term.

Table 10-62 Significance of effect of direct and indirect seabed disturbance leading to the release of sediment
contaminants

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Negligible Low Negligible
Demersal spawning - Sandeel Negligible Low Negligible
Pelagic spawning - Cod, Negligible Low Negligible

plaice, Norway pout, lemon sole,
sprat, Atlantic mackerel,
European hake, blue whiting,
anglerfish, ling, saithe, haddock
and whiting. (Pelagic swimming)

Shellfish - Freshwater pearl Negligible Medium Negligible
mussel, ocean quahog, brown

crab, scallop, Nephrops,

European lobster

Elasmobranchs - Basking Negligible Low Negligible
shark, porbeagle, spurdog,

starry smooth-hound, tope

shark, spotted ray, common

skate, thornback skate

Diadromous - Atlantic salmon, Negligible Low Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad,

brown trout (Sea trout).

Eggs and larvae Negligible Medium Negligible
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10.7.394.No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 14 - DIRECT DAMAGE (E.G., CRUSHING) AND DISTURBANCE

10.7.395.Direct damage and disturbance from the decommissioning works will be similar to that for
construction and are of a similar magnitude of impact. The magnitude of the impact and the
sensitivities of fish and shellfish to the impact are detailed under Impact 4.

MAGNITUDE OF IMPACT

10.7.396.Direct damage and disturbance from the decommissioning works will be similar to that for
construction. These are expected to be of short duration, small spatial extent. The magnitude
of impact has therefore been assessed as low.

SENSETIVITY OF RECEPTOR

10.7.397.Direct damage and disturbance from the decommissioning works will be similar (due to
potential for a change in baseline) to that for construction and the sensitivities of fish and
shellfish to the impact are detailed under Impact 4.

SIGNIFICANCE OF EFFECT

10.7.398. The overall significance of the effect on each VER group has been summarised in Table 10-63
along with the corresponding magnitude of impact and sensitivity. Overall, the magnitude of
the impact is deemed to be low, and the maximum sensitivity of receptors is medium. The
significance of the effect is therefore considered to be a maximum of minor, which is not
significant in EIA terms.

Table 10-63 Significance of effect of direct damage (e.g. crushing) and disturbance

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Medium Minor
Demersal spawning - Sandeel Low Medium Minor
Pelagic spawning - Cod, plaice, Low Negligible Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Negligible Negligible
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Low Negligible Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad, brown

trout (Sea trout),
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10.7.399. No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

IMPACT 15 — MORTALITY, INJURY AND BEHAVIOURAL CHANGES
RESULTING FROM UWN ARISING FROM DECOMMISSIONING
ACTIVITY

10.7.400.Decommissioning of offshore infrastructure for the Proposed Development may result in
temporarily elevated UWN levels which may have impacts on fish and shellfish species, with
subsequent impacts on spawning and nursery habitats. These elevated noise levels may be
due to increased vessel movements and removal of the turbine anchors and OEP foundations
with the resulting noise levels dependent on the method used for removal of the foundation.
The decommissioning sequence will generally be the reverse of the construction sequence
and involve similar types and numbers of vessels and equipment. The maximum levels of
UWN during decommissioning would be from underwater cutting required to remove
structures, with piled foundations cut approximately 1 m below the seabed. The noise levels
from this process are expected to be much less than pile driving and therefore impacts would
be less than as assessed during the construction phase.

MAGNITUDE OF IMPACT

10.7.401.The impact is predicted to be of highly local spatial extent, short-term duration, intermittent
and reversible. Based on the information available at the time of writing, and due to the
localised spatial extent, the expected magnitude of impact is considered to be low for all
receptors.

SENSETIVITY OF RECEPTOR

10.7.402. Studies of underwater construction noise (decommissioning) reported source levels which are
similar to those reported for medium sized surface vessels and ferries (Malme et al., 1989;
Richardson et al., 1995). The noise resulting from wind turbine decommissioning employing
abrasive cutting is unlikely to result in any injury, avoidance or significant disturbance of local
marine animals. Some temporary minor disturbance might be experienced in the immediate
vicinity of the decommissioning activity, for example, from dynamically positioned vessels.
The sensitivity of all receptors to underwater noise is a maximum of medium.

SIGNIFICANCE OF EFFECT

10.7.403. Therefore, the significance of the effect is considered to be a maximum of minor, which is not
significant in EIA terms. The overall significance of the effect on each VER group has been
summarised in Table 10-64 along with the corresponding magnitude of impact and sensitivity.

Table 10-64 Significance of effects of UWN as a result of decommissioning activities

Receptor/Location  Magnitude of Impact Sensitivity Significance of Effect
Group 1 Low Low Minor

Group 2 Low Low Minor

Group 3 Low Low Minor

Group 3 Low Medium Minor
(spawning

herring)

Shellfish Low Low Minor
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SECONDARY MITIGATION AND RESIDUAL IMPACT

10.7.404.No additional fish and shellfish ecology mitigation is considered necessary because the likely

effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.

PROPOSED MONITORING

10.7.405.No fish and shellfish ecology monitoring is proposed to test the predictions made within the

assessment of likely significant effects on fish and shellfish ecology receptors as no residual
likely significant effects were predicted during construction, O&M and decommissioning
phases of the Proposed Development, after the application of the secondary mitigation
outlined in Section 10.7 above.

10.7.406. The Developer will engage with MD-LOT, NatureScot, and other relevant key stakeholders to

10.8.

identify and contribute to targeted and proportionate regional or strategic monitoring to better
understand the environmental effects of offshore wind taking account of known evidence gaps
as set out in Evidence Maps published through the ScotMER forum (Scottish Government,
2024) or any successor programme formed to facilitate these research interests, or any
developer-led regional groups. This monitoring commitment will be secured in the Section 36
Consent and associated Marine Licences via the requirement for a Project Environmental
Monitoring Programme (PEMP).

WHOLE PROJECT ASSESSMENT

10.8.1.

10.8.2.

The Proposed Development’s infrastructure and activities are the focus of this EIAR.
However, where the potential exists for onshore elements of the Project (the onshore
infrastructure landward of MLWS) to impact the offshore receptors, these have been identified
and assessed below in the Whole Project Assessment (WPA).

A separate onshore EIAR is being prepared which will provide a description of the onshore
elements of the Project landward of MLWS, and an assessment of the associated LSE.

CONSTRUCTION

ONSHORE

10.8.3.

10.8.4.

10.8.5.

The onshore Proposed Development will undertake HDD operations above MHWS, with an
HDD exit point offshore (i.e. below MLWS). The impacts from the HDD exit point on fish and
shellfish ecology receptors have been assessed in full in Section 10.7. Although a number of
fish species are migratory (such as salmon and European eel) and will utilise the rivers and
estuaries in the vicinity of the Proposed Development, there are not anticipated to be any
onshore project activities that have the potential to impact these migratory species.

It is not anticipated that there will be any additional impacts from the onshore Proposed
Development on fish and shellfish ecology receptors as all other activities from the onshore
Proposed Development are fully terrestrial.

There is no potential for additive impacts between the onshore and offshore activities
associated with the Project on fish and shellfish ecology receptors during construction.
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OPERATION AND MAINTENANCE

ONSHORE

10.8.6.

No continuous deposits or releases from onshore aspects of the Project into the marine
environment are anticipated during the O&M phase of the Proposed Development.

10.8.7. There is no potential for additive impacts between the onshore and offshore activities on Fish
and Shellfish Ecology receptors during O&M.

DECOMMISSIONING

ONSHORE

10.8.8. The infrastructure associated with the Proposed Development will be decommissioned in
accordance with the DP (Table 10-14). Structures are proposed to be removed in reverse
order of the installation procedure, however aspects, in particular inter-array and export
cables, may be left in situ to minimise disturbance to the seabed.

10.8.9. There is no potential for additive impacts between the onshore and offshore activities on fish
and shellfish ecology receptors during decommissioning.

10.9. CUMULATIVE EFFECT ASSESSMENT

10.9.1. This cumulative effects assessment for fish and shellfish ecology has been undertaken in

accordance with the methodology provided in Volume 1, Chapter 6 (Environmental Impact
Assessment Methodology) and Volume 3, Appendix 6.2 (Offshore Cumulative Effects).

CEA METHODOLOGY

10.9.2.

10.9.3.

10.9.4.

10.9.5.

Impacts of the Proposed Development alone are generally spatially restricted to being near
the Array Area and offshore ECC. However, certain potential impacts, such as an increase in
SSC and UWN have the potential to affect the fish and shellfish communities over a more
significant area. These cumulative effects are the effects of the Proposed Development,
combined with the effects from other projects, on the same receptor or group of receptors.

Volume 1, Chapter 6 (Environmental Impact Assessment Methodology) and Volume 3,
Appendix 6.2 (Offshore Cumulative Effects) detail how potential cumulative effects will be
assessed for the Proposed Development through a Cumulative Effects Assessment (CEA). A
CEA screening process has identified the relevant other plans, projects, and activities which
are to be included in the assessment. Those plans/projects relevant to the CEA for fish and
shellfish ecology are indicated in Table 10-65 and shown in Figure 10-44.

For each of these relevant plans/projects, the most up-to-date publicly available project
parameters have been used to inform the CEA.

These other plans or projects may present different levels of potential cumulative effect when
combined with the Proposed Development, informed by other plan/project’s readiness and
likelihood for actual operation. A tiered approach to the CEA is therefore applied here, allowing
weighted assessment of cumulative effects. The cumulative effects are categorised as
follows:

e Tier 1 — The whole project (both onshore and offshore elements), combined with
plans/projects which have become operational since the baseline characterisation of
the Proposed Development, operational projects that have an ongoing impact, plus
those that are consented and are yet to be constructed or under construction;
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e Tier 2 All plans/projects assessed under Tier 1, plus those projects that have submitted
a Scoping Report or those pending determination following a submitted application; and

e Tier 3 — All plans/projects assessed under Tier 2, plus those projects that are not
currently in the planning system but are likely to enter the planning system in the near
future (e.g., Agreement for Lease (AfL) or projects at feasibility / early design stages)
where information is available to inform the cumulative assessment and there is
sufficient data confidence.

This CEA for fish and shellfish ecology has considered the worst-case design scenario for
each of the Proposed Development plans and activities in line with the methodology outlined
in Volume 1, Chapter 6 (Environmental Impact Assessment Methodology) and Volume 3,
Appendix 6.2 (Offshore Cumulative Effects). For potential effects on fish and shellfish,
planned projects were screened into the assessment based on a screening range that
encapsulates the study area as defined by the secondary Zol, which has been defined based
on the expected maximum distance that sediment within the Proposed Development might be
transported on a single mean spring tide, in the flood and/or ebb direction (15 km). A further
screening range of 120 km has also been applied around the Array Area to encapsulate
potential cumulative impacts from UWN. Certain impacts that are scoped into the assessment
for the Proposed Development alone are not considered in the cumulative assessment, due
to the following reasons:

e The highly localised nature of the impacts (i.e., they are generally spatially restricted to
being within the Primary Study Area and do not extend far into the 120 km UWM Zol or
the 15 km secondary Zol);

e Management measures in place for the Proposed Development will also be in place on
other projects reducing the risk of impacts occurring; and/or

o Where the likely significance of the effect from the Proposed Development alone has
been assessed as negligible and there is no potential for it to make a meaningful
contribution to a cumulative LSE.

However, certain impacts have the potential to affect the fish and shellfish communities over
a larger area, and therefore have the potential to result in cumulative effects. For this reason,
the following cumulative impacts on fish and shellfish receptors have been considered in the
CEA:

e Construction and decommissioning;

— Mortality, injury and behavioural changes resulting from UWN; and
— Increases in SSC and deposition of disturbed sediments to the seabed.

e Operation and maintenance;

— EMF effects; and
— Permanent and/or long-term habitat loss/alteration due to the addition of infrastructure
to the area.

Assessment of potential cumulative impacts on fish and shellfish ecology receptors has been
informed by project-specific modelling, and other analytic approaches used, including:

e Sediment plume modelling as set out in Volume 3, Appendix 7.1 (Marine Processes
Modelling Report); and

e UWN modelling as set out in Volume 3, Appendix 3.1 (Subsea Noise Technical
Report).
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Plan/Project

Summary

Status

Distance from
Array Area (km)

Distance from

offshore ECC (km)

Construction

dates (if relevant)

Operational by
(if relevant)

Summary of interaction with Proposed
Development

Tier 1

Peterhead to Drax HVDC
(E4D3)

Power Cables

Operational

47.69

0.00

2024

2025

Operational phase interacts with O&M and
construction phase of the Proposed
Development

Hywind OWF*?

Offshore Energy

Operational

35.56

0.06

N/A

2024

Operational phase interacts with O&M and
construction phase of Proposed
Development. Overlap with Secondary Zol
and UWN Zol.

Hywind ECC

Power Cables

Operational

36.61

0.00

N/A

2024

Operational phase interacts with O&M and
construction phase of Proposed
Development. Overlap with Secondary Zol
and UWN Zol.

Green Volt OWF

Offshore Energy

Consented - Not
constructed

36.26

35.64

2025-2027

2028

Operational phase interacts with
construction phase of Proposed
Development. Overlap with UWN Zol.

Green Volt ECC

Power Cables

Consented - Not
constructed

29.40

0.00

2025 to 2027

2028

Operational phase interacts with
construction phase of Proposed
Development. Overlap with Secondary Zol
and UWN Zol.

Peterhead Harbour (CRO71)

Disposal site

Operational

63.68

1.13

N/A

2024

Operational phase interacts with O&M and
construction phase of the Proposed
Development

Peterhead to South Humber
(E4L5)

Power Cables

Operational

47.70

3.70

2024-2028

2029

Operational phase interacts with O&M and
construction phase of the Proposed
Development

Fraserburgh
(CR060)

Disposal site

Operational

72.62

13.52

N/A

2024

Operational phase interacts with O&M and
construction phase of the Proposed
Development

North Buchan Ness (CR080)

Disposal site

Operational

59.85

0.98

N/A

2024

Operational phase interacts with O&M and
construction phase of the Proposed
Development

Tier 2

Salamander OWF

Offshore Energy

Application submitted

28.37

9.10

2025-2030

2031

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the Secondary
Zol and UWN Zol.

Salamander ECC

Power Cables

Application submitted

30.88

0.00

2026 to 2030

2031

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the Secondary
Zol and UWN Zol.

Marram OWF

Offshore Energy

Scoping report submitted

58.90

58.35

2030

Unknown

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Buchan OWF

Offshore Energy

Scoping report submitted

89.95

79.21

2028-2032

2033

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Ossian OWF

Offshore Energy

Application submitted

51.38

62.42

2031-2034

Unknown

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

12 The operational Hywind OWF has been included in the table above, however both Aberdeen OWF and Kincardine OWF have not been. Although they are both also within the 120 km UWN Zol, the potential for cumulative effects of underwater noise from operational OWFs with the
Proposed Development is only likely within the vicinity of the primary study area, within which the Hywind OWF lies. Both the Aberdeen OWF and Kincardine OWFs lie outside of the primary study area.
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Plan/Project

Summary

Status

Distance from
Array Area (km)

Distance from
offshore ECC (km)

Construction
dates (if relevant)

Operational by
(if relevant)

Summary of interaction with Proposed
Development

Bellrock OWF

Offshore Energy

Scoping report submitted

52.35

70.78

2028-2031

2032

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Morven OWF

Offshore Energy

Scoping report submitted

58.16

60.80

2027-2029

2030

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Broadshore OWF

Offshore Energy

Scoping report submitted

93.43

63.34

2028-2031

2032

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Berwick Bank OWF

Offshore Energy

Application submitted

110.04

107.31

2025-2033

2034

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Cenos OWF

Offshore Energy

Scoping report submitted

105.68

125.48

2029-2033

2034

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Caledonia OWF

Offshore Energy

Scoping report submitted

116.97

62.84

2028-2030

2031

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Tier 3

Aspen OWF

Offshore Energy

Concept/Early Planning

20.05

29.88

2027-2031

Unknown

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Bowdun OWF

Offshore Energy

Concept/Early Planning

52.50

44.60

2029-2031

2032

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.

Campion OWF

Offshore Energy

Concept/Early Planning

12.56

29.91

2026-2030

Grid connection
between 2030-2035

Construction phase interacts with the
construction phase of the Proposed
Development. Overlap with the UWN Zol.
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OFFSHORE WIND FARM
WORST CASE DESIGN SCENARIO CEA

10.9.9. The fish and shellfish ecology CEA has been undertaken with respect to the details provided
in Volume 3, Appendix 6.2 (Offshore Cumulative Effects). A ‘worst case’ design scenario has
been selected for each cumulative effect which would lead to the greatest impact for all
receptors or receptor groups, when selected from a range of values. Effects of greater adverse
significance of effect are not predicted to arise should any other development scenario, based
on details within Volume 3, Appendix 6.2 (Offshore Cumulative Effects) (e.g., different
infrastructure layout), to that assessed here, be taken forward in the final design scheme.

10.9.10. Table 10-66 presents the worst-case design scenario for each cumulative impact associated

with the fish and shellfish ecology CEA, along with justification.

Table 10-66 Worst Case Design Scenarios with respect to the Fish and Shellfish Ecology CEA

Cumulative Impact  Tier

Worst Case Design Scenario

Construction & Decommissioning

Cumulative increase  Tier 1.
in SSC and sediment «  North Buchan Ness disposal

deposition site
e Peterhead Harbour disposal
site
e Fraserburgh (CR060) disposal
site

e Hywind OWF and ECC
e Green Volt ECC

Tier 2:
e Salamander OWF and ECC

If these construction (e.g. the
construction of Salamander OWF)
or intermittent operational activities
overlap temporally with either the
construction or O&M of the
Proposed Development, there is
potential for cumulative SSC and
sediment deposition to occur within
the modelled plume footprints.
There are no tier 3 projects
included, as no tier 3 projects are
within the secondary Zol which is
related to the distance from the
source that sedimentation impacts
may potentially occur.

Cumulative mortality, Tier 1:

injury and e Green Volt OWF
behavioural changes  Tigr 2:

resulting from UWN e Salamander OWE
e Buchan OWF
e Marram OWF
e Ossian OWF
e Bellrock OWF
e Moven OWF
e Broadshore OWF
e Berwick Bank OWF
e Cenos OWF
e Caledonia OWF

Tier 3:
e Aspen OWF
e Bowdun OWF

If these construction or intermittent
operational activities overlap
temporally with the construction
activities of the Proposed
Development, there is potential for
cumulative effects from UWN to
occur which may impact fish and
shellfish populations.
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Cumulative Impact  Tier Worst Case Design Scenario

Operation and Maintenance

Cumulative EMF Tier 1: If the operation of multiple
effects e Hywind OWF & ECC renewable energy projects
e Peterhead to South Humber temporally overlap with the O&M

phase of the Proposed
Development, there is potential for
cumulative effects from EMF to

cable route
e Peterhead to DRAX HVDC

e Green Volt ECC occur which may impact fish and
shellfish populations.
Tier 2: There are no tier 3 projects

included, as no tier 3 projects are
within the secondary Zol. As EMF
impacts are very localised, any
projects outside of the secondary
Zol have not been included within
the assessment.

e Salamander OWF and ECC

Permanent and/or Tier 1: The presence of OWFs and other
long-term habitat e Hywind OWF & ECC marine infrastructure, such as
loss/alteration due to foundations, scour protection, and

" e Peterhead to South Humber ; :
the addition of cable protection, has the potential

cable route

infrastructure to the to cause long-term changes in the
area * Peterhead to DRAX HVDC distribution of benthic (seafloor) fish
e Green VoIt ECC and shellfish habitats. This is due to

the introduction of hard structures

Tier 2: on the seabed, which can alter the

existing marine environment and
ecosystem.

There are no tier 3 projects
included, as no tier 3 projects are
within the secondary Zol. As
impacts to habitats are local to
where the impact has taken place,
projects outside this secondary Zol
have not been included in the
assessment.

e Salamander OWF and ECC

CONSTRUCTION CEA

IMPACT 16 - CUMULATIVE TEMPORARY INCREASES IN SSC AND
SEDIMENT DEPOSITION

10.9.11. This impact is described in detail in paragraph 10.7.2, where the significance of this effect has
been identified as moderate for spawning herring, and minor for all other receptors. Due to
uncertainty associated with the exact timing of other projects and activities, there is insufficient
data on which to undertake a quantitative or semi-quantitative assessment. As such, the
discussion presented here is qualitative. It is considered highly unlikely that each of the
identified projects would be undertaking major maintenance works, in particular, asset reburial
or repairs at the same time, as these are infrequent occurrences during the lifetime of
developments.
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TIER 1

MAGNITUDE OF CUMULATIVE IMPACT

10.9.12. The North Buchan Ness, Peterhead Harbour and Fraserburgh disposal sites are located
approximately 0.98 km, 1.13 km and 0.98 km from the Proposed Development offshore ECC,
respectively (Table 10-65). Taking into account sediment plume modelling presented in
Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical Report) and Volume 3,
Appendix 7.2 (Marine Processes Modelling Report), it can reasonably be assumed that
sediment plumes may be advected these distances (of approximately 1 km) from the
Proposed Development. This means that in theory, should construction activities associated
with the Proposed Development be occurring at the same time as aggregate extraction, there
could be the potential for cumulative changes in SSC and sediment deposition. According to
figures provided by British Marine Aggregate Producers Association (BMAPA) for the last five
years, dredging intensity within these areas primarily ranges from low (<15 minutes) to
medium (15 minutes to 75 minutes), with only a small proportion dredged at a high intensity
(>75 minutes).

10.9.13. Operation and maintenance activities at the Hywind OWF and ECC, which lie adjacent to the
Proposed Development’s offshore ECC, could contribute to potential cumulative changes in
SSC and sediment deposition. The Hywind OWF EIAR concluded that increased SSC and
sediment deposition would be localised, occurring predominantly within the array area and
offshore ECC. The Hywind OWF EIAR concluded that the impacts related to suspended
sediment concentrations and sediment deposition are expected to be of minor magnitude and
not significant (Hywind, 2015).

10.9.14. The Green Volt OWF ECC crosses that of the Proposed Development (0.0 km). The Green
Volt OWF EIAR concluded that impacts from increased SSC and sediment deposition arising
from construction activities are expected to be of low magnitude, with any increase in SSC
and sedimentation unlikely to be significant or sustained for long periods, being likely to
remain within the natural variability of the system (Green Volt, 2022). The EIAR did not assess
the potential for impacts from maintenance works in the ECC, however any impacts from
intermittent maintenance works, are considered to be significantly less than those assessed
for the construction phase of the development.

10.9.15. As detailed by the numerical modelling within Volume 3, Appendix 7.1 (Marine and Coastal
Processes Technical Report) and Volume 3, Appendix 7.2 (Marine Processes Modelling
Report), the levels of sediment dispersion associated with the Proposed Development are
high. However almost all sediment plumes are indistinguishable from background levels after
20 hours. Given the short-lived nature of the sediment plumes, and the location of other
infrastructure, there is not anticipated to be a notable overlap with concentrated sediment
plumes created from other industry activities. Any overlap expected with aggregate dredging
activities, or OWF maintenance activities is likely to be temporary and restricted to the near
field. The potential maximum magnitude of cumulative impacts is assessed as low due to the
short-term duration of construction, maintenance, and decommissioning activities, as well as
the intermittent, localised, and temporary nature of changes in SSC and sediment deposition.

SENSITIVITY OF RECEPTOR

10.9.16. As described in Impact 1 above for the effects from the Proposed Development alone, the
most sensitive fish and shellfish receptor is spawning herring, which has been identified as
having medium sensitivity to this impact.
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10.9.17. The impact of cumulative temporary increases in SSC and deposition to the seabed from Tier
1 projects is considered to be of low magnitude of impact for all VERs except spawning herring
which is expected to be medium, and the maximum sensitivity of receptors affected is
considered to be medium for spawning herring, and low for all other VERS. The significance
of the effect is therefore concluded to be moderate for spawning herring, which is significant
in EIA terms. The significance of effect for all other VERs is negligible, which is not significant
in EIA terms.

SIGNIFICANCE OF CUMULATIVE EFFECT

Table 10-67 Significance of cumulative effect of SSC and deposition to the seabed effects for Tier 1 projects

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Medium Medium Moderate
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, plaice, Low Low Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting. (Pelagic
swimming)

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Low Negligible
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Low Low Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad, brown

trout (Sea trout).

TIER 2

MAGNITUDE OF CUMULATIVE IMPACT

10.9.18. The construction phase for the Salamander OWF project overlaps with the construction phase
for the Proposed Development. The Salamander OWF and ECC are located 9.1km and 0.0
km, respectively from the offshore ECC of the Proposed Development (within the secondary
Zol), and therefore there is the potential for a cumulative impact. This project is therefore
screened into the assessment.

10.9.19. As detailed in the Salamander OWF EIAR, any significant sediment deposition will be limited
to within the boundary of the proposed development and will likely persist over a limited
temporal period (Orsted, 2024). In the far-field zone of Salamander OWF (>500 m from the
disturbance event) it is predicted that there will be lesser degree of SSC increase, with no
measurable thickness of deposition. SSC is predicted to decrease and disperse rapidly,
returning to background SSC levels between six to 24 hours (Orsted, 2024). A low magnitude
impact was therefore concluded for the construction phase of the Salamander OWF-.

10.9.20. Taking this into consideration, the magnitude of impact of the potential cumulative increases
in SSC and deposition, from the Tier 2 project (including Tier 1 projects) is concluded to be
low i.e. the same as the Proposed Development alone.




MUIR MHOR
OFFSHORE WIND FARM
SENSITIVITY OF RECEPTOR

10.9.21. As described in Impact 1 above for the effects from the Proposed Development alone, the
most sensitive fish and shellfish receptor is spawning herring, which has been identified as
having medium sensitivity to this impact.

SIGNIFICANCE OF CUMULATIVE EFFECT

10.9.22. The impact of cumulative temporary increases in SSC and deposition from Tier 2 projects is
considered to be of low magnitude of impact for all VERs, apart from spawning herring which
is expected to be medium, and the maximum sensitivity of receptors affected is considered to
be medium for fish and shellfish species (spawning herring). The significance of the effect is
therefore concluded to be moderate for spawning herring, which is significant in EIA terms.
The significance of effect for all other VERSs is negligible, which is not significant in EIA terms.

Table 10-68 Significance of cumulative effect of SSC and deposition effects for Tier 2 projects

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Medium Medium Moderate
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, plaice, Low Low Negligible

Norway pout, lemon sole, sprat,
Atlantic mackerel, European hake,
blue whiting, anglerfish, ling, saithe,
haddock and whiting. (Pelagic
swimming)

Shellfish - Freshwater pearl mussel, Low Low Negligible
ocean quahog, brown crab, scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Low Negligible
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray,

common skate, thornback skate

Diadromous - Atlantic salmon, Low Low Negligible
European eel, sea lamprey, river

lamprey, twaite shad, allis shad, brown

trout (Sea trout).

SECONDARY MITIGATION AND RESIDUAL CUMULATIVE EFFECTS

10.9.23. Additional fish and shellfish ecology mitigation is considered to be necessary due to the
potential for significant effects on spawning herring (due to the project alone) in the absence
of further mitigation (beyond the embedded commitments outlined in Section 10.6) is
significant in EIA terms.

10.9.24. Mitigation options are presented within Volume 4, Appendix 10 (In Principle Fish Mitigation
Plan) that shows how these significant effects of increased SSC and deposition to the seabed
during herring spawning can be reduced to levels that are not significant for the alone
assessment and will also reduce the cumulative assessment to minor effect significance,
which is not significant in EIA terms.

10.9.25. No additional fish and shellfish ecology mitigation is therefore considered necessary because
the likely cumulative effect in the absence of further mitigation (beyond the embedded
commitments outlined in Section 10.6) is not significant in EIA terms.
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IMPACT 17 - CUMULATIVE MORTALITY, INJURY AND
BEHAVIOURAL CHANGES RESULTING FROM UWN

10.9.26. There is potential for cumulative mortality, recoverable injury, TTS and behavioural changes
from noise and vibration as a result of construction activities associated with the Proposed
Development and all stages of other projects (see Table 10-69). For the purposes of this
assessment, projects within 120 km of Proposed Development have been included in the
cumulative UWN assessment. This is considered a precautionary buffer upon which to screen
infout projects within the area. To note the information on projects identified in Table 10-69 is
obtained from available data which is correct at the time of writing.

Table 10-69 OWF Developments included within the UWN CEA (where construction or decommissioning occurs

concurrently).

Project Tier Distance Distance Construction Interaction with Proposed
from Array from Period Development
Area (km) offshore
ECC (km)
Green Volt 1 36.26 35.64 2025-2027 Operational phase interacts
OWF (operational by  with construction phase of
2028) Proposed Development.
Overlap with UWN Zol.
Salamander 2 28.37 9.10 2025-2030 Construction phase interacts
OWF with the construction phase

of the Proposed
Development. Overlap with
the Secondary Zol and UWN

Zol.
Marram 2 58.90 58.35 2030 Construction phase interacts
OWF with the construction phase

of the Proposed
Development. Overlap with
the UWN Zol.

Buchan OWF 2 89.95 79.21 2028-2032 Construction phase interacts
with the construction phase
of the Proposed
Development. Overlap with
the UWN Zol.

Ossian OWF 2 51.38 62.42 2031-2034 Construction phase interacts
with the construction phase
of the Proposed
Development. Overlap with

the UWN Zol.
Bellrock 2 52.35 70.78 2028-2031 Construction phase interacts
OWF with the construction phase

of the Proposed
Development. Overlap with
the UWN Zol.

Morven OWF 2 58.16 60.80 2027-2029 Construction phase interacts
with the construction phase
of the Proposed
Development. Overlap with

the UWN Zol.
Broadshore 2 93.43 63.34 2028-2031 Construction phase interacts
OWF with the construction phase

of the Proposed
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Project Tier Distance Distance Construction  Interaction with Proposed
from Array from Period Development
Area (km) offshore
ECC (km)
Development. Overlap with
the UWN Zol.
Berwick 2 110.04 107.31 2025-2033 Construction phase interacts
Bank OWF with the construction phase

of the Proposed
Development. Overlap with
the UWN Zol.

Cenos OWF 2 105.68 125.48 2029-2033 Construction phase interacts
with the construction phase
of the Proposed
Development. Overlap with

the UWN Zol.
Caledonia 2 116.97 62.84 2028-2030 Construction phase interacts
OWF with the construction phase

of the Proposed
Development. Overlap with
the UWN Zol.

Aspen OWF 3 20.05 29.88 2027-2031 Construction phase interacts
with the construction phase
of the Proposed
Development. Overlap with

the UWN Zol.
Bowdun 3 52.50 44.60 2029-2031 Construction phase interacts
OWF with the construction phase

of the Proposed
Development. Overlap with
the UWN Zol.

TIERS 1,2 AND 3

10.9.27. Due to the differing levels of information available for potential piling operations for each of
the OWFs in each of the three tiers, these have been considered collectively.

MAGNITUDE OF CUMULATIVE IMPACT

10.9.28. Injury or mortality of fish and shellfish from piling noise would not be expected to occur
cumulatively due to the small range within which potential injury effects would be expected
(i.e., predicted to occur within a relatively short distance of the piling activity from each of the
OWEF projects) and the large distances between the OWF projects. The closest two OWF
array areas where there is sufficient UWN modelling information available are the Salamander
OWEF and the Green Volt OWF, at 28.37 km and 36.26 km distance away from the Array Area
of the Proposed Development respectively. The UWN modelling for Salamandar OWF predict
a recoverable injury impact range of up to 7.3 km for stationary fish (203dB SELcum)
(Salamandar OWF, 2024), whereas UWN modelling for Green Volt predict an impact range
of up to 4.5 km for TTS, with mortality and recoverable injury ranges of a few hundred meters
predicted. Cumulative effects of UWN are therefore discussed in the context of recoverable
injury with respect to the Salamandar OWF (only) and TTS and behavioural effects with all of
the OWFs (including Salamandar OWF), particularly on spawning or nursery habitats.

10.9.29. Piling operations will represent intermittent occurrences at these OWF sites with each
individual piling event likely to be similar in duration to those at the Proposed Development.
For the Proposed Development, the temporal worst case design scenario for piling duration
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is for the sequential installation of four anchors per day for 67 semi-submersible WTGs and
four piles per day for two OEP jacket foundations, resulting in a total piling time of 1,185 hours
and 30 minutes, over a period of 157 days. The temporal worst case design scenarios for the
Project screened into the CEA are detailed in Table 10-70 below, where information is
available.

Table 10-70 Cumulative piling durations for the Proposed Development and other offshore wind farms within a
representative 120 km buffer of the Project (where construction occurs concurrently).

Project and location Tier Maximum total active  Source
relative to the Proposed piling time
Development
Green Volt OWF 1 10 hours for the piling of  Green Volt OWF, Project
Located 36.26 north of the one offshore substation,  Description (Royal
Array Area of the Proposed ona jacket foundation Haskoning DHV, 2023)
Development Total piling time: 10
hours

Salamander OWF 2 Piling durations are not Salamander OWF
Located 28.37 northwest of provided in the EIAR. Project Description
the Array Area of the (ERM, 2024)
Proposed Development
Berwick Bank 2 14,320 hours piling for Berwick Bank OWF Fish
Located 110.04 southwest WTG foundations, and and Shellfish Chapter
of the Array Area of the 1,792 hours piling for (SSE Renewables, 2022)
Proposed Development offshore substation

foundations.

Total piling time:

16,112 hours over a

construction period of 96

months
Ossian OWF 2 12,720 hours piling for Ossian OWF Fish and

Located 51.38 south of the
Array Area of the Proposed
Development

WTGs, and 1,728 hours
piling for offshore
substation platforms.

Shellfish Ecology
Chapter (RPS, 2024).

Total piling time: 14,448
hours over a
construction period of
approximately 20
months.

Total piling duration: Approximately 30,570 hours (3,538 days)

MAGNITUDE OF CUMULATIVE IMPACT

10.9.30. The following paragraphs describe the spatial extent of potential recoverable injury, TTS and
behavioural effects on fish and shellfish species, for the screened in projects, under each Tier.
Each of the impact assessments considers the worst-case design scenario for hammer
energy and/or the largest pile diameter and therefore results in the greatest propagation
ranges. It should be noted, however, that the specific assessments used in the individual
projects below may have used behavioural response criteria which differ from the approach
used for the Proposed Development and from the other projects in the cumulative
assessment.

10.9.31. Recent papers on the effects of UWN on fish and shellfish species have highlighted the lack
of clear evidence to support setting thresholds for impacts on fish and shellfish receptors
(Hawkins and Popper, 2016; Popper et al., 2014). These papers have highlighted some of the
shortcomings of historic impact assessments, including the use of broad criteria for injury and
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behavioural effects based on limited studies. As such, it is not appropriate to make direct
comparisons between the behavioural response ranges across projects. However, the
following paragraphs do give an indication of the extents of behavioural responses from fish
and shellfish to support this cumulative assessment.

The Green Volt OWF EIAR (Tier 1) assessed a maximum distance for TTS (186dB SELcum)
to be 4.5 km from source, for the piling of one offshore substation, on a jacket foundation (four
pin piles, 3 m pile diameter), using a maximum hammer energy of up to 2,300 kJ. The project
did not conclude any potential for impacts from underwater noise from piling operations on
key fish and shellfish receptors in the area. Considering the limited spatial and temporal nature
of the impacts, a Negligible magnitude of impact was assigned, and a negligible adverse
significance of effect concluded, which is not significant.

The Salamander OWF EIAR (Tier 2) assessed a maximum distance for recoverable injury
(stationary receptors 203dB SELcum) to be 7.3 km and TTS impacts (186dB SELcum) to be 57
km from the source, for the piling of up to 4 pile anchors in 24 hours using a hammer energy
of 1,500kJ. A low magnitude of impact was concluded, and a maximum of a minor significant
effect was concluded, which is not significant.

Ossian OWF (Tier 2) assessed a maximum distance for TTS (186dB SELcum) to be 45 km
from the source, for the installation of up to 265 semi-submersible floating WTGs and
15 offshore substation platforms, using 3,000kJ and 4,400kJ hammer energy respectively.
The project did not conclude any potential for impacts from underwater noise from piling
operations on key fish and shellfish receptors in the area, with a minor significance of effects
concluded for all receptors, which is not significant.

Berwick Bank (Tier 2) concluded a maximum disturbance range of 7.1 km, for the installation
of up to 307 WTGs and 10 offshore substation platforms on jacket foundations, using 4,000 kJ
hammer energy. Impacts from UWN were concluded to be of regional spatial extent, medium
term duration, intermittent and high reversibility, and of negligible to minor adverse
significance of effect.

Bellrock OWF, Morven OWF, Broadshore OWF, Cenos OWF, Caledonia OWF, Marram OWF
and Buchan OWF (Tier 2) at this stage have only produced a Scoping Report, and therefore
have not published any information in the public domain regarding the anticipated impacts
from UWN. Consequently, it is not possible to undertake detailed assessments of the
significance of effect. However, given the intermittent nature of piling, it is unlikely that there
will be a temporal overlap resulting in significant effects on fish and shellfish receptors.

Aspen OWF and Bowdun OWF (Tier 3) do not have any information in the public domain
regarding the spatial extent of impacts from UWN. Consequently, it is not possible to
undertake detailed assessments of the significance of effect. However, given the intermittent
nature of piling, it is unlikely that there will be a temporal overlap resulting in significant effects
on fish and shellfish receptors.

Piling operations will represent intermittent occurrences at these OWFs with each individual
piling event likely to be similar in duration to those at the Proposed Development. For the
Proposed Development, the temporal worst case design scenario for piling duration is for the
sequential installation of piled anchors in the Array Area and OEP foundation piles. However,
there is potential for overlap in piling activity days between OWFs in the vicinity. For example,
piling on the same day at the Proposed Development and at Ossian OWF may result in
cumulative UWN impacts on sensitive stationary receptors such as spawning herring. Given,
the extensive spatial impacts from UWN from the Proposed Development alone, any
additional cumulative impact on spawning herring from UWN would likely have significant
effects on spawning herring. As such, the magnitude of impact for Tiers 1, 2 and 3 is
considered to be medium.
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10.9.39. Sensitivities of fish and shellfish receptors to UWN are fully detailed in Section 10.7, Impact
5. Fish mortality and injurious effects as a result of piling noise would only be expected in the
immediate vicinity of piling operations and the area within which effects on fish eggs and
larvae would be expected is similarly small. Effects on shellfish species are also predicted to
be limited as these species are less sensitive to noise than fish species and would only be
affected at ranges much less than those predicted for fish.

10.9.40. TTS and behavioural effects on fish species as a result of piling noise are predicted to be
dependent on the nature of the receptors, with larger impact ranges predicted for pelagic fish
rather than for demersal fish species. The predicted behavioural response may be sufficient
to result in temporary avoidance of these areas by these species, with some temporary
redistribution of fish in the wider area between the affected areas. Between piling events, fish
may resume normal behaviour and distribution, as evidenced by work of McCauley et al.
(2000) which showed that fish returned to normal behavioural patterns within 14 to 30 minutes
after the cessation of seismic airgun firing. However, there are some uncertainties over the
response of fish to intermittent piling over a prolonged period and the extent that behavioural
reactions will cause a negative impact on individuals.

10.9.41. The proportions of the majority of fish spawning and nursery habitats predicted to be affected
by UWN from piling operations are expected to be small, particularly in the context of available
spawning and nursery habitats within the northern North Sea (particularly for pelagic spawning
species). However, this is not the case for Buchan stock herring, which have discrete high
intensity spawning areas that lie within the UWN Zol for the Proposed Development. Herring
are also sensitive to UWN, due to the involvement of their swim bladder in hearing. The
sensitivity of herring is therefore medium, and the maximum sensitivity of all other fish
receptors to UWN is considered to be low.

10.9.42. Shellfish are considered to be less sensitive to noise than fish as they do not possess a swim
bladder. However, they do show some sensitivity to increased particle motion (Roberts et al.,
2016), with studies showing behavioural changes in shellfish in response to increased noise
levels (Samson et al., 2016; Spiga et al., 2016). As a result of this, the sensitivity of shellfish
is considered to be low.

SIGNIFICANCE OF CUMULATIVE EFFECT

10.9.43. The impact of cumulative mortality, recoverable injury and behavioural changes arising from
noise and vibration is considered to be of medium magnitude of impact and the maximum
sensitivity of receptors affected is considered to be medium for herring, and low for all other
fish and shellfish species (see Table 10-71).

10.9.44. The significance of the effect is therefore concluded to be moderate for herring, which is
significant in EIA terms. The significance of the effect is as a maximum of minor for other fish
receptors groups, which is not significant in EIA terms.

Table 10-71 Significance of effect of cumulative UWN

Receptor/Location Magnitude of Sensitivity Significance of Effect
Impact

Group 1 receptors Medium Low Minor

Group 2 receptors Medium Low Minor

Group 3 receptors Medium Low Minor

(fleeing)

Spawning herring Medium Medium Moderate

(static)
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SECONDARY MITIGATION AND RESIDUAL CUMULATIVE EFFECTS

10.9.45. Additional mitigation is considered necessary because the likely effects on spawning Buchan
stock herring (due to the project alone) in the absence of further mitigation (beyond the
embedded commitments outlined in Section 10.6) is significant in EIA terms.

10.9.46. Mitigation options are presented within Volume 4, Appendix 10 (In Principle Fish Mitigation
Plan) that shows how these significant effects of increased SSC and deposition to the seabed
during herring spawning can be reduced to levels that are not significant for the alone
assessment and will thus reduce the cumulative assessment to minor effect significance,
which is not significant in EIA terms.

10.9.47. No additional fish and shellfish ecology mitigation is therefore considered necessary, because
the likely cumulative effect in the absence of further mitigation (beyond the embedded
commitments outlined in Section 10.6) is not significant in EIA terms.

OPERATION AND MAINTENANCE CEA
IMPACT 18 - CUMULATIVE EMF EFFECTS

10.9.48. EMFs are produced as a result of the electricity passing through the cables (inter-array and
export cables). While a single cable route may have a limited impact, the cumulative effects
of multiple cable routes in an area can be significant. Industry-standard offshore wind cables
all contain shielding which prevents E fields from passing into the marine environment, and
as such, these are not considered any further. However, the cumulative impact of B fields and
iE fields from multiple cable routes in the area could potentially have an impact on sensitive
receptors.

TIER 1

MAGNITUDE OF CUMULATIVE IMPACT

10.9.49. There is potential for cumulative effects from EMF from operational cables in the vicinity of
the offshore ECC of the Proposed Development. These include the Hywind ECC, Peterhead
to DRAX HVDC and Peterhead to South Humber cable routes which are in close proximity
with the offshore ECC of the Proposed Development (0.06 km, 0.0 km and 3.7 km respectively
from the Proposed Development offshore ECC). Additionally, there is potential for cumulative
effects from EMF from the Green Volt ECC once this becomes operational.

10.9.50. The Hywind ECC (up to 35 km in length and located 0.06 km from the ECC of the Proposed
Development at its nearest point) will be buried up to a depth of 1.5 m where possible. In the
event that this is not possible, alternative protection methods are proposed. Any EMF is
anticipated to be localised to the cable and mitigated through cable burial or protection. The
magnitude of effect on fish and shellfish receptors was therefore deemed to be negligible, and
no significant effect concluded (Statoil, 2015).

10.9.51. All cables (Hywind ECC, Peterhead to DRAX HVDC and Peterhead to South Humber cables)
will be installed following industry practices to reduce potential environmental damage, in
accordance with a crossing agreement with Peterhead to DRAX HVDC, Peterhead to South
Humber and Hywind ECC. Peterhead to DRAX HVDC (National Grid, 2022) concluded
negligible significance of effect for all fish VERs apart from elasmobranchs, which were
predicted to be of minor significance, which significant in EIA terms. Hywind ECC only
assessed elasmobranchs as the most sensitive VER, concluding a negligible effect
significance due to the negligible magnitude (Hywind, 2015). Peterhead to South Humber is
only at scoping stage (National Grid, 2024) and have suggested that EMF is scoped out of
the EIA, citing exposure limits for EMFs are set by the Government on advice from Public
Health England, which will be followed by the project.
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10.9.52. Proximity agreements will also be developed, if necessary, to establish how close operational
activities can occur to the existing infrastructure. With the proximity agreements in place, the
cables will not be close enough to cause cumulative EMF effects, except at the crossing point.
Additional cable protection will be required at the crossing and given the anticipated EMF
levels with 1 m of cable protection (0.73 uT), as secured through CaP (C-02), it is highly
unlikely that these levels will exceed the Earth's natural magnetic field at the Proposed
Development (50.7 £ 0.14 uT (NOAA, 2021b)). Therefore, the magnitude of impact is still
considered low.

SENSITIVITY OF RECEPTOR

10.9.53. As described in Impact 7 above (paragraph 10.7.336) for the effects from the Proposed
Development alone, the most sensitive fish and shellfish receptors are elasmobranch species
which have been identified as having medium sensitivity to this impact.

SIGNIFICANCE OF CUMULATIVE EFFECT

10.9.54. The overall significance of the effect on each VER group has been summarised in Table
10-72. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity
of receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-72 Significance of effect of cumulative EMF effects for Tier 1 projects

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Low Negligible
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, plaice, Norway Low Low Negligible

pout, lemon sole, sprat, Atlantic mackerel,
European hake, blue whiting, anglerfish,
ling, saithe, haddock and whiting.

Shellfish - Freshwater pearl mussel, Low Low Negligible
Ocean quahog, Brown crab, Scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Medium Minor
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray, common

skate, thornback skate

Diadromous - Atlantic salmon, European Low Low Negligible
eel, Sea lamprey, River lamprey, Twaite
shad, Allis shad, Brown trout (Sea trout),

TIER 2

MAGNITUDE OF CUMULATIVE IMPACT

10.9.55. The Salamander ECC is located 0.0 km from the Proposed Development offshore ECC at its
nearest point, and has an overlapping operational phase with the Proposed Development.
Within the Salamander OWF EIAR (Salamander OWF, 2024), the anticipated EMF levels from
the Salamander ECC were concluded to be localised to the cable, reducing to <0.01 uT at a
distance of 2.75 m from a static cable buried at a minimum target depth of 0.6 m below the
seabed or cable protection/stabilisation with decreasing radius of effect apparent, as the depth
of the cable increases.




@e MUIR MHOR

10.9.56. The Salamander OWF EIAR (Salamander OWF, 2024) concluded no significant effects from
EMF for the project alone and cumulatively due to the highly localised nature of EMF
(Salamander OWF, 2024). Therefore, the magnitude of impact (including Tier 1 projects) is
still considered low.

SENSITIVITY OF RECEPTOR

10.9.57. As described in Impact 7 above (paragraph 10.7.336) for the effects from the Proposed
Development alone, the most sensitive fish and shellfish receptors are elasmobranch species
which have been identified as having medium sensitivity to this impact.

SIGNIFICANCE OF CUMULATIVE EFFECT

10.9.58. The overall significance of the effect on each VER group has been summarised in Table
10-73. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity
of receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-73 Significance of effect of cumulative EMF effects for Tier 2 projects

Receptor/Location Magnitude of Sensitivity Significance of
Impact Effect
Demersal spawning - Herring Low Low Negligible
Demersal spawning - Sandeel Low Low Negligible
Pelagic spawning - Cod, plaice, Norway Low Low Negligible

pout, lemon sole, sprat, Atlantic mackerel,
European hake, blue whiting, anglerfish,
ling, saithe, haddock and whiting.

Shellfish - Freshwater pearl mussel, Low Low Negligible
Ocean quahog, Brown crab, Scallop,
Nephrops, European lobster

Elasmobranchs - Basking shark, Low Medium Minor
porbeagle, spurdog, starry smooth-

hound, tope shark, spotted ray, common

skate, thornback skate

Diadromous - Atlantic salmon, European Low Low Negligible
eel, Sea lamprey, River lamprey, Twaite
shad, Allis shad, Brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL CUMULATIVE IMPACTS

10.9.59. No additional fish and shellfish ecology mitigation is considered necessary because the likely
effect in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.
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IMPACT 19 - CUMULATIVE PERMANENT AND/OR LONG-TERM
HABITAT LOSS/ALTERATION DUE TO THE ADDITION OF
INFRASTRUCTURE TO THE AREA

TIER 1

MAGNITUDE OF CUMULATIVE IMPACT

10.9.60. The cumulative impact assessment considers cable projects, and the presence of OWFs. For
the Peterhead to South Humber cable project, the planning application commits to cable burial
where practicable and remedial protection where target burial is unachievable, reducing the
overall habitat loss significantly. The presence of OWFs, including foundations, scour
protection, and cable protection associated with Hywind OWF and Green Volt ECC, which are
in proximity to the Proposed Development, have the potential to cause long-term changes in
the distribution of benthic (seafloor) fish and shellfish habitats. However, the Proposed
Development only overlaps with a small portion of herring and sandeel spawning grounds,
considering the wider availability of spawning grounds across this area of the North Sea, the
cumulative impacts of these projects, if remedial protection is implemented, are considered
localised and of low magnitude of impact.

SENSITIVITY OF RECEPTOR

10.9.61. As described above for the effects from the Proposed Development alone, the most sensitive
fish and shellfish receptors are demersal spawning species (herring and sandeel) which have
been identified as having medium sensitivity to this impact.

SIGNIFICANCE OF CUMULATIVE EFFECT

10.9.62. The overall significance of the effect on each VER group has been summarised in Table
10-74. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity
of receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-74 Significance of cumulative effect of permanent and/or long-term habitat loss/alteration due to the addition
of infrastructure to the area for Tier 1 projects

Receptor/Location Magnitude Sensitivity Significance
of Impact of Effect
Demersal spawning - Herring Low Medium Minor
Demersal spawning - Sandeel Low Medium Minor
Pelagic spawning - Cod, plaice, Norway pout, Low Negligible Negligible

lemon sole, sprat, Atlantic mackerel, European
hake, blue whiting, anglerfish, ling, saithe,
haddock and whiting.

Shellfish - Freshwater pearl mussel, Ocean Low Low Negligible
quahog, Brown crab, Scallop, Nephrops,
European lobster

Elasmobranchs - Basking shark, porbeagle, Low Negligible Negligible
spurdog, starry smooth-hound, tope shark,
spotted ray, common skate, thornback skate

Diadromous - Atlantic salmon, European eel, Low Negligible Negligible
Sea lamprey, River lamprey, Twaite shad, Allis
shad, Brown trout (Sea trout),
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TIER 2

MAGNITUDE OF CUMULATIVE IMPACT

10.9.63. The presence of OWFs, including as foundations, scour protection, and cable protection
associated with Salamander OWF and ECC in proximity to the Proposed Development has
the potential to cause long-term changes in the distribution of benthic (seafloor) fish and
shellfish habitats. However, the Proposed Development only overlaps with a small portion of
herring and sandeel spawning grounds, considering the wider availability of spawning grounds
across this area of the North Sea, the cumulative impacts of these projects (including Tier 1
projects), if remedial protection is implemented, are considered localised and of low
magnitude of impact.

SENSITIVITY OF RECEPTORS

10.9.64. As described above for the effects from the Proposed Development alone, the most sensitive
fish and shellfish receptors are demersal spawning species (herring and sandeel) which have
been identified as having medium sensitivity to this impact.

SIGNIFICANCE OF CUMULATIVE EFFECT

10.9.65. The overall significance of the effect on each VER group has been summarised in Table
10-75. Overall, the magnitude of the impact is deemed to be low, and the maximum sensitivity
of receptors is medium. The significance of the effect is therefore considered to be a maximum
of minor, which is not significant in EIA terms.

Table 10-75 Significance of cumulative effect of permanent and/or long-term habitat loss/alteration due to the addition
of infrastructure to the area for Tier 2 projects

Receptor/Location Magnitude Sensitivity Significance
of Impact of Effect
Demersal spawning - Herring Low Medium Minor
Demersal spawning - Sandeel Low Medium Minor
Pelagic spawning - Cod, plaice, Norway pout, Low Negligible Negligible

lemon sole, sprat, Atlantic mackerel, European
hake, blue whiting, anglerfish, ling, saithe,
haddock and whiting.

Shellfish - Freshwater pearl mussel, Ocean Low Low Negligible
quahog, Brown crab, Scallop, Nephrops,
European lobster

Elasmobranchs - Basking shark, porbeagle, Low Negligible Negligible
spurdog, starry smooth-hound, tope shark,
spotted ray, common skate, thornback skate

Diadromous - Atlantic salmon, European eel, Low Negligible Negligible
Sea lamprey, River lamprey, Twaite shad, Allis
shad, Brown trout (Sea trout),

SECONDARY MITIGATION AND RESIDUAL CUMULATIVE IMPACTS

10.9.66. No additional fish and shellfish ecology mitigation is considered necessary because the likely
impact in the absence of further mitigation (beyond the embedded commitments outlined in
Section 10.6) is not significant in EIA terms.
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DECOMMISSIONING CEA

10.9.67.

The decommissioning phase is expected to involve similar construction activities and impacts
as those discussed in Section 10.7 for the construction phase. Consequently, any cumulative
effects arising from the decommissioning process are anticipated to be comparable or even
lesser in magnitude of impact than the cumulative significance of effects assessed for the
construction phase. Therefore, it is not anticipated that the decommissioning activities would
result in significant adverse effects on fish or shellfish receptors when considering the
potential for cumulative impacts.

PROPOSED MONITORING FOR CUMULATIVE EFFECTS

10.9.68.

10.9.69.

No fish and shellfish ecology monitoring is proposed to test the predictions made within the
assessment of cumulative effects on fish and shellfish ecology receptors as no residual likely
significant effects were predicted during construction, O&M and decommissioning phases of
the Proposed Development, after the application of the secondary mitigation outlined in
Section 10.9 above.

The Developer will engage with MD-LOT, NatureScot, and other relevant key stakeholders to
identify and contribute to targeted and proportionate regional or strategic monitoring to better
understand the environmental effects of offshore wind taking account of known evidence gaps
taking account of Evidence Maps published through the ScotMER forum (Scottish
Government, 2024) or any successor programme formed to facilitate these research interests,
or any developer-led regional groups. This monitoring commitment will be secured in the
Section 36 Consent and associated Marine Licences via the requirement for a PEMP.

10.10. TRANSBOUNDARY EFFECTS

10.10.1.

Transboundary impacts related to fish and shellfish ecology are not anticipated to arise from
construction, O&M or decommissioning stages of the Proposed Development. Any impacts
on fish and shellfish ecology receptors will be localised in nature and any indirect effects will
likely be limited to one tidal excursion from the impact source. The Proposed Development is
a significant distance from the nearest adjacent exclusive economic zone (EEZ) of another
state and, therefore, it is considered that transboundary impacts will not occur and have
therefore been scoped out from further consideration within the EIA.

10.11. INTER-RELATED EFFECTS

10.11.1.

10.11.2.

10.11.3.

Inter-related effects may occur due to multiple impacts on a receptor or a group of receptors
from the Proposed Development. This includes the following:

e Project Lifecycle effects - Interactions between impacts across different phases of the
Proposed Development i.e., interaction of impacts across construction, operation and
maintenance and decommissioning; and

¢ Inter-related Receptor effects - Interactions between impacts on a receptor or group
of receptors within an offshore Project stage (Inter-related Receptor effects).

Project Lifecycle and Receptor led inter-related effects from Fish and Shellfish Ecology are
presented in Table 10-76.

An assessment of ecosystem level effects for the Proposed Development is provided in
Volume 3, Appendix 6.4 (Ecosystem Level Effects).
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Table 10-76 Inter-related effects of Fish and Shellfish Ecology

Impact

Significant Inter-Related effects

Project lifecycle effects

Disturbance from
UWN

The impacts of UWN during the construction and decommissioning
phases are expected to be short-term and intermittent. Impacts from
UWN during the operational phase will be long term but to a very
localised extent. Although the initial project alone assessment concluded
significant impacts for breeding herring as a result of piling UWN, a
number of mitigation options are presented in Volume 4, Appendix 10 (In
Principle Fish Mitigation Plan) to reduce these effects to not significant.
The interaction of these impacts across construction, O&M and
decommissioning stages of the development is not predicted to result in
an impact of any greater significance than those assessed in the
individual project phases. Impacts were assessed as being not
significant in the construction (once further mitigation is applied), O&M
and decommissioning phases.

Increase in SSC and
sediment deposition

The impacts of increased SSC and sediment deposition during the
construction and decommissioning phases are expected to be short-
term and intermittent, and of localised extent with any effects being
reversible. Although the initial project alone assessment concluded
significant impacts for breeding herring as a result of SSC and
deposition, a number of mitigation options are presented Volume 4,
Appendix 10 (In Principle Fish Mitigation Plan) to reduce these effects to
not significant. The interaction of these impacts across construction and
decommissioning stages of the development is not predicted to result in
an impact of any greater significance than those assessed in the
individual project phases. Impacts were assessed as being not
significant in the construction (once further mitigation is applied) and
decommissioning phases.

Habitat loss and
disturbance, and
increased SSC and
deposition

The impacts of habitat loss and disturbance and increased SSC and
deposition during the construction, O&M and decommissioning phases
are expected to be short-term and intermittent, and of localised extent.
The interaction of these impacts across construction, O&M and
decommissioning stages of the development is not predicted to result in
an impact of any greater significance than those assessed in the
individual project phases. Impacts were assessed as being not
significant in the construction and decommissioning phases.

Receptor Led effects

Spatial and temporal
interactions between
habitat
loss/disturbance,
increased
SSC/deposition,
UWN

No spatial or temporal interaction between the effects assessed above is
expected during the Proposed Development lifetime.

10.12. ASSESSMENT SUMMARY

10.12.1. A summary of the findings of the effects and cumulative effects assessments undertaken in
Section 10.7 and Section 10.8 is given in Table 10-77 and Table 10-78 respectively. This
includes residual effect significance after any required secondary mitigation and proposed
monitoring.
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Impact

Receptor

Magnitude of Impact

Receptor Sensitivity

Effect Significance

Secondary Mitigation Residual Effect

Proposed Monitoring

Construction

Demersal spawning

Secondary mitigation as
set out Volume 4, Appendix

(herring) edy Medium VIBEEIES 10 (In Principle Fish
Mitigation Plan)
Impact 1 Demersal spawning .
3 Low Low Negligible
Increa_s_es In S.SC and (sandeel) No significant residual effect None
deposition of disturbed Peladi . L L Negliaibl
sediments to the seabed elagic spawning ow ow egligibe N
Shellfish Low Low Negligible one
Elasmobranchs Low Low Negligible
Diadromous fish Low Low Negligible
Demersal spawning Low Medium Minor
(herring)
Demersal spawning . .
Low Medium Minor
Impact 2 (sandeel)
Temporary habitat Pelagic spawning Low Negligible Negligible None No significant residual effect None
disturbance
ISt Shellfish Low Low Negligible
Elasmobranchs Low Negligible Negligible
Diadromous fish Low Low Negligible
Demersal spawning - -
(herring) Negligible Low Negligible
Demersal spawning - -
Negligible Low Negligible
Impact 3 (sandeel) 9lg glg
Direct and indirect seabed Pelagic spawning Negligible Low Negligible o _
disturbance leading to None No significant residual effect None
release of sediment Shellfish Negligible Medium Negligible
contaminants Elasmobranchs Negligible Low Negligible
Diadromous fish Negligible Low Negligible
Eggs and larvae Negligible Medium Negligible
Demersal spawning Low Medium Minor
(herring)
Demersal spawning : .
Low Medium Minor
Impact 4 (sandeel)
Direct damage (e.g. Pelagic spawning Low Negligible Negligible None No significant residual effect None
crushing) and disturbance . -
Shellfish Low Low Negligible
Elasmobranchs Low Negligible Negligible
Diadromous fish Low Negligible Negligible
Group 1 (sandeel, static) Low Low Negligible
Impact 5 Group 1 (fleeing) Low Low Negligible
Mortality, and mortal injury Group 2 (fleeing) Low Low Negligible None No significant residual effect None
arising from UWN Group 3 (fleeing) Low Low Negligible
Group 3 (static - herring) Low Medium Minor
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Impact Receptor Magnitude of Impact Receptor Sensitivity Effect Significance Secondary Mitigation Residual Effect Proposed Monitoring
Eggs and larvae (sandeel - -
and plaice) Low Negligible Negligible
Eggs and Iar\{ae (all other Low Medium Minor
species)
Shellfish Low Low Negligible
Group 1 (sandeel, static) Low Low Negligible
Group 1 (fleeing) Low Low Negligible None
Group 2 (fleeing) Low Low Negligible
Group 3 (fleeing) Low Low Negligible
| - Secondary mitigation as
mpac ) . . . set out Volume 4, Appendix
Recoverable injury arising ~ Croup 3 (static - herring) Medium Medium Moderate 10 (In Principle Fish No significant residual effect None
from UWN Mitigation Plan)
Eggs and larvae (sandeel - .-
and plaice) Low Negligible Negligible
Eggs and larvae (all other . . None
species) Low Medium Minor
Shellfish Low Low Negligible
Group 1 (sandeel, static) Medium Low Minor
Group 1 (fleeing) Medium Low Minor
None
Group 2 (fleeing) Medium Low Minor
Group 3 (fleeing) Medium Low Minor
Secondary mitigation as
Impact 5 . . . : set out Volume 4, Appendix N )
TTS arising from UWN Group 3 (static - herring) High Medium Moderate 10 (In Principle Fish No significant residual effect None
Mitigation Plan)
Eggs and larvae (sandeel - .
and plaice) Low Negligible Negligible
Eggs and larvae (all other : . None
species) Low Medium Minor
Shellfish Low Low Negligible
Group 1 (sandeel, static) Medium Low Minor
Group 1 (fleeing) Medium Low Minor
None
Group 2 (fleeing) Medium Low Minor
Impact. s ] Group 3 (fleeing) Medium Low Minor N )
Behavioural impacts —— No significant residual effect None
arising from UWN Secondary mitigation as
. . . . set out Volume 4, Appendix
Group 3 (static - herring) High Medium Moderate 10 (In Principle Fish
Mitigation Plan)
Shellfish Low Low Negligible none
Impact 5 Group 1 (sandeel, static) Medium Low Minor
gr(i);?ﬁgaf?gn\q/igﬁgon Group 1 (fleeing) Medium Low Minor None No significant residual effect None
clearance Group 2 (fleeing) Medium Low Minor
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Impact Receptor Magnitude of Impact Receptor Sensitivity Effect Significance Secondary Mitigation Residual Effect Proposed Monitoring
Group 3 (fleeing) Medium Low Minor
Secondary mitigation
required which will be
Group 3 (static - herring) Medium Medium Moderate determined during the
licencing process for UXO
removal
Shellfish Medium Low Minor None
Group 1 (sandeel, static) Low Low Negligible
Impact 5 Group 1 (fleeing) Low Low Negligible
Noise and vibration Group 2 (fleeing) Low Low Negligible
arising from other noise None No significant residual effect none
sources during Group 3 (fleeing) Low Low Negligible
construction Group 3 (static - herring) Low Medium Minor
Shellfish Low Low Negligible
Operation and Maintenance
Demersal spawning - Low Medium Minor
Herring
Impact 6 Demersal Zpa\;vning i Low Medium Minor
Permanent and/or long- Sandee
term habitat loss/alteration Pelagic spawning Low Negligible Negligible None No significant residual effect None
due to addition of . I
infrastructure to the area Shelifish Low Low Negligible
Elasmobranchs Low Negligible Negligible
Diadromous fish Low Negligible Negligible
Demersal spawning - Low Low Negligible
Herring
Demersal spawning - -
Impact 7 Sandeel Low Low Negligible
EMF impacts arising from . . . A .
cables during operational Pelagic spawning Low Low Negligible None No significant residual effect None
phase Shellfish Low Low Negligible
Elasmobranchs Low Medium Minor
Diadromous fish Low Low Negligible
Demersal spawning - -
Herring Low Low Negligible
Impact 8 Demersal spawning - Low Low Negligible
A Sandeel
Ghost fishing due to lost
fishing gear becoming Pelagic spawning Low Low Negligible None No significant residual effect None
entanglement in installed . I
S S T Shellfish Low Low Negligible
Elasmobranchs Low Medium Minor
Diadromous fish Low Low Negligible
Impact 9 Demerzagr?i[:%wnlng - Low Low Negligible
Introduction of new ha}rd - None No significant residual effect None
substrates and potential Demersal spawning - L L Nedligibl
for fish aggregation Sandeel ow ow egligible
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Impact Receptor Magnitude of Impact Receptor Sensitivity Effect Significance Secondary Mitigation Residual Effect Proposed Monitoring
Pelagic spawning Low Low Negligible
Shellfish Low Low Negligible
Elasmobranchs Low Low Negligible
Diadromous fish Low High Minor
Demersal spawning - Negligible Medium Minor
Herring
Impact 10 Demergglnzzae\;vnmg i Negligible Low Negligible
UWN and vibration from Pelagic spawnin Nes ol Low Negligible None No significant residual effect None
operational WTGs and gic sp 9 g9 g9
vessels Shellfish Negligible Low Negligible
Elasmobranchs Negligible Low Negligible
Diadromous fish Negligible Low Negligible
Decommissioning
Impact 11
Increa;;_es in S.SC and All VERs Low Medium (maximum) Minor (maximum)
deposition of disturbed
sediments to the seabed
I 12 . . . .
mpact . All VERs Low Medium (maximum) Minor (maximum)
Temporary habitat loss
Impact 13
Direct and indirect seabed
disturbances leading to All VERs Low Medium (maximum) Minor (maximum)
release_of sediment None No significant residual effect None
contaminants
Impact 14
Direct damage (e.g., All VERs Low Medium (maximum) Minor (maximum)
crushing) and disturbance
Impact 15
Mortality, injury and
behavioural changes All VERs Low Medium (maximum) Minor (maximum)

resulting from UWN
arising from
decommissioning activity
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Table 10-78 Summary of assessment of cumulative effects on Fish and Shellfish Ecology

Impact Receptor Magnitude of Receptor Sensitivity Cumulative Effect Secondary Mitigation Residual Cumulative Proposed Monitoring
Cumulative Impact Significance Effect
Construction
Impact 16
Cumulative temporary . . . No significant residual
increases in SSC and All VERs Low Medium (maximum) Minor None offect None
sediment deposition
Demersal spawning Medium Medium Moderate Secondary_mltlgatlon
(herring) required
I[aIes 1_7 ) Demt?;a:]ldsep;;/vnlng Medium Low Minor
CUTIUIENS (e : : : : No significant residual N
"HUTY and bei:a_WIo]chra' Pelagic spawning Medium Low Minor effect one
changes resulting from N . -
UWNg g Shellfish Medium Low Minor None
Elasmobranchs Medium Low Minor
Diadromous fish Medium Low Minor
Operation and
Maintenance
Demersal spawning -
(herring) Low Low Negligible
Demersal spawning Low Low Negligible
(sandeel) N .
Impact 18 _ . — None No significant residual None
Cumulative EMF impacts Pelagic spawning Low Low Negligible effect
Shellfish Low Low Negligible
Elasmobranchs Low Medium Minor
Diadromous fish Low Low Negligible
Demersal spawning Low Medium Minor
(herring)
Impact 19 .
Demersal spawnin : .
Cumulative permanent (sandepel) g Low Medium Minor
and/or long-term habitat - - — = None No significant residual None
loss/alteration due to the Pelagic spawning Low Negligible Negligible effect
addition of infrastructure Shellfish Low Low Negligible
@ine & Elasmobranchs Low Low Negligible
Diadromous fish Low Low Negligible
Decommissioning
Decommissioning CEA All VERs Low Medium (maximum) Minor None el T None

effect
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