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Annex 5.4.1

Appropriate
Assessment

An assessment to determine the implications of a plan or project on a
European site in view of the site’s conservation objectives. An
appropriate assessment forms part of the Habitats Regulations
Assessment and is required when a plan or project is likely to have a
significant effect on a European site.

Cetacean

The order Cetacea includes whales, dolphins and porpoises,
collectively known as cetaceans.

Cumulative impacts

Impacts that result from incremental changes caused by other past,
present or reasonably foreseeable actions together with the project.

European Site

A Special Area of Conservation (SAC) or candidate SAC, a Special
Protection Area (SPA) or potential SPA, a site listed as a site of
community importance (SCI), or a Ramsar site.

k–selected
populations

Species which possess relatively stable populations and tend to
produce relatively low numbers of offspring. Offspring tend to be quite
large in comparison with r-selected species. K-selected species are
also characterised by long gestation periods, slow maturation, and
long life spans. Examples of K – selected species include cetaceans
and pinnipeds.

Natura 2000

An ecological network of protected areas designed to protect
threatened species and habitats in territories of the European Union
under EU legislation including both the Habitats Directive and the
Birds Directive.

Permanent
Threshold Shift
(PTS)

Following a marine mammal’s exposure to high noise levels, if a
Threshold shift occurs and does not return to normal after several
weeks then a Permanent Threshold Shift (PTS) has occurred. This
results in a permanent auditory injury to the marine mammal.

Odontocete

Odontocetes (toothed-whales) form a suborder of the order cetacea
(cetaceans). This suborder is characterised by the presence of teeth,
rather than the baleen of other whales and includes sperm whales,
beaked whales and dolphins.

Offshore cable route
corridor

This term applies to the offshore cable route corridor references
(seaward of mean high water) from Subzone 2 to the landfall at
Horseshoe Point. It consists of a corridor of seabed and is
approximately 150 km in length. Within the corridor there will be up to
eight cable circuits, each buried within its own trench.

Pinniped

A fin-footed group of marine mammals which are semi-aquatic.
Pinnipeds comprise of the following families: Odobenidae (walrus);
Otariidae (eared seals, sea lions, and fur seals); and Phocidae
(earless seals). Pinnipeds are more broadly known as “seals”.

Summary of potential environmental effects. ................................................. 4-180
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Definition

Term
r-selected

Acronyms

Definition
‘r-selected’ species are species whose populations are governed by
their maximum reproductive capacity. r-selected species produce
numerous offspring, have short gestation periods and mature quickly.

Acronym

Full term

AC

Alternating Current

Wetlands of international importance, designated under the
Convention on Wetlands of International Importance (‘Ramsar
Convention).

ASCOBANS

Agreement on the Conservation of Small Cetaceans of the Baltic,
North East Atlantic, Irish and North Seas

BAP

Biodiversity Action Plan

Small Cetacean
Abundance in the
North Sea and
Adjacent Waters
(SCANS)

Large scale surveys aimed at estimating the abundance of porpoises
and other cetaceans in order to assess the impacts of by-catch. Small
Cetacean Abundance in the North Sea and Adjacent Waters (1994),
and Small Cetacean Abundance in the North Sea and Adjacent
Waters II (2005).

BSH

Bundesamt für Seeschifffahrt und Hydrographie

dB

Decibel

CITES

Convention on Trade in Endangered Species of Wild Flora and
Fauna

CMS

Convention on Migratory Species

Site of Community
Interest (SCI)

Defined under Article 1(k) of the Council Directive 92/43/EEC on the
Conservation of natural habitats and of wild fauna and flora (‘Habitats
Directive’) as a site that contributes significantly to the maintenance or
restoration at a favourable conservation status of a natural habitat
type in Annex I or of a species in Annex II.

CMP

Construction Monitoring Plan

CoCP

Code of Construction Practice

cSAC

Candidate Special Area of Conservation

Site of Special
Scientific Interest
(SSSI)

Sites designated by Natural England under the Wildlife and
Countryside Act 1981 (as amended) as areas of land of special
interest by reason of any of their flora, fauna, or geological or
physiographical features.

CVs

Coefficients of Variation

DC

Direct Current

DCO

Development Consent Order

DEPONS

Soft-start

The term ‘soft-start’ is applied to the gradual, or incremental, increase
in hammer blow energy from the initiation of piling activity until full
hammer blow energy is reached, usually over a period of 30 minutes
(not less than 20 minutes). Maximum hammer blow energy may not
be required to complete pile installation.

Disturbance Effects on the Harbour Porpoise Population in the North
Sea

EEA

European Economic Area

EEZ

Exclusive Economic Zone

EIA

Environmental Impact Assessment

EMF

Electromagnetic Fields

EPS

European Protected Species

ESAS

European Seabirds at Sea

EUNIS

European Union Nature Information System

FCS

Favourable Conservation Status

FOCI

Features of Conservation Importance

GLNP

Greater Lincolnshire Nature Partnership

HF

High Frequency

HRA

Habitats Regulations Assessment

HVAC

High Voltage Alternating Current

HVDC

High Voltage Direct Current

IPC

Infrastructure Planning Commission

Ramsar Site

Special Area of
Conservation

Temporary
Threshold Shift
(TTS)

Defined under Article 1(l) of the Habitats Directive a site of Community
importance designated by the Member States through a statutory,
administrative and/or contractual act where the necessary
conservation measures are applied for the maintenance or restoration,
at a favourable conservation status, of the natural habitats and/or the
populations of the species for which the site is designated.
A temporary change in the hearing threshold of marine mammals
following noise exposure. Hearing loss in this case is not permanent.
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Acronym

Full term

Acronym

Full term

IUCN

International Union for the Conservation of Nature

pSCI

Possible Site of Community Importance

JCP

Joint Cetacean Protocol

PTS

Permanent Threshold Shift

JNCC

Joint Nature Conservation Committee

rMCZ

Recommended Marine Conservation Zone

LC

Least Concern

SAC

Special Area of Conservation

LF

Low Frequency

SCANS

Small Cetacean Abundance in the North Sea

LNR

Local Nature Reserve

SCI

Site of Community Importance

LSE

Likely Significant Effect

SCOS

Special Committee on Seals

LWT

Lincolnshire Wildlife Trust

SEL

Sound Exposure Level

MCA

Maritime and Coastguard Agency

SMRU

Sea Mammal Research Unit

MCZ

Marine Conservation Zone

SNCB

Statutory Nature Conservation Body

MF

Mid Frequency

SPL

Sound Pressure Level

MMMP

Marine Mammal Mitigation Protocol

SSSI

Site of Special Scientific Importance

MMO

Marine Management Organisation

TTS

Temporary Threshold Shift

MNA

Marine Natural Area

VER

Valued Ecological Receptor

MPS

Marine Policy Statement

WWT

Wildfowl and Wetlands Trust

MSFD

Marine Strategy Framework Directive

NBIS

Norfolk Biodiversity Information Service

NM

Nautical Mile

NNR

National Nature Reserve

NPL

The National Physical Laboratory

NPS

National Policy Statement

NPS EN-1

Overarching National Policy Statement for Energy

NPS EN-3

National Policy Statement for Renewable Energy Infrastructure

NRC

National Research Council

NSIP

Nationally Significant Infrastructure Project

ONR

Office of Naval Research

OSPAR

Oslo/Paris Convention (for the Protection of the Marine Environment
of the North-East Atlantic)

PCAD

Population Consequences of Acoustic Disturbance

PCoD

Population Consequences of Disturbance

PDV

Phocine Distemper Virus

PEMMP

Project Environmental Management and Monitoring Plan

PINS

Planning Inspectorate

viii

4

Purpose of this Chapter

MARINE MAMMALS
4.1.7

This Environmental Statement chapter will:

4.1

Introduction



4.1.1

This chapter presents the results of the Environmental Impact Assessment (EIA) of
the proposed Project Two development (namely Subzone 2, the export cable route
corridor and the export cable landfall site being the elements of Project Two relevant
to this chapter) during its construction, operation and decommissioning on marine
mammals.

Present the existing environmental baseline established from desk studies,
dedicated offshore surveys and consultation with the relevant statutory
authorities including the Marine Management Organisation (MMO), Natural
England and the Joint Nature Conservation Committee (JNCC);



Present the potential environmental effects on marine mammals arising from
Project Two, based on the information gathered and the analysis and
assessments undertaken to date;



Identify any assumptions and limitations encountered in compiling the
environmental information; and



Highlight any necessary monitoring and/or mitigation measures which could
prevent, minimise, reduce or offset the possible environmental effects identified
at the relevant stage in the EIA process.

4.1.2

Project Two is the second project proposed for development within the Hornsea Zone.
The Hornsea Zone is being developed using a phased programme, which divides the
zone into subzones. The first of the subzones to be developed was Subzone 1
(Project One), which was granted development consent by the Secretary of State for
Energy and Climate Change in December 2014. Subzone 2 (Project Two) is the
second of the subzones to be developed. Project Two is very closely related, both in
terms of its nature and location, to Project One. As such, where matters have been
discussed and agreed during consultation on Project One, and are applicable to the
Project Two EIA, they have been incorporated into this Environmental Statement (see
Section 4.4 for further details).

4.1.3

The application for development consent for Project Two has been compiled and
consulted on by SMart Wind on behalf of ‘the Developer’.

4.1.4

The assessment is based upon a combination of an understanding of Project Two in
terms of the potential for impact and the resultant effects on receptors, as presented in
the baseline characterisation for marine mammals within Annex 5.4.1: Marine
Mammals Technical Report. The technical report provides a detailed characterisation
of the Project Two marine mammal study area and the wider regional marine mammal
study area (paragraphs 4.2.2 and 4.2.4) based on existing literature sources and sitespecific surveys, and includes information on marine mammal species of ecological
importance and of conservation value.

4.1.8

4.1.9

Purpose of this Document
4.1.5

4.1.6

The primary purpose of the Environmental Statement is to support the Development
Consent Order (DCO) application for Project Two under the Planning Act 2008 (the
2008 Act). The Environmental Statement should be read in conjunction with the NonTechnical Summary, which summarises, in non-technical language, the key issues
presented in this report.
It is intended that the Environmental Statement will provide statutory and non-statutory
consultees with sufficient technical information to complete the examination of the
proposed development options and will form the basis of agreement on the content of
the DCO and/or Marine Licence conditions (as required).
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This chapter also summarises the assessment of the impact of Project Two on marine
mammals as features of internationally, nationally and locally designated sites, these
include:


Special Areas of Conservation (SACs) and candidate SACs (cSACs);



Sites of Community Importance (SCIs) and possible SCIs; and



Marine Conservation Zones, including recommended Marine Conservation
Zones (MCZs and rMCZs, respectively).

The impact assessment presented within this chapter has taken into account other
relevant impact assessments and Technical Reports in this Environmental Statement
including:


Volume 1, Chapter 5: Environmental Impact Assessment Methodology;



Volume 2, Chapter 1: Marine Processes;



Volume 2, Chapter 2: Benthic Subtidal and Intertidal Ecology;



Volume 2, Chapter 3: Fish and Shellfish Ecology;



Volume 2, Chapter 8: Shipping and Navigation;



Volume 2, Chapter 12: Inter-related Effects;



Annex 4.3.2: Subsea Noise Technical Report; and



Annex 5.4.1: Marine Mammal Technical Report.

4.2

Study Area

4.2.1

The Hornsea Round 3 Zone (the Hornsea Zone) lies approximately 31 km off the
Yorkshire coast in the south central North Sea and covers an area of approximately
4,735 km2. The Hornsea Zone falls within SCANS Block U and within the southern
North Sea Marine Natural Area (MNA) (Figure 4.1).

4.2.5

Whilst MUs are useful in determining the size of the reference population, for some
species the MUs include all British and Irish Waters, and therefore are too extensive
to consider in their entirety for the purposes of undertaking a robust impact
assessment. It was therefore important to focus the assessment on the key area over
which impacts can be assessed, and importantly, over which changes may be more
readily identified. Consequently, the regional study area was defined as the south
central North Sea. This region is represented largely by SCANS Block U as a central
point of focus. However, it also extends further to the south and east, encompassing
other Round 3 offshore wind farm projects in the vicinity (i.e., East Anglia to the south)
as well as nationally and internationally designated protected areas identified through
consultation for inclusion in the marine mammal assessment. This area was
sufficiently large to capture ecological patterns in the species, whilst allowing a more
focussed approach to the impact assessment. Further detail on defining the study
area is provided in Section 2.1 of Annex 5.4.1: Marine Mammal Technical Report.

4.2.6

The regional marine mammal study area defined here is an appropriate extent for the
purposes of undertaking the Project Two impact assessment, both alone and
cumulatively with other plans or projects. Preliminary screening for the Habitats
Regulations Assessment (HRA) has also considered the same regional study area;
however, in order to ensure that all potential sites (with marine mammals as qualifying
features) for which there is possible connectivity with Project Two are included, the
HRA screening also includes a more extensive area. The HRA Report: Information to
Support the Appropriate Assessment for Project Two is presented in SMart Wind
(2014).

Project Two Marine Mammal Study Area
4.2.2

The Project Two marine mammal study area is defined as the area encompassing
Subzone 2 and the cable route corridor extending 150 km towards the coastal landfall
location of Horseshoe Point in Lincolnshire. Subzone 2 is located in the centre of the
Hornsea Zone, adjacent to Subzone 1 (the offshore area excluding cable route for the
first Hornsea Zone development known as Project One), and has a total area of
approximately 462 km2 (Figure 4.1).

4.2.3

Site-specific field surveys were conducted across both Subzone 2 (for Project Two)
and Subzone 1 (for Project One) and extended out to cover the Hornsea Zone and
10 km buffer, (as agreed with Natural England and JNCC in February 2011 following
submission of the Project One Scoping Report in November 2010 (IPC, 2010)),
(Figure 4.2). In addition, existing data were also collated from a more extensive area
which extended west from the Hornsea Zone to cover the cable route corridor towards
the coastline and then north and south along the Norfolk and Lincolnshire inshore
waters.
Regional Marine Mammal Study Area

4.2.4

In order to provide context for assessing the populations in Project Two, the literature
review collated information on marine mammal populations in a wider geographic
frame of reference. For marine mammals, this can be difficult to determine due to their
wide-ranging nature. The starting point for considering marine mammals in a wider
context was to look at the areas delineated as Management Units (MU) for each
species by the statutory authorities (paragraphs 4.5.19 et seq.). The purpose of the
MUs is to provide an indication of the scale at which the impacts of plans and projects
alone and cumulatively on key marine mammal species need to be assessed on a
consistent basis across the UK.
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Figure 4.1

Location of the regional marine mammal study area and Project Two marine mammal study area (inset) within the southern North Sea.
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Figure 4.2

Location of the Project Two marine mammal study area showing the transect lines for boat-based site-specific marine mammal surveys in Subzone 2 plus 4 km buffer and
Hornsea Zone plus 10 km buffer.
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4.3

Planning Policy Context

4.3.1

Guidance on the issues to be assessed for offshore renewable energy developments
has been obtained through reference to the Overarching National Policy Statement
(NPS) for Energy (EN-1; DECC, 2011a), the NPS for Renewable Energy
Infrastructure (NPS EN-3, DECC, 2011b), the NPS for Electricity Networks
Infrastructure (NPS EN-5, DECC, 2011c), as well as the Marine Policy Statement
(MPS). The MPS notes that marine planning authorities should apply precaution
within an overall risk-based approach and ensure that appropriate weight is attached
to designated sites, protected species, and habitats and other species of principal
importance for the conservation of biodiversity, so that development does not result in
a significant adverse effect on the conservation of habitats or the populations of
species of conservation concern (paragraph 2.6.1). The MPS also considers the
effects of noise and vibration on wildlife and how these can be mitigated and
minimised taking account of known sensitivities to particular frequencies of sound
(paragraph 2.6.3).

4.3.2

4.3.3

Table 4.1

Summary of NPS EN-3 policy relevant to
the assessment of marine mammals

Effects of offshore wind farms can include temporary disturbance during the
construction phase (including underwater noise) and on-going disturbance
during the operational phase and direct loss of habitat; and



The presence of the wind turbines can also have positive benefits to ecology
and biodiversity.

How and where considered within the
Project Two assessment

Biodiversity

Specifically, the guidance provided within NPS EN-3 was considered. Paragraph
2.6.59 specifically identifies that applicants should have regard to marine mammals.
The NPS (paragraph 2.6.63) specifically highlights the following potential issues:


Summary of NPS EN-3 policy relevant to marine mammals and
consideration of the Project Two assessment.

NPS EN-3 (paragraphs 2.6.64 to 2.6.67 and 2.6.92 to 2.6.93) includes guidance on
what matters are to be included in an applicant's assessment, these being
summarised in Table 4.1.
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Applicants should ensure that the
Environmental Statement clearly sets out
any effects on internationally, nationally and
locally designated sites of ecological or
geological conservation importance, on
protected species and on habitats and other
species identified as being of principal
importance for the conservation of
biodiversity (paragraph 5.3.3 of NPS EN-1).

Construction, operation and maintenance,
and decommissioning phases of Project Two
have been assessed as part of the EIA
process on designated sites relevant to
marine mammals within this chapter (Section
4.6), and in the Habitats Regulations
Assessment Report: Information to Support
the Appropriate Assessment for Project Two
(SMart Wind, 2014) for Natura 2000 sites.

Applicants should assess the effects on the
offshore ecology and biodiversity for all
stages of the lifespan of the proposed
offshore wind farm (paragraph 2.6.64 of
NPS EN-3).

Construction, operation and
decommissioning phases of Project Two
have been assessed.

Consultation on the assessment
methodologies should be undertaken at
early stages with the statutory consultees as
appropriate (paragraph 2.6.65 of NPS EN3).

Consultation with relevant statutory and nonstatutory stakeholders has been carried out
from the early stages of Project Two.

Any relevant data that has been collected as
part of post-construction ecological
monitoring from existing, operational
offshore wind farms should be referred to
where appropriate (paragraph 2.6.66 of NPS
EN-3).

Relevant data collected as part of postconstruction monitoring from other offshore
wind farm developments has informed the
assessment of Project Two.

Applicants should assess the potential for
the scheme to have both positive and
negative effects on marine ecology and
biodiversity (paragraph 2.6.67 of NPS EN-3).

Both the positive and negative effects have
been assessed for Project Two.

Summary of NPS EN-3 policy relevant to
the assessment of marine mammals

Table 4.2

How and where considered within the
Project Two assessment

Summary of NPS EN-3 policy on
decision making (and mitigation) in
relation to marine mammals

Marine mammals
The assessment of the effects on marine
mammals should include details of: likely
feeding areas; known birthing areas/haul out
sites; nursery grounds; known migration or
commuting routes; duration of disturbing
activity including cumulative/in-combination
effects; baseline noise levels; predicted
noise levels in relation to mortality,
Permanent Threshold Shift (PTS) and
Temporary Threshold Shift (TTS); soft-start
noise levels; and operational noise (NPS
EN-3; paragraph 2.6.92).

All of the specified details are included in this
chapter (Section 4.5). The Project Two
assessment has considered the relevant
marine mammal behaviour for key species
present in the regional marine mammal
study area within the south central North
Sea. This includes the incorporation of
assessment of construction and operational
noise impacts and their likely effects upon
marine mammal behaviour and ecology
(Section 4.6). This assessment also
considers the cumulative impacts of Project
Two and other relevant plans or projects
(Section 4.7).

The applicant should discuss any proposed
piling activities with the relevant body.
Where assessment shows that noise from
offshore piling may reach noise levels likely
to lead to an offence, the applicant should
look at possible alternatives or appropriate
mitigation before applying for a licence (NPS
EN-3; paragraph 2.6.93).

In discussion with JNCC, the Project Two
assessment has considered the
environmental impact of piling noise over a
range of hammer energies during
construction and a number of different
foundation types have also been considered
(Table 4.17). Project design mitigation is
provided in Table 4.21 and paragraphs
4.6.136 et seq. and 4.6.169 et seq.).

4.3.4

4.3.5

Summary of NPS EN-3 policy on decision making with regard to marine
mammals and consideration in the Project Two assessment.
How considered within the Project Two
assessment

Biodiversity

It is noted that NPS EN-3 also includes guidance relating to potential secondary or
indirect impacts arising from changes to the physical environment which should also
be considered.
The planning process for NSIPs is administered by PINS, with the decision on the
DCO being taken by the Secretary of State. NPS EN-3 highlights a number of points
relating to the determination of an application and in relation to mitigation (paragraphs
2.6.68 to 2.6.71 and 2.6.94 to 2.6.99); these are summarised in Table 4.2.
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The Secretary of State should consider the
effects of a proposal on marine ecology and
biodiversity taking into account all relevant
information made available to it (paragraph
2.6.68 of NPS EN-3).

The effects on marine mammals have been
described and considered within the
assessment of Project Two (Section 4.6).

The designation of an area as a Natura
2000 site does not necessarily restrict the
construction or operation of offshore wind
farms in or near that area (paragraph 2.6.69
of NPS EN-3).

Natura 2000 sites have been considered
during the assessment of Project Two
(Section 4.6). Where there is potential for a
likely significant effect on a marine mammal
species identified as a reason for
designation of the site, then this has been
assessed within the HRA Report:
Information to Support the Appropriate
Assessment for Project Two (SMart Wind,
2014).

Mitigation may be possible in the form of
careful design of the development itself and
the construction techniques employed
(paragraph 2.6.70 of NPS EN-3).

Mitigation has been considered during the
Project Two assessment (Table 4.21 and
paragraphs 4.6.136 et seq. and 4.6.169 et
seq.). A Marine Mammal Mitigation Protocol
(MMMP) approved by the MMO, will be
implemented during construction.

Ecological monitoring is likely to be
appropriate during the construction and
operational phases to identify the actual
impact so that, where appropriate, adverse
effects can then be mitigated and to enable
further useful information to be published
relevant to future projects (paragraph 2.6.71
of NPS EN-3).

Monitoring will be carried out in order to test
the predictions of the impact assessment,
the detail of which will be established
through consultation with statutory nature
conservation bodies (SNCBs), following
best practice and in accordance with the
latest guidance. Monitoring will be
implemented through the Construction and
Monitoring Plan, the detail, timing and
duration of which will be agreed through
consultation with SNCBs.

Summary of NPS EN-3 policy on
decision making (and mitigation) in
relation to marine mammals

How considered within the Project Two
assessment

Marine Conservation Zones (MCZs)
introduced under the Marine and Coastal
Access Act 2009 are areas that have been
designated for the purpose of conserving
marine flora and fauna, marine habitat or
features of geological or geomorphological
interest. The Secretary of State is bound by
the duties in relation to MCZs imposed by
sections 125 and 126 of the Marine and
Coastal Access Act 2009 (paragraph 5.3.12
in NPS EN-1).

Of the original list of rMCZs that were
identified within the Project Two marine
mammal study area, only those that were
designated as MCZs in the first tranche in
2013 have been considered (i.e., North East
of Farnes Deep MCZ and Swallow Sands
MCZ). However, marine mammals are not
citation features of these MCZ themselves,
and therefore these sites are also screened
out for further assessment in this chapter
(paragraph 4.5.31).

Different foundation options and hammer
energies have been considered for Project
Two. The maximum adverse scenarios are
defined as those that represent the realistic
maximum worst case scenarios that have
the potential to occur. These have been
assessed and are presented in Table 4.17.

The conservation status of marine
European Protected Species, and seals, are
of relevance to the Secretary of State. The
Secretary of State should take into account
the views of the relevant statutory advisors
(paragraph 2.6.95 of NPS EN-3).

The conservation status of species has
been factored into the assessment of
significance (Table 4.16). Consultation with
relevant statutory nature conservation
bodies (SNCBs) has been, and continues to
be, undertaken (Table 4.17).

Mitigation: monitoring of a mitigation area
for marine mammals surrounding the piling
works prior to commencement of, and
during, piling activities. During construction,
24 hour working practices may be employed
to reduce the total construction programme
and the potential for impacts. Soft-start
procedures during pile driving may be
implemented to avoid significant adverse
impacts (paragraphs 2.6.97 to 2.6.99 of
NPS EN-3).

Mitigation for Project Two is set out in this
chapter (Table 4.21 and paragraphs 4.6.136
et seq. and 4.6.169 et seq.). The project
design includes a soft-start and ramping up
piling procedure to minimise impacts.

Guidance provided within the Marine Strategy Framework Directive (MSFD), adopted
in July 2008 (Defra, 2014b), has also been considered in the Project Two
assessment for fish marine mammals. The relevance of the MSFD to Project Two is
described in full in Volume 1, Chapter 2: Policy and Legislative Context.

4.3.7

The overarching goal of the MSFD is to achieve ‘Good Environmental Status’ (GES)
by 2020 across Europe’s marine environment. To this end, Annex I of the Directive
identifies 11 high level qualitative descriptors for determining GES. Those descriptors
relevant to the marine mammal assessment for Project Two are listed in Table 4.3,
including a brief description of how and where these have been addressed in the
assessment.

Table 4.3

Marine mammal
The Secretary of State should be satisfied
that the preferred methods of construction,
in particular for foundations and the
foundation type are designed to reasonably
minimise significant disturbance effects.
The Secretary of State may refuse the
application if suitable noise mitigation
measures cannot be imposed by
requirements to any development consent
(paragraph 2.6.94 of NPS EN-3).

4.3.6
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Summary of the Marine Strategy Framework Directive’s (MSFD) high level
descriptors of Good Environmental Status (GES) relevant to marine
mammals and consideration in the Project Two assessment.

Summary of MSFD high level descriptors
of GES relevant to marine mammals

How considered within the Project Two
assessment

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 effects on biological diversity has been
described and considered within the
assessment for Project Two alone and the
cumulative impact assessment (CIA), (see
Sections 4.6 and 4.7, respectively).

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

The effects of non-indigenous species on
marine mammal prey species within the
Project Two fish and shellfish ecology study
area has been assessed in paragraphs
4.6.384 and 4.7.164.

Descriptor 4: Elements of marine food webs:
All elements of the marine food webs, to the
extent that 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 effects on the abundance (and
distribution) of marine mammal receptors
within the Project Two marine mammal
study area and regional marine mammal
study area have been described and
considered within the assessment for Project
Two alone and the CIA, (see Sections 4.6
and 4.7, respectively).

Descriptor 6: Sea floor integrity:
Seafloor integrity is at a level that ensures
that the structure and functions of the
ecosystems are safeguarded and benthic
ecosystems, in particular, are not adversely
affected.

The effects of temporary and long term
habitat loss and introduction of new habitat
on marine mammal prey species within the
Project Two fish and shellfish ecology study
area have been described and considered
within the assessment for Project Two alone
and the CIA, (see paragraphs 4.6.299 et
seq., 4.6.382 and 4.7.156 et seq.).

Summary of MSFD high level descriptors
of GES relevant to marine mammals

How considered within the Project Two
assessment

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

The effects of contaminants on marine
mammal receptors have been assessed in
paragraphs 4.6.373 et seq., 4.6.373 et seq.,
4.6.409 et seq., and on prey species in
paragraphs 4.6.299 et seq., 4.6.382 and
4.7.156 et seq.

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 effects of contaminants on marine
mammal prey species have been assessed
in paragraphs 4.6.299 et seq., 4.6.382 and
4.7.156 et seq.

Descriptor 10: Marine litter:
Properties and quantities of marine litter do
not cause harm to the coastal and marine
environment.

A Code of Construction Practice (CoCP) will
be developed and implemented during the
construction phase and an appropriate
Project Environmental Management and
Monitoring Plan (PEMMP) will be produced
and implemented during the operation and
maintenance phase of Project Two. These
documents will include planning for
accidental spills, address all potential
contaminant releases and include key
emergency contact details (e.g.,
Environment Agency, Natural England and
the Maritime and Coastguard Agency
(MCA)). A Decommissioning Programme will
be developed and implemented during the
decommissioning phase (Table 4.21).

Descriptor 11: Energy including underwater
noise:
Introduction of energy, including underwater
noise, is at levels that do not adversely affect
the marine environment.

The effects of underwater noise from piling
of turbine, substation and platform
foundations, from other construction
activities (e.g., cable installation) and from
vessel noise have been considered within
the assessment for Project Two alone and
the CIA, (see Sections 4.6 and 4.7,
respectively).

4.3.8

Further advice in relation specifically to the Project Two development, has been
sought through consultation with the statutory authorities and from the PINS scoping
opinion (PINS, 2012) (Section 4.4).

4-8

4.4

Consultation

4.4.1

The Project Two development is similar, both in terms of its nature and location, to
that of Project One. The matters relevant to Project Two which were raised in the
formal responses from consultees for Project One and issues identified during preapplication consultation on Project One are set out in Table 4.4 below. All of these
matters have been taken forward in the EIA for Project Two and a response on each
matter in terms of Project Two is provided in Table 4.4. Further details on the
statutory and non-statutory consultation undertaken for Project Two are set out in the
Consultation Report.

4.4.2

A Scoping Report for Project Two was submitted to the Planning Inspectorate (PINS),
in October 2012 (SMart Wind, 2012). Following consultation, PINS provided a
Scoping Opinion in November 2012 (PINS, 2012).

4.4.3

The first phase of consultation for Project Two took place alongside the fourth phase
of consultation for Project One during February and March 2013. These consultation
phases were synchronised to ensure the process of developing the projects
simultaneously was clearly set out and understood.

4.4.4

The Draft Environmental Statement for Project Two was consulted on during the
second phase of consultation, which took place during July 2014.

4.4.5

A summary of the key issues raised during consultation for Project Two and how
these have been addressed in the production of this Environmental Statement are set
out in Table 4.5 below. Further information can be found in the Consultation Report.

Table 4.4

Summary of relevant matters raised during Project One, which are relevant to Project Two, for marine mammals.

Consultee

JNCC and Natural
England

Issues raised on Project One which are applicable to Project Two

How/where addressed within Project Two

PEIR Consultation Response (September 2012): Suggest that biologically relevant
populations for each species should be considered when assessing for population
level impacts. This is particularly important in relation to assessing cumulative
effects.

JNCC have been consulted to determine the most appropriate reference population for
each species. The reference populations are based on the Management Units (MUs)
defined for each species in a collaborative paper by the SNCBs (IAMMWG, 2013).

PEIR Consultation Response (September 2012): Suggest that transboundary
effects relevant to the Habitats Regulation Assessment (HRA) will require
consultation with the relevant bodies of the member state associated with the site
that is predicted to be affected.

Transboundary consultation has been carried out with relevant EU member states for
Project Two (and Project One). Transboundary effects relating to HRA are assessed in
the HRA Report: Information to Support the Appropriate Assessment for Project Two
(SMart Wind, 2014).

JNCC/Natural England Meeting 22 November 2012: Advised that the interim PCoD
outputs are due in April 2013 and should be incorporated into Project One
assessment.

An interim PCoD approach has been development by the Sea Mammal Research Unit
(SMRU) and the University of Aberdeen which was recently published by Harwood et al.
(2014). A series of PCoD workshops were run in September 2014 to demonstrate the
protocols for the application of the interim PCoD model to interested parties. SMart Wind
participated in these workshops, and ran some initial scenarios for Project Two alone, to
understand the input requirements and sensitivities of the model. There is uncertainty as
to the applicability of the PCoD model for Project Two alone (paragraph 4.6.52) and
discussions with Natural England suggest that the model will be more useful at a
strategic/industry level to assess cumulative effects.

Section 42 Consultation (13 March 2013): Further information required relating to
the new methodology for calculation of g(0).

A detailed description of the methodology for calculation of g(0) is provided in
Appendix B in Annex 5.4.1: Marine Mammal Technical Report. For comparison, these
site-specific estimates of g(0) have also been compared to the SCANS-II estimates and
were found to be very similar (paragraph 4.5.50).

Section 42 Consultation (13 March 2013): Further information required regarding
the effect of sea state on population size.

Sea state is incorporated into the surface density model as an environmental predictor
and additional further work has been done to explore the effect of sea state on density
estimates (paragraph 4.5.10 and Annex 5.4.1: Marine Mammal Technical Report).

Section 42 Consultation (13 March 2013): Discussion of the most likely
development scenarios (including a realistic piling schedule) would prove useful to
help put worst case potential impacts to species into a more realistic context.

Further assessment has been made to explore a range of potential effects which include
consideration of the piling profile, a dose-response relationship, and effects at different
depth. It is anticipated that a pile-driveability study will be carried out following
submission of the Environmental Statement to investigate the potential effects of noise
disturbance under a more realistic scenario compared to the maximum adverse scenario
of piling at 3,000 kJ for the duration of the pile installation following the soft-start (Section
4.6).

Section 42 Consultation (13 March 2013): Further information required on the
method of extrapolating data from the Hornsea Zone to the missing areas where
the noise contours extend outside the extent of the modelled marine mammal
surface densities for cetaceans.

Discussion on the method for extrapolating data from the Project Two marine mammal
study area to missing area using the upper 75% quartile from the range of values of cells
along the north and south boundary of the Hornsea Zone. Additional hydrophone surveys
were commissioned by SMart Wind between November 2012 and February 2013 to
validate the extrapolation. Due to poor weather conditions the data collected was too
limited to be statistically viable for this analysis. Using the mean density estimates from
the model to quantify the number of animals affected gave similar results, however the
upper 75% quartile was slightly more precautionary, suggesting this is a suitable method.
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Consultee

Issues raised on Project One which are applicable to Project Two

How/where addressed within Project Two

Relevant Representation submitted for Project One on 11 October 2013, paragraph
5.8.1 advised that Natural England/JNCC were not satisfied that the assessment of The marine mammal assessment for Project Two has been based on the worst case
impacts to harbour seal was based on the worst case scenario, and that the
scenario, where piling locations have been located on the area of greatest density for
calculation of the number of animals potentially affected by underwater noise during each marine mammal species (see Section 4.6).
construction was deemed as likely to be an underestimate.
Section 42 Consultation (13 March 2013): Suggests that information on the
proposed Natura 2000 sites and other areas of ecological importance within study
Rijkswaterstaat North on cross border impact and cumulative impacts be included. This should include:
Dutch Dogger Bank Possible Site of Community Importance (pSCI) and Klaverbank
Sea (Ministry of
pSCI.
Infrastructure and
Environment)
Section 42 Consultation (13 March 2013): Waddenzee SCI which is designated for
grey seal and harbour seal should be considered.

Table 4.5

The Waddenzee SCI has been considered in paragraph 4.5.33 but has not been taken
forward into the impact assessment as no connectivity to Project Two has been
demonstrated.

Summary of key issues raised during Project Two consultation undertaken to date for Project Two marine mammals.

Consultee

PINS

Marine mammal features of Natura 2000 sites have been assessed in this chapter
(paragraph 4.5.33). Transboundary effects relating to HRA are assessed in the Habitats
Regulations Assessment Report: Information to Support the Appropriate Assessment for
Project Two (SMart Wind, 2014).

Form of
response

Scoping
opinion

Stage of
Response

Scoping

Date issue
raised

November
2012

Issues raised

How/where addressed

The potential risk to European Protected Species (EPS)
should be set out in full and it should be confirmed if an EPS
licence is required using the most up to date EPS licence
procedures.

A draft EPS licence application (offshore) is being submitted
as part of this application and will be compiled in accordance
with the latest guidelines from the MMO.

Information should be provided within the Environmental
Statement which will assist the decision maker to meet the
duty of engaging with the Habitats Directive when licensing
this activity. Appropriate requirements to secure necessary
mitigation should be agreed with Natural England / the
MMO.

European Sites designated under the Habitats Directive are
considered within this impact assessment. Where there is
potential for a likely significant effect (LSE). These sites have
been taken forward for consideration as part of an HRA.
Species listed as EPS under the Habitats Directive are
considered as part of this application. Further information, in
the form of a draft EPS licence application (offshore), is being
submitted. Appropriate mitigation will be discussed with the
SNCBs and incorporated into the MMMP.

Full consultation should be undertaken with statutory
consultees so that the scope for assessment and
methodology is agreed in full.

Full consultation with the SNCBs was undertaken throughout
Project One and lessons learnt from this have been applied to
Project Two (Table 4.4).

Consideration of corkscrew effects on harbour seals using
the cable route corridor should be addressed with possible
mitigation measures.

The Developer will follow best practice in accordance with
latest guidance (JNCC, 2012) the detail of which will be
established through consultation with statutory advisors
(paragraph 4.6.259 et seq. and Table 4.21). Any procedures
agreed will be incorporated into the Construction and
Monitoring Programme.
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Consultee

JNCC and Natural
England

MMO

Lincolnshire Wildlife
Trust (LWT) /
Yorkshire Wildlife
Trust (YWT)

Form of
response

Scoping
opinion

Scoping
opinion

Meeting

Stage of
Response

Scoping

Scoping

Project
update

Date issue
raised

November
2012

November
2012

Issues raised

How/where addressed

The potential effects of underwater noise during operation
and the potential environmental impacts of the
decommissioning phase and how such impacts may be
mitigated should be fully addressed.

The impact assessment considers underwater noise during
construction, operation and decommissioning of Project Two
(Section 4.6). Project design mitigation is outlined in Table
4.21.

Potential effects on marine mammals from noise during
construction – both at a project-level and cumulatively.

The impact assessment considers the potential impact of
underwater noise during construction for Project Two and in
the CIA (Sections 4.6 and 4.7, respectively).

A full assessment in relation to gaining an EPS licence
should be presented throughout the ES to provide comfort to
SNCBs that this has been considered.

A draft EPS licence application (offshore) is being submitted
as part of this application and will be compiled in accordance
with the latest guidelines from the MMO.

Corkscrew injury/death should be given due consideration in
the impact assessment during construction and operation /
maintenance phases. The assessment should consider
possible impacts to the Humber Estuary population and
possible mitigation methods.
Where possible cable installation vessels using ducted
propellers during the installation and maintenance of the
cable should not be used within 4 NM of a seal colony during
seal breeding seasons (harbour seal 1 June – 31 August;
grey seal 1 October – 31 December).

The Developer will follow best practice in accordance with
latest guidance (JNCC, 2012) the detail of which will be
established through consultation with statutory advisors
(paragraph 4.6.259 et seq. and Table 4.21). Any procedures
agreed will be incorporated into the Construction and
Monitoring Programme.

Noise modelling assessments conducted for Hornsea
Project One and the wider Hornsea Zone must be revisited
and additional modelling undertaken that is specific to
Hornsea Project Two.

Underwater noise modelling has been carried out specifically
for Project Two for single and concurrent piling within Subzone
2 and cumulatively with Project One (Sections 4.6 and 0,
respectively).

Update on Project Two

No actions required

Concerns raised regarding cable installation in the intertidal
and in the vicinity of Donna Nook seal colony and potential
for “seal corkscrew deaths”.

Effects of collision risk on marine mammals (including
corkscrew injury on seals) has been assessed in paragraphs
4.6.254 et seq. during construction and paragraphs 4.6.331 et
seq. during operation.

Effects of underwater noise on marine mammals was raised,
including the potential for suction bucket foundations to be
used to reduce noise emissions.

Effects of underwater noise on marine mammals has been
fully assessed in paragraphs 4.6.56 et seq. Suction bucket
foundations have been included in the project description (see
Volume 1, Chapter 3: Project Description), although to ensure
the maximum adverse scenario has been assessed, the
impact assessment considers noise from piling of monopile
and jacket foundations (see Table 4.17).

4 July 2014
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Consultee

Natural England

Form of
response

Letter

Stage of
Response

Phase 2
Consultation
(Section 42
Response)

Date issue
raised

30 July 2014

Issues raised

How/where addressed

Note that the Environmental Statement will be revised, prior
to final submission, to incorporate the outputs of the interim
PCoD model, Disturbance Effect on the Harbour Porpoise
Population in the North Sea (DEPONS) and the piledrivability study.

An interim version of the PCoD approach, based on expert
elicitation, was made available in September 2014. Following
the interim PCoD protocol workshops in September 2014,
SMart Wind ran some initial scenarios for Project Two alone, to
understand the input requirements and sensitivities of the
model. There is uncertainty as to the applicability of the PCoD
model for Project Two alone (paragraph 4.6.52) and
discussions with Natural England suggest that the model will
be more useful at a strategic/industry level to assess
cumulative effects.
The 2014 DEPONS annual meeting was held in November,
however the DEPONS annual report for 2014 has not been
published, and as such, detailed information was not available
in time to include for submission. However, an overview of the
findings to date was available through communication with the
key scientists and where relevant information has been
included here as personal communications (pers. comm.).
The pile drivability study was competed and the construction
programme updated as a result of this study. This has been
updated within this chapter.

Consideration of methods of reducing acoustic output of pile
driving (e.g., sleeving, bubble curtains), or alternative
installation methods other than piling (such as suction
buckets), should be considered within the Environmental
Statement.

Bubble curtains and sleeves are currently not considered
feasible technology in offshore environments such as Project
Two due to distance offshore, water depth and sea conditions;
mitigation measures proposed are as outlined in Table 4.21.
Alternative installation methods such as suction buckets are
included within the project design of Project Two (see Volume
1, Chapter 3: Project Description).

There is no discussion in the draft Environmental Statement
of potential barrier effects that could arise during concurrent
piling across several projects

Barrier effects on marine mammals as a result of cumulative
subsea noise impacts are considered in paragraph 4.7.13.

Inaccuracies over projects included in the CIA in Table 4.61.
Tier 1 should include the Lynn and Inner Dowsing (LID)
projects.

Table 4.50 and Table 4.51 have been updated with the latest
information on the development stage of each wind farm under
consideration. Projects that were built and operational at the
time of the Project Two marine mammal surveys have been
excluded from the assessment (see paragraph 4.7.3).

Rock Unique renamed as ‘North East of Farne Deeps’ and is
also now a designated MCZ. Request clarification as to why
Swallow Sand MCZ and Fulmar rMCZ have not been
included in the assessment.

Text relating to regional designations, including rMCZs and
MCZ has been updated in paragraph 4.5.38 et seq. Sites
screened into the assessment are described in paragraphs
3.2.73 et seq. of Annex 5.4.1: Marine Mammal Technical
Report.

Concerns relating to how the lack of acoustic surveys to the
north of 53° 50’ N has affected the results of the acoustic
surveys, and their interpretation.

Acoustic surveys are described in paragraph 2.5.5 of Annex
5.4.1: Marine Mammal Technical Report.
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Consultee

LWT / YWT

Form of
response

Letter

Stage of
Response

Phase 2
Consultation
(Section 42
Response)

Date issue
raised

30 July 2014

Issues raised

How/where addressed

It is noted that the worst case with regards to noise impact of
piling on marine mammals is taken at locations where the
highest density of mammals was observed during surveys.
Has any consideration been given to ground conditions at
these sites, and any impacts these may have on potential
underwater noise?

Ground conditions were taken into account in the engineering
pile driveability study, which was done to determine the
hammer energy that may be required across the Project Two
wind farm site (see paragraph 4.6.76).

Request further explanation for statement that ‘the Mweighting is applied in much the same way as the Aweighting is applied in airborne acoustics when considering
the perceived response of a human receptor’.

Clarification is provided in paragraph 5.3.1 of Annex 4.3.2:
Subsea Noise Technical Report.

Usual advice is that 2 m burial depth is appropriate to
mitigate against EMFs.

Mitigation measures outlined in Table 4.21 clarified to reflect
Natural England’s advice.

Clarification over controls proposed for the accidental
release of potential contaminants from rigs and
supply/service vessels.

Proposed mitigation measures are outlined in Table 4.21.

Consideration should be given to potential impacts arising
from the close proximity of export cables for Project Two and
Project One.

Cables are designed with protective sheathing to reduce
potential magnetic and electric fields and there is a minimum
separation distance for cables (ranging from 40 m to 100 m or
greater) to reduce any risk of cross-damage to proximate
cables. Therefore there is unlikely to be potential impacts from
adjacent cables.

Suggest a table directly comparing SCANS II data with site
specific data.

SCANS II density data are directly compared with site specific
data for each cetacean species in paragraphs 4.2.25, 4.3.15
and 4.4.11 of Annex 5.4.1: Marine Mammal Technical Report.

Request that the MMMP is approved by the MMO, in
consultation with the Relevant Statutory Nature
Conservation Body.

The DMLs have been amended to make provision for
consultation with SNCBs in relation to the marine mammal
mitigation plan. Proposed mitigation measures are outlined in
Table 4.21.

Note that behaviour of pinniped species alters when
exposed to loud noise, with more time spent with their head
out of water. Has any consideration been given to whether
the altered behaviour could affect the animal’s ability to flee
the source of the noise?

The noise model takes a precautionary approach in assuming
that animals are exposed to sound pressure at all times (at
mid-water depth) with no temporal hearing recovery when the
animal is at the surface (see paragraph 4.6.37).

Do not find it acceptable that with a predicted moderate
adverse impact, no further mitigation is proposed at this
stage. Do not agree that simply by considering this over the
long term the impact can be reduced to minor and believe
that further mitigation needs to be suggested to reduce
impact in the short and medium term.

Mitigation measures proposed are as outlined in Table 4.21
and due to the potential for an impact of moderate adverse
significance, additional mitigation methods (such as a piling
plan) will be considered in an effort to reduce the significance
of the potential effect. Any mitigation measures will be
discussed and agreed with the statutory advisors prior to
construction of Project Two and implemented as part of the
CoCP (see paragraphs 4.6.126 and 4.6.159).
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Consultee

Natural England

Natural England

LWT / YWT

Form of
response

Stage of
Response

Date issue
raised

Issues raised

How/where addressed

What marine mammal monitoring is proposed during and
post construction?

Marine mammal monitoring is discussed in paragraphs 4.6.302
et seq.

Concerns relating to the validity of the data used to inform
the reference population estimate for the impact
assessment, specifically relating to the use of SCANS II (i.e.,
now 9 years old and represents just a snap shot in time).

The reference populations have been determined on the basis
of the most recent guidance from JNCC and the SNCBs which
came out in 2013 (see paragraphs 4.5.19 et seq.

Concerns over the survey data used to inform the project
site marine mammal estimates; do not believe that boat
based surveys, with the primary function being for
ornithological recording, is adequate for surveying marine
mammals especially harbour porpoise. We would question
why aerial surveys were not commissioned.

Marine mammal surveys followed a recommended approach
and was agreed in advance with JNCC in February 2011 (see
paragraph 4.5.4).

Telephone
conference

Phase 2
Consultation
(Section 42
Response)

12 August
2014

Discussion of Section 42 Responses and how these are to
be addressed within the Environmental Statement.

As detailed above.

Meeting

Phase 2
Consultation
(Section 42
Response)

18 August
2014

Discussion of Section 42 Responses and how these are to
be addressed within the Environmental Statement.

As detailed above.

Discussion of Section 42 Responses, how these are to be
addressed within the Environmental Statement and early
Statement of Common Ground.

As detailed above.

Since issuing the Section 42 response, a second review of
the documentation has been undertaken which has raised a
further query with respect to the method of CIA for marine
mammals. Queries regarding why the approach for CIA was
different to that used for the project alone.

A regional marine mammal study area was defined (see
paragraphs 4.2.4 et seq.) within which a literature review of the
marine mammal populations has been undertaken to provide
context to the assessments for Project Two alone and the CIA.
This same study area was used as the screening boundary for
the CIA and was the area within which projects were identified
that could interact cumulatively with Project Two.
The reference populations were based on the latest guidance
from the SNCBs and relate to the populations within the MU for
each species (see paragraphs 4.5.19 et seq.). The same
reference populations have been used for both Project Two
alone and for the CIA. The screening boundary differs from the
reference population because for some species (e.g., minke
whale) the MU included the whole of British waters as the
population. It would be both unrealistic and difficult to carry out
a robust CIA for every project around the whole British
coastline,

Meeting

Phase 2
Consultation
(Section 42
Response)

6 October
2014
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Consultee

Natural England

Form of
response

Telephone
conference

Stage of
Response

Phase 2
Consultation
(Section 42
Response)

Date issue
raised

10 October
2014

Issues raised

How/where addressed

Advised that Natural England were looking at a strategic
approach to CIA but this is not being done at present and as
such there is no standard approach in the industry on how to
measure this impact.

In the absence of a strategic approach to CIA, the methodology
used for the Project Two cumulative assessment is outlined in
Section 4.7.

Requested further clarification as to why aerial surveys were
not completed.

When the marine mammal surveys were set up for the Zone
and Subzones back in 2009, digital aerial survey was in its
infancy and the decision was made that boat-based surveys
would provide more a more robust dataset. Once these
surveys were underway, it was not appropriate to change the
methodology and approach due to the limitations of comparing
boat-based and aerial survey data. Future surveys within the
Hornsea Zone may be carried out using aerial survey on
agreement with SNCBs of a suitable and robust methodology.

Are outputs from DEPONS available yet?

The 2014 DEPONS annual meeting was held in November,
however the DEPONS annual report for 2014 has not been
published, and as such, detailed information was not available
in time to include for submission. However, an overview of the
findings to date was available through communication with the
key scientists and where relevant information has been
included here as personal communications (pers. comm.).

Concerns as to the potential for corkscrew injuries on seal
species and in particular the potential for disturbance to grey
seal breeding colony at Donna Nook NNR.

The Developer will follow best practice in accordance with
latest guidance (JNCC, 2012) the detail of which will be
established through consultation with statutory advisors
(paragraph 4.6.259 et seq. and Table 4.21). Any procedures
agreed will be incorporated into the Construction and
Monitoring Programme.

Discussion of Section 42 Responses and how these are to
be addressed within the Environmental Statement.

As detailed above.
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Consultee

LWT / YWT

Form of
response

Email

Stage of
Response

Date issue
raised

Issues raised

How/where addressed

Further discussion on reference populations. Agree that for
species where the management unit is the whole of British
waters, it would be inappropriate for the screening boundary
to include all British projects. However, where the reference
population is more defined, i.e. harbour porpoise and the
North Sea, we do not believe that limiting the screening
boundary to SCANS Block U is appropriate. If that is the
screening boundary used, then the assessment should be
based on the population in the same area, e.g. SCANS
Block U.

Defining the regional study area as the whole of the North Sea
would have resulted in the cumulative assessment not being
focused on the key projects or developments most likely to
have an interaction with Project Two. Therefore, the regional
marine mammal study area was refined to SCANS Block U and
peripheral areas to ensure that we had captured the key
projects and sites of conservation interest highlighted through
consultation. This still covered a very extensive area and
therefore will capture ecological changes in the population
moving between sites in this region. Using the population from
the same area (e.g., SCANS Block U) would not be appropriate
as the separate SCANS Blocks do not represent subpopulations, only boundaries of surveys areas. Therefore,
following SNCB advice, we applied the reference populations
within the defined MUs for each species, thus we use BI waters
for minke whale and white-beaked dolphin and similarly we
used North Sea for harbour porpoise. In order to provide
context with SCANS Block U as the regional study area we
compare Project Two site-specific abundance and densities
with the abundance and density of marine mammal species in
Block U, and we also show the proportion of the MU population
represented in Block U.
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4.5

Nature conservation

Baseline Environment
Methodology to Inform Baseline

4.5.3

Desktop study
4.5.1

A literature review was conducted to gather published scientific data on marine
mammal ecology including life history parameters, distribution, abundance density,
target prey species, reproduction and moulting behaviour (seals) for all species
known to exist within the North Sea. Existing data and information from published
databases were also collated for Project Two to supplement the site-specific field
surveys and these are summarised below:








4.5.2

All sites of nature conservation interest within the study areas (as defined in
Section 4.2) that could be affected by the construction, operation and
decommissioning of Project Two for marine mammals, were identified using a three
step process as described below:


Aerial cetacean survey, cetaceans sighting map for the Greater Wash based
on the Wildfowl and Wetlands Trust (WWT) aerial survey data collected between
October 2004 and August 2006 (WWT, 2005) provided information on cetacean
distribution along inshore areas;
SCANS data, cetacean abundance data from boat-based line transect and
aerial surveys of the North Sea, conducted in 1994 and from 2004 to 2006 which
is useful in providing a regional context against which to compare site-specific
data;
Seal telemetry study, grey and harbour seal telemetry tagging data from 1988
and 2001 respectively was gathered by SMRU within the Humber area (SMRU,
2011) and provided specific information of movements of individuals seals
between key haul-out and the Project Two marine mammal study area; and



Seal at-sea density maps, grey and harbour seal telemetry data from 1991 to
2010 and 2003 to 2006 respectively, was combined with aerial survey data
collected annually between 1988 and 2009 by SMRU (Jones and Matthiopoulos,
2012) to produce species maps of estimated at-sea usage within the Hornsea
Zone and the wider offshore area, including the cable route corridor.

Step 1: All sites of international, national and local importance for nature
conservation within the regional marine mammal study area were identified
using a number of sources:
•

European Site European Nature Information System (EUNIS) database for
international
designations
(SACs,
cSACs,
SCIs,
pSCIs)
(http://www.databaseeunis.eea.europa.eu/);

•

Final Recommendations Reports of the Net Gain and Balanced Seas
projects for rMCZs (Net Gain, 2011);

•

JNCC and Natural England websites for individual citations for European
sites and the Department for Environment, Food and Rural Affairs (Defra)
website for national and local designations (NNRs, SSSIs and LNRs); and

•

Responses within the Project Two Scoping Opinion (PINS, 2012),
consultation with JNCC, Natural England and SNCBs of other Member
States was undertaken to ensure that all relevant designated sites were
considered within this nature conservation assessment.

Step 2: Information was compiled on the relevant qualifying marine mammal
species for each of the sites identified in Step 1 as follows:
•



Historical information to provide further context on the abundance and distribution of
marine mammals within the Project Two marine mammal study area was taken from
the following sources:

Step 3: Using the above information and expert judgement, sites were included
for further consideration in the following circumstances:
•



Annual reports by the Special Committee on Seals (SCOS) (SCOS, 2010 2011,
2012);

•



Atlas of Cetacean Distribution in northwest European Waters (Reid et al., 2003);

•



UK Cetacean Status Review (Evans et al., 2003); and



Various Environmental Statements produced for other offshore wind farms in the
Greater Wash region (SMartWind, 2013; Centrica Energy, 2007, 2008, 2009;
Dong Energy, 2009; Dudgeon Offshore Wind farm Ltd, 2009; Humber Wind Ltd,
2008; Scira Offshore Energy Ltd, 2006).

•
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Existing data and information as described in paragraph 4.5.1 and the
known occurrence of species within the regional marine mammal study
area was based on the results of the Project Two site-specific marine
mammal surveys which are presented in this chapter.

A designated site directly overlaps with Project Two including the offshore
cable route corridor (up to Mean High Water Springs (MHWS));
The mean maximum foraging or migratory range of a qualifying species
(where relevant) from a designated site overlaps with Project Two;
Sites and associated features were located within the potential zone of
impact for impacts associated with Project Two (e.g., increase in
underwater noise (e.g., piling, vessels), risk of collision, impacts on prey
species);
Species of a designated site were recorded as present during the sitespecific surveys and listed as either a primary reason for site selection or
listed as a qualifying feature;

•

•

•

Where national and locally designated sites (i.e., SSSIs, rMCZs and NNRs
fall within the boundaries of an internationally designated site (e.g., SACs,
SCIs), only the international site was taken forward for assessment, as
potential effects on the integrity and conservation status of the nationally
designated site are assumed to be inherent within the assessment of the
internationally designated site (i.e., a separate assessment for the national
site is not undertaken). In some cases, however where a national site
forms a component of an international site, but the latter designation does
not list a qualifying feature (species) that is present on the national site
citation, the individual nationally designated site may be taken forward for
further assessment for that particular feature;
Where a national site falls outside of an international site, but within the
Project Two marine mammal study area, the national site will be taken
forward for further assessment for a particular feature; and
The MCZs that have been taken forward for consideration in this impact
assessment are those that were designated as MCZs in the first tranche in
2013, and are sites that fall within the regional study area (Figure 4.1). In
line with guidance issued by the MMO, which advises that there is a need
for formal assessment of only those sites that are selected for designation
(MMO, 2013), the remaining rMCZs were not considered further within this
assessment. A list of all the rMCZs is provided as part of the marine
mammals baseline characterisation in Annex 5.4.1: Marine Mammal
Technical Report, including those that have been shortlisted for
consideration in the second tranche, with public consultation planned for
early 2015 (Defra, 2014a).

Section 3.3, Annex 5.4.1: Marine Mammal Technical Report). Monthly survey
coverage over the entire survey period has been illustrated in Appendix B.1.2, Annex
5.5.1: Ornithology Technical Report. All sightings were recorded using an adaptation
of the standard JNCC European Seabirds at Sea (ESAS) survey method (Webb and
Durinck, 1992) to record angle and distance to marine mammal sightings. Surveys
were carried out in good weather wherever possible and were halted if sea state
exceeded sea state 4, as recommended by Camphuysen et al. (2004).
4.5.6

Data Analyses
4.5.7

The marine mammal survey data collected through the boat-based and acoustic
surveys were analysed in order to estimate distribution, abundance, density and
seasonal variation. Details of the analyses undertaken are presented in Section 2.4 of
Annex 5.4.1: Marine Mammal Technical Report.

4.5.8

Quantitative assessment of potential effects was based on the modelled surface
density maps produced for each species using all three years of pooled data. Data
were analysed using the program ‘DISTANCE’ (Thomas, 1999; Thomas et al., 2010)
and Generalised Additive Models (GAMs). Where possible absolute density
(correcting for bias in detection probability) was estimated as this metric is suitable for
comparison across other areas and/or studies. Detection probability, denoted as g(0),
is commonly estimated where data has been collected from dual observer platforms
aboard a survey vessel. Dual platform data were not available from the site-specific
Project Two surveys and therefore alternative means for estimating g(0) were
adopted in the analysis. For harbour porpoise it was possible to estimate g(0) using
the acoustic hydrophone data as the second platform, whist for grey seal, telemetry
data on availability at the surface was used to calculate g(0). For all other species,
there was no reliable method to estimate g(0) and therefore the densities presented
were relative, rather than absolute. A literature review of published values of g(0) was
undertaken, however, to put the relative densities into perspective. Details on the
approaches used to estimate g(0) are provided in Section 2.4 and Appendix B in
Annex 5.4.1: Marine Mammal Technical Report.

4.5.9

Estimates were made for both mean density for each species within each survey
zone (i.e., Subzone 2, Subzone 2 plus 4 km buffer, Hornsea Zone, Hornsea Zone
plus 10 km buffer) using a design-based approach, and for surface-densities (i.e.,
spatially explicit) for each species across the whole Hornsea Zone plus 10 km buffer
using a model-based approach.

Site-specific surveys
4.5.4

Three years of site-specific field surveys were undertaken from March 2010 to
February 2013. Boat-based visual and acoustic transect line surveys across both
Subzone 2 and the wider Hornsea Zone were carried out on a monthly basis in order
to assess marine mammal abundance and density. All survey extent, effort and
methodology were consulted on and agreed in advance through consultation with
JNCC and Natural England. Further details of all survey methods used are included
in Section 2.3 of Annex 5.4.1: Marine Mammal Technical Report.

4.5.5

The total area surveyed included Subzone 2 plus a 4 km buffer and the Hornsea
Zone plus a 10 km buffer. Visual surveys for marine mammals were carried out
concurrently with surveys for seabirds, and were conducted in both survey areas
along transect lines spaced 2 km apart within Subzone 2 and 6 km apart within the
Hornsea Zone. Priority was always given to the survey effort of Subzone 2 due to the
recognition that poor weather conditions, short day length (during winter) and
logistical limitations may halt some surveys. Indeed, complete coverage within
Subzone 2 was not possible in some winter months due to these reasons (see

The visual marine mammal data was augmented by acoustic data from surveys
carried out in order to detect any cetacean vocalisations from either harbour porpoise
or dolphin species where surface activity may not have been recorded due to poor
sea state. Acoustic surveys consisted of a towed hydrophone and on-board recording
station and were undertaken monthly from March 2011 to February 2013.
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4.5.10

The GAMs for each species used the spatial records of marine mammal sightings
along the survey tracklines together with data on environmental and geographic
factors collected in situ to extrapolate the estimates of absolute or relative density
over the Hornsea Zone plus 10 km buffer (Table 2.1 in Annex 5.4.1: Marine Mammal
Technical Report). The model incorporated sea state as one of the explanatory
variables since there was strong evidence that sea state has a noticeable effect on
sightings rate (Figure 3.18 in Annex 5.4.1: Marine Mammal Technical Report). A
more detailed investigation of the effect of sea state on density estimates was also
carried out following a consultation response received from Natural England/JNCC
during Project One consultation (Table 4.4). This was explored for harbour porpoise
only, as there was a sufficient sample size to sub-divide the data into sea states for
this species. The analyses were repeated in order to estimate g(0) (and other key
parameters that defined the model) in different sea states and consequently produce
density estimates for comparison between sea states 0 to 4.

4.5.12

Data from local biological records centres of land-based sightings over a 23 year
period show that most whale and dolphin species are infrequent visitors to this part of
the North Sea, with the exception of harbour porpoise, which was regularly sighted
along the Greater Wash coastline. Although, this may be, to some extent a caveat of
land-based sightings, other historical datasets, such as SCANS, SCANS-II, and the
Atlas of Cetacean Distribution suggest that many species of whale and dolphin have
a more northerly distribution in European waters (Reid et al., 2003; Hammond et al.,
1995; SCANS-II, 2006). For example, fin whale, sperm whale, Cuvier’s beaked
whale, long-finned pilot whale, northern bottlenose whale and Atlantic white-sided
dolphin occur primarily to the northern Isles of Scotland and/or western Scotland and
Ireland, whilst bottlenose dolphin and short-beaked common dolphin are distributed
mainly to the north and west of the British Isles, although they are also found in the
southwest (Evan et al., 2003; Reid et al., 2003).

4.5.13

Although there were very few historical land-based sighting records of minke whale
and white-beaked dolphin, both species are known to occur throughout the southern
North Sea (SCANS-II, 2006), although this represents the southern limit of their
distribution (Evans et al., 2003; Reid et al., 2003; Hammond et al., 2001).

4.5.14

Based on the historic records of marine mammals in the southern North Sea and sitespecific surveys for Project One and Project Two, the five key marine mammal
species identified as important receptors within the regional marine mammal study
area were: harbour porpoise, white-beaked dolphin, minke whale, harbour seal and
grey seal. Harbour porpoise is the most common cetacean in the North Sea with
densities highest in the central North Sea (SCANS-II, 2006). The Greater Wash is
also a key area for both minke whale and white-beaked dolphin, although both
species tend to have higher densities in more northerly, cooler offshore areas (Evans
et al., 2003; Reid et al., 2003; Hammond et al., 2001; SCANS-II, 2006). Harbour and
grey seals are also common throughout the Greater Wash with large breeding
colonies situated along the coastlines here, although the majority (approximately
80%) of their breeding population occurs in Scottish waters (SCOS, 2012).

4.5.15

These historical findings are supported by the site-specific boat-based visual and
acoustic surveys within the wider Project Two marine mammal study area which
recorded harbour porpoise, minke whale, white-beaked dolphin, harbour seal and
grey seal frequently over the three years of surveys. Rare sightings during the sitespecific surveys included one sighting of a pod of three bottlenose dolphin during
year 1 of the surveys and a total of three short-beaked common dolphins during year
three of the surveys. Furthermore, site-specific surveys of other offshore wind farms
in the southern North Sea also identified the same suite of species in their baseline
descriptions.

Characterisation of the Baseline Environment
Marine mammal overview
4.5.11

Eight marine mammal species occur regularly throughout the North Sea. Two
pinniped species; grey seal Halichoerus grypus and harbour (common) seal Phoca
vitulina, and six cetacean species; harbour porpoise Phocoena phocoena, bottlenose
dolphin Tursiops truncatus, white-beaked dolphin Lagenorhynchus albirostris, Atlantic
white-sided dolphin Lagenorhynchus acutus, minke whale Balaenoptera
acutorostrata and killer whale Orcinus orca (Hammond et al., 2001). Land-based
sightings records (1990 to 2013) held by the Greater Lincolnshire Nature Partnership
(GLNP) and the Norfolk Biodiversity Information Service (NBIS) identify six other
cetacean species recorded along the Lincolnshire and North Norfolk coastlines,
including: northern bottlenose whale Hyperoodon ampullatus, Cuvier’s beaked whale
Ziphius cavirostris, fin whale Balaenoptera physalus, long-finned pilot whale
Globicephala melas, sperm whale Physeter macrocephalus, and short-beaked
common dolphin Delphinus delphis, however, sightings of these species are relatively
rare in the North Sea.
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Regional and national population estimates
4.5.16

4.5.17

4.5.18

In order to understand the importance of the Project Two marine mammal study area
within the wider region, the density and abundance estimates for cetaceans from the
site-specific data were compared with the estimates within the regional marine
mammal study area (SCANS Block U). Subsequently the density and abundance
values for Block U were looked at in the context of the wider North Sea in order to
determine the importance of the regional study area. Data for these two areas was
based on the most recent modelled abundance estimates for SCANS-II (Hammond et
al., 2013) and is presented in Table 4.6. The SCANS blocks that fall within the North
Sea region are B, H, J, L, S, T, U, V and Y. Harbour porpoise were sighted in all of
these blocks, whilst minke whale and white-beaked dolphin both occurred in Blocks J,
T, U and V, and minke whale also occurred in Block B (Table 4.6). Average modelled
densities for the North Sea SCANS blocks have been presented as a range for
comparison (Table 4.6).
The importance of the SCANS Block U populations in Table 4.6 in the context of the
wider North Sea for cetacean populations was assessed by calculating the proportion
of the North Sea population present within SCANS Block U. For harbour porpoise,
the SCANS Block U population represents approximately 37.9% of the total North
Sea population with values of 4.7% for white-beaked dolphin and 25.7% for minke
whale. These percentages demonstrate that SCANS Block U and therefore the
regional marine mammal study area are relatively important habitat ranges for both
harbour porpoise and minke whale, although less so for white-beaked dolphin.
Since the SCANS survey blocks are not uniform in size, a more relevant comparison
is to look at density, since spatial effects cannot be considered based on the
abundance estimates alone. Block U density estimates for all three cetacean species
echo the relative importance of the south central North Sea for that species’ habitat
range. Harbour porpoise have the highest density in this area (0.598 animals km-2),
compared with the North Sea range of 0.125 to 0.598. Similarly, the density value for
minke whale is the second highest in the North Sea at 0.023 animals km-2, with only
Block V, immediately above Block U with a slightly higher density of 0.028 animals
km-2. For white-beaked dolphin other SCANS blocks within the northern North Sea
have much higher density estimates compared to Block U, highlighting their
preference for more northerly waters and cooler temperatures. The highest density of
white-beaked dolphin in the North Sea was in Block J, in northern Scotland (Orkneys)
where an average of 0.029 animals km-2 was estimated (Hammond et al., 2013). The
coefficient of variation (CV) value for white-beaked dolphin is high in Block U
suggesting a high level of variation in the average abundance estimates for this
species. This may be due to the peripheral location of Block U within the natural
habitat range for white-beaked dolphin and therefore the low sighting probability.

Table 4.6

SCANS-II abundance and density estimates for cetaceans showing the
mean abundance and density for the SCANS blocks within the North Sea
and for Block U (Hammond et al., 2013). Favourable Conservation Status
(FCS) within UK waters is also given for the three key cetacean species
identified for the Project Two marine mammal study area.
North
Sea
density
range
(animals
km-2)

Block U

Block U
abundance
(N)

Block U
density
(animals
km-2)

Coefficient
of
Variation

Species

North Sea
abundance
(N)

Favourable
Conservation
Status1

Harbour
porpoise

247,631

0.125 –
0.598

93,938

0.598

0.28

Favourable

Whitebeaked
dolphin

10,557

0.003 –
0.029

501

0.003

0.97

Favourable

Minke
whale

14,201

0.010 –
0.028

3,655

0.023

0.69

Favourable

1

The report on the implementation of the Habitats Directive, containing the species and
habitats FCS status is available at http://jncc.defra.gov.uk/page-4063

Marine management units and reference populations
4.5.19

Management Units (MUs) have been set out by the UK Statutory Nature
Conservation Bodies (SNCBs) in order to define reference populations for marine
mammals around the British Isles (IAMMWG, 2013) and are based on natural
geographical boundaries, the ecology and life history of the named species and preexisting management schemes (Figure 4.3). Population estimates for each MU have
been derived primarily from the most recent modelled abundance estimates for
SCANS-II (Hammond et al., 2013). However, where MUs extend outside the SCANS
survey areas, data from the Cetacean Offshore Distribution and Abundance (CODA)
in the European Atlantic have been used to estimate abundances for cetacean
species. Pinniped species reference populations have been based on data from
Special Committee on Seals (SCOS, 2010, 2011, 2012).

4.5.20

The purpose of the MUs is to provide an indication of the scale at which the impacts
of plans and projects alone and cumulatively on key marine mammal species need to
be assessed on a consistent basis across the UK. The use of the MUs as reference
populations has been undertaken in response to consultation with JNCC and NE
(Table 4.4). Table 4.7 gives the reference population for each marine mammal
receptor assessed in this chapter.
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Table 4.7

Species

Estimated population sizes for each of the key marine mammal species
within relevant Management Units for Project Two. Source: IAMMWG
(2013).
Management
Unit code

Total
abundance
estimate

Coefficient
of
Variation

95%
Confidence
Interval

Data
Source

Harbour
porpoise

North Sea (NS)

227,298

0.13

176,360 292,948

SCANS-II

White-beaked
dolphin

British and Irish
waters (BI)

15,895

0.29

9,107 –
27,743

SCANS-II

Minke whale

BI

23,163

0.27

13,772 –
38,958

SCANS-II
and CODA

6,943a

-

10,350b

-

5,684 - 8,662a
7,550 14,550b

Autumn
haul-out,
SMRU,
SCOS

-

Autumn
haul-out,
SMRU,
SCOS

Grey seal

Harbour seal

SE England

SE England

3,567
(4,954)c

-

a

Local breeding population size: estimated from the pup production counts based on a ratio of
2.076 using the UK population estimate: UK pup production count; 95% CIs also based on UK
figures (SCOS, 2012).

b

Summer population size: estimated from the grey seal pup count converted using a scaling
factor of 3.3273 based on North Sea population model; 95% CIs also based on scaling factors
in Lonergan et al. (2011).
c

This is presented as a minimum population and in parenthesis a corrected estimate since
0.72% of the population may be available for counting (i.e., hauled out) at any one time
(Lonergan et al., 2012).
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Figure 4.3

Delineation of Management Units for key marine mammal species within the Project Two marine mammal study area (source: IAMMG, 2013).
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4.5.23

A summary of the legislation and nature conservation relevant to the protection of
marine mammals is given in Table 4.8.

4.5.24

As a signatory to the Marine Strategy Framework Directive (MSFD), the UK also
makes a commitment to conservation through the achievement of GES for their seas
by 2020 (see paragraphs 4.3.6 and 4.3.7, and Table 4.3). GES involves protection of
the marine environment (through designation of marine protected area (MPAs)) and
by preventing its degradation and promoting restoration where possible. GES also
promotes sustainable use of marine resources. The Directive sets out 11 descriptors
of GES ranging from maintenance of biological diversity to energy introduced into the
environment (i.e., underwater noise). Of these descriptors, eight are relevant to
marine mammals, which have been summarised in Table 4.3, along with descriptions
of how each has been considered in this marine mammal assessment from Project
Two alone and cumulatively with other projects/plans.

Designations and legislation
4.5.21

The Habitats Directive promotes the maintenance of biodiversity by requiring Member
States to maintain or restore natural habitats and wild species listed in the Annexes to
the Directive and by introducing protection for habitats and species of European
importance. The Habitats Directive contributes to a coherent European ecological
network of protected sites by designating SACs for habitats listed on Annex I and for
species listed on Annex II of the Directive.

4.5.22

The Habitats Directive and the transposing Conservation of Habitats and Species
Regulations 2010 (as amended) (the ‘Habitats Regulations’) and the Offshore Marine
Conservation (Natural Habitats, c.) Regulations 2007 (as amended) (the ‘Offshore
Habitats Regulations’) require development projects to consider the impacts of
potential developments on sites and species of international nature conservation
importance. Where any plan or project is likely to significantly affect features of a
nature conservation site which has been designated under the Habitats Regulations
or Offshore Habitats Regulations, a HRA is required and the competent authority must
undertake an appropriate assessment of the potential impacts of the project against
the site’s conservation objectives. The HRA Report: Information to Support the
Appropriate Assessment for Project Two is presented in SMart Wind (2014).

Table 4.8

Species

Summary of legislation relevant to the protection of key cetaceans and pinnipeds identified for Project Two.
Bonn
Convention
Appendix II

Bern
Convention
Annex II &
III

OSPAR
ASCOBANS

CITES

Threatened
and/or
Declining
Species

Appendix
I, II

Habitats
Directive

WCA 1981
(amended)

Annex II,
IV, V

Schedule 5,
6

Habitats
Regulations
2010
Annex 2, 4

Offshore
Habitats
Regulations
2007

Conservation of
Seals Act 1970

UK BAP
Priority
Species

Schedule 1, 3

Harbour
porpoise



II





II

II, IV

5, 6

2

1

-

HP

Whitebeaked
dolphin



II



-

II

IV

5

2

1

-

SD

Minke
whale

-

III

-

-

I

IV

5

2

1

-

BW

Harbour
seal



III

-

-

-

II, V

-

4

3



-

Grey seal



III

-

-

-

II, V

-

4

3



-

SD – small dolphins grouped plan.
HP – harbour porpoise species plan.
BW – baleen whales grouped plan.
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from, such an animal, or to place an advert conveying an intention to buy or sell such
things.

Cetaceans
4.5.25

4.5.26

Cetaceans are listed on Annex IV of the Habitats Directive as animal species of
community interest in need of strict protection. Such species are listed because they
are endangered, vulnerable or rare. Harbour porpoise and bottlenose dolphin are also
listed on Annex II of the Habitats Directive as animal species of community interest
whose conservation requires the designation of SACs. Species listed on Annex IV of
the Habitats Directive are protected under the Habitats Regulations and the Offshore
Habitats Regulations. Such species are referred to as EPS. The Habitats Regulations
make it an offence to deliberately capture, injure or kill any wild animal of an EPS,
deliberately disturb wild animals of any such species, deliberately take or destroy the
eggs of such an animal, or damage or destroy a breeding site or resting place of such
an animal. The Habitats Regulations provide that licences may be granted under
certain circumstances to authorise an activity that would otherwise cause an offence.
Such licences are known as EPS licences and the licensing body in relation to the
English inshore region and the offshore marine area is the MMO. It is expected that
an EPS licence (or consent under the DCO dispensing with the need for an EPS
licence) will be required for the Project Two, where piling of foundations is proposed.
A shadow EPS licence (offshore) will be submitted as part of the DCO application and
is included as part of the Phase 2 Consultation documentation (document reference:
UK06-060700-STM-0006).

4.5.29

Pinnipeds
4.5.30

The Convention on Trade in Endangered Species of Wild Flora and Fauna (CITES)
aims to ensure that international trade in specimens of wild animals and plants does
not threaten their survival. Species covered under CITES are listed in three
appendices according to the level of protection required. Appendix I includes species
threatened with extinction, Appendix II includes species not necessarily threatened
with extinction, but in which trade must be controlled and Appendix III contains
species protected in at least one country. The minke whale appears on Appendix I
with white-beaked dolphin and harbour porpoise appearing on Appendix II (Table 4.8).

4.5.27

OSPAR has established a list of threatened and/or declining species and habitats in
the North-East Atlantic and harbour porpoise are included on this list (Table 4.8). The
list provides an overview of the biodiversity in need of protection in the North-East
Atlantic and is being used by the OSPAR Commission to guide the setting priorities
for further work on the conservation and protection of marine biodiversity under
Annex V of the OSPAR Convention.

4.5.28

Whales and dolphins are further protected by the Wildlife and Countryside Act 1981.
Both whales and dolphins are listed in Schedule 5 to the Wildlife and Countryside Act
and are protected by Section 9(4A) which makes it an offence to intentionally or
recklessly disturb a wild animal listed in Schedule 5, and Section 9(5) which makes it
an offence to offer or expose for sale, or have possession for the purpose of sale, any
live or dead wild animal included in Schedule 5, or any part of, or anything derived

The Convention on Migratory Species (CMS or Bonn Convention) was ratified by the
UK in 1985. It provides for contracting parties to work together to conserve migratory
species and their habitats by providing strict protection for endangered migratory
species (listed in Appendix I of the Convention), concluding multilateral agreements
for the conservation and management of migratory species which require or would
benefit from international cooperation (listed in Appendix II), and by undertaking
cooperative research activities. Under the Bonn Convention, the UK ratified
ASCOBANS, the aim of which is to promote close cooperation amongst contracting
parties with a view to achieving and maintaining a FCS for small cetaceans
(ASCOBANS, 2009).

Both grey and harbour seal are listed on Annex II of the Habitats Directive for which
SACs can be designated for their protection. Seals in England are also protected
under the Conservation of Seals Act 1970. This act prohibits the wilful killing, injuring
or taking of seals during the closed season, which is 1 September to 31 December for
grey seal and 1 June to 31 August for harbour seal. This prohibition is subject to a
number of exceptions and does not apply where a licence has been granted under
Section 10 of the Act. The Act also allows for orders to be made extending the
prohibition, where considered necessary, for the proper conservation of seals.
Designated sites of international, national and local importance
International Designations

4.5.31
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In order to provide context for assessing marine mammal populations as features of
internationally designated sites for Project Two, those sites situated within the
boundary of the regional marine mammal study area have been included in the
assessment. Where potential likely significant effects are identified, these sites are
further considered within the Habitats Regulations Assessment Report: Information to
Support the Appropriate Assessment for Project Two (SMart Wind, 2014). The
relevant European Sites for which marine mammals are a feature are shown on
Figure 4.4 and are as follows:


Humber Estuary SAC;



The Wash and North Norfolk Coast SAC;



Berwickshire and North Northumberland Coast SAC;



Klaverbank SCI;



Dutch Doggersbank SCI;



German Doggerbank SCI;

4.5.32

4.5.33



Noordzeekustzone SAC;



Noordzeekustzone II pSCI; and



Vadehavet med Ribe Ǻ, Tved Å og Varde Å vest for Varde SAC.

Doggersbank SCI. The conservation objectives for both these sites are to
maintain the habitat in such a way that the marine mammal population is
restored and maintained within the central North Sea;

The Waddenzee SAC, although located outside of the regional marine mammal study
area, has been scoped into this assessment for further consideration on advice
received by the Rijkswaterstaat North Sea (Ministry of Infrastructure and Environment
for the Netherlands) during consultation for Project One (meeting held on 13 March
2013).



Waddenzee SAC – this site is located 199.1 km from Subzone 2 and was
originally designated due to the presence of grey and harbour seal populations
which are both listed as primary reasons for site selection. This SAC was
included following consultation with Dutch Rijkswaterstaat (paragraph 4.5.32);



Nordzeekustzone SAC – this site is located 192.6 km from Subzone 2 and has
been included within the baseline following consultation with the Dutch
Rijkswaterstaat, despite being located outside the regional marine mammal study
area. Harbour porpoise, harbour seal and grey seal are all listed as primary
reasons for site selection. Preservation of habitat size and quality are the key
conservation objectives for the site;



Nordzeekustzone II pSCI – this site is located 192 km from Subzone 2 and has
been designated for the same reasons as listed above for the Nordzeekustzone
SAC. Despite being located outside the regional marine mammal study area, this
site was included within the baseline following consultation with Rijkswaterstaat
North Sea; and



Vadehavet med Ribe Ǻ, Tved Å og Varde Å vest for Varde SAC – this site is
located the furthest distance from Subzone 2 at 421.4 km and its north eastern
extent lies just within the regional marine mammal study area (Figure 4.4).
Harbour porpoise are listed as a primary reason for site selection, with harbour
seal and grey seal listed as qualifying features of the site.

The following descriptions for each European Site provide an overview of the
importance of each site and reason for site designation for marine mammal species
relevant to the regional marine mammal study area:




Humber Estuary SAC – although the site of Subzone 2 is located 89.4 km
outside of the SAC boundary, the cable route corridor passes through part of the
inshore SAC area. Grey seal is listed as a qualifying feature for site designation
here although it is not a primary reason for site selection. The grey seal Humber
Estuary SAC feature is currently in favourable condition (Humber Nature
Partnership, 2014). Conservation objectives for the SAC aim to enable the
continuation of pup production through the increased distribution of grey seal
pups within the SAC and the accessibility of the SAC for breeding purposes;
The Wash and North Norfolk Coast SAC – the largest UK colony of harbour
seal is present within this SAC, making them the primary reason for site
designation. The SAC is located 90.5 km from Subzone 2 and is considered one
of the most important marine areas on the North Sea coast. The conservation
objectives are therefore to maintain and restore the site such that the harbour
seal population and distribution can be maintained;



Berwickshire and North Northumberland Coast SAC – situated 242.3 km
form Subzone 2, the primary reason for site selection of this SAC is the presence
of grey seals. The primary conservation objectives include the maintenance and
restoration of grey seal habitats in order to maintain the health of the grey seal
population;



Klaverbank SCI – although currently an SCI, this site is soon to be designated
an SAC based on the presence of harbour porpoise and grey and harbour seals
which are listed as qualifying features. The site lies 49.7 km from Subzone 2 and
straddles both the UK and Dutch sectors of the North Sea. The conservation
objectives for this site focus on maintaining the quality of marine mammal habitat
by managing human activity in the area;



Dutch Doggersbank SCI and German Doggerbank SCI – located 65.5 km and
207.3 km, respectively from Subzone 2. Harbour porpoise is listed as a primary
reason for site selection for both sites, and harbour seal is listed as a qualifying
feature for both. Grey seal is also listed as qualifying feature for the Dutch

4.5.34
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With respect to the Wadden Sea SCI, Project Two is located outside the predicted
foraging range for grey seal and harbour seal (as described above in paragraphs
4.5.74 and 4.5.84, respectively). Counts of grey seal, in particular, are undergoing
exponential rates of increase in Dutch colonies, including those in the Waddenzee
SCI. Tracking studies have revealed that this is, in part, attributable to immigration
from, and movement between, UK colonies, particularly those on the east coast of
Scotland (Brasseur et al., 2010). Telemetry data collected between 2005 and 2008
showed that of 11 seals tagged in Dutch waters, three crossed the North Sea to UK
waters and haul-out sites in the Moray Firth, Farne Islands and Orkney (Brasseur et
al., 2010). None of these tracks, however, showed movements to the southern North
Sea area and subsequently none passed through Project Two. As such it is not
considered likely that the areas in the vicinity of Project Two are important for
individuals originating from these colonies. Similar tracking studies of harbour seal in
the Wadden Sea in 2002/2003 showed that, although some individuals make foraging
trips to UK waters, on the whole the at-sea distribution of this species is concentrated
on the waters of Wadden Sea. The Waddenzee SCI has therefore not been taken
forward into the impact assessment as no connectivity of seals moving between this
site and Project Two has been demonstrated.

4.5.35

Inner Dowsing, Race Bank and North Ridges SCI, Haisborough, Hammond and
Winterton SCI and the UK Dogger Bank SCI all have marine mammal species listed
as present within the SCI boundaries; however they are not listed as qualifying
features. Due to this, there are no conservation objectives for marine mammals at
these sites and they have therefore been scoped out of the impact assessment.

4.5.39

The baseline assessment lists a further 12 rMCZs within the regional marine mammal
study area including: Farnes East; Coquet to St Mary’s; Runswick Bay; Compass
Rose; Holderness Inshore; Holderness Offshore; Lincs Belt; Wash Approach; Cromer
Shoal Chalk Beds; Castle Ground; Silver Pit and Markham’s Triangle (Defra, 2012)
(Figure 4.4). As these remain recommended sites, the inclusion of species as
conservation priorities in the regional rMCZ plans has been considered in the baseline
marine mammal characterisation. An assessment of the impacts at a MCZ site level
is, however, not required for recommended sites, as outlined in the MMO guidance
'Marine conservation zones and marine licensing' (MMO, 2013).

4.5.40

The marine mammal features of interest for each of the MCZs and rMCZs are listed in
Annex 5.4.1: Marine Mammal Technical Report (Table 3.5). A further 37 sites have
been selected for consideration in the second tranche of designations; public
consultation on these sites is expected in 2015 (Defra, 2014a). These sites include
some of those not designated in the first tranche and aim to address the ‘big gaps’ in
the proposed MCZ network (Defra, 2014a).

4.5.41

Marine mammal species are not a feature proposed for designation in either of the
MCZ sites due the wide ranging nature of marine mammals and uncertainties
regarding the identification of key locations for various marine mammal species (Net
Gain, 2011). Impacts can, however, be assessed as an indirect effect of changes to
other habitat or species FOCI which are listed as citation features of the MCZs.
Therefore, Chapter 3: Fish and Shellfish Ecology and Chapter 2: Benthic Subtidal and
Intertidal Ecology of the Environment Statement were reviewed to understand
potential effects on conservation features for fish and benthos. These assessments
screen out the North East of Farnes Deep MCZ and Swallow Sands MCZ as both
sites are located outside the study areas defined for these impact assessments and
therefore there was considered to be no potential of physical effect-receptor overlap.
For this reason, and because marine mammals are not citation features of these MCZ
themselves, these sites are also screened out for further assessment in this chapter.

National Designations
4.5.36

4.5.37

Three SSSIs and five NNRs with marine mammal features have been identified in the
regional marine mammal study area (Figure 4.4). The Humber Estuary SSSI, Donna
Nook NNR and Spurn NNR are fully encompassed within the Humber Estuary SAC.
The Wash SSSI/NNR and Blakeney NNR both lie within The Wash and North Norfolk
SAC. As these sites fall within the boundaries of internationally designated sites, only
the internationally designated sites have been taken forward in the assessment as a
separate assessment for the national sites is not required (paragraph 4.5.3).
The Farne Islands SSSI and Farne Island NNR are included within the impact
assessment as both sites lie within the regional marine mammal study area. The
Farne Islands SSSI is situated 258 km to the north of Project Two, covering an area of
approximately 0.97 km2. The site comprises a group of rocky offshore islands and
stacks lying off the Northumberland coast, and is an important breeding ground for
grey seal (Natural England, 2013). The Farne Island NNR is a small archipelago of
islands lying approximately 5 km off coast of Northumberland 258 km to the north of
Project Two. Staple Island (one of the outer group of the Farne Islands) is an
important wildlife habitat with a notable colony of grey seals, with more than 1,000
pups every autumn (National Trust, 2013).
Regional Designations

4.5.38

There are two designated MCZs with features of conservation importance (FOCI) that
are of general interest to marine mammals (e.g., a habitat that may provide a food
resource): The North East of Farnes Deep MCZ (previously known as Rock Unique),
located 219 km to the north of Project Two, was designated in 2013 for the protection
of subtidal coarse sediment and sand, which is listed as being of potential interest for
white-beaked dolphin, harbour porpoise, minke whale and humpback whale (Defra,
2013). Swallow Sands MCZ, located 166 km north of Project Two, was also
designated in 2013 for the presence of sandy, gravelly seabed which is important for
spawning mackerel Scomber scobrus and sprat Sprattus sprattus, and which in turn
are prey items for marine mammals.

Local Designations
4.5.42
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The Havenside LNR is located 61.2 km to the south of Project Two and just outside
the boundary of The Wash and North Norfolk SAC. Harbour seal may be found within
the estuary and mudflat habitats. Due to the site’s proximity adjacent to The Wash
and North Norfolk SAC, the assessment undertaken for the internationally designated
site for harbour seal has been assumed to sufficiently address the nature
conservation objectives for the LNR, and so a separate assessment has not been
undertaken.

Figure 4.4

Distribution of Special Areas of Conservation (SACs), Sites of Community Interest (SCIs), Sites of Special Scientific Interest (SSSIs), National and Local Nature Reserves
(NNRs and LNRs), Marine Conservation Zones (MCZ) and recommended MCZs (rMCZs) with marine mammal interest features in the regional marine mammal study area.
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Species Accounts

4.5.46

Data from the SCANS-II study and ASCOBANS indicates that the most important
areas for harbour porpoise are the southern and central parts of the North Sea, with
37.9% of the North Sea population being found within SCANS Block U and the highest
density of this species also recorded here (paragraphs 4.5.17 et seq. and Table 4.6).
Harbour porpoise distribution has been described as having ‘hotspots’ throughout the
North Sea (Sveegaard et al., 2011) with the highest densities in the North Sea having
shifted southwards in recent years towards the central and southern North Sea as
evidenced by the SCANS data (Hammond et al., 2002, SCANS-II, 2006). This shift
probably highlights the effects of external variables on the population distribution (e.g.,
prey species distribution) (Sveegaard et al., 2011). Distribution of harbour porpoise
within the Project Two marine mammal study area indicate that the population is
widespread with high numbers of individuals occurring across all areas of Subzone 2
and the wider Hornsea Zone (Table 4.9). Land-based sightings from the east coast of
the UK concluded that harbour porpoise are also present throughout inshore waters
close to the cable route corridor.

4.5.47

Although there is a paucity of information on harbour porpoise distribution and
movement in the UK North Sea, tagging studies of individuals from a ‘sub-population’
at the northern tip of Denmark (Skaggerak) into the northeastern North Sea suggest
individuals may range between 9.5 to 58.1 km per day with an average home range of
370 km (S. Sveegaard, pers. comm.). Immature males ranged the furthest whilst
mature individuals tend to make shorter distance movements. Sveegaard et al. (2011)
speculated that this may be related to the need for less experienced (immature)
porpoises to travel greater distances to locate prey compared to more mature
individuals that may effectively forage in a preferred area.

4.5.48

Analysis of the site-specific data estimated that approximately 15,955 animals, based
on visual data, or 20,599 animals, based on acoustic data, may be present within the
Hornsea Zone plus 10 km buffer (Table 4.9). Population abundance for SCANS Block
U is estimated to be approximately 93,938 individuals (Hammond et al., 2013) and
therefore the population in the Hornsea Zone plus 10 km buffer represents
approximately 17.0% (visual) and 21.9% (acoustic) of the whole of the population in
SCANS Block U (namely, the regional marine mammal study area).

4.5.49

The mean encounter rate for the Hornsea Zone plus 10 km buffer across all three
survey years showed a peak from May to July and was lowest during the winter
months. An increase in group size was also observed during summer and this reflects
the post-natal period of the reproductive cycle where calf numbers would increase.

4.5.50

Absolute density estimates for harbour porpoise were calculated from both visual and
acoustic data using the design-based approach to give the mean values for each of
the zones (Table 4.9). This was based on the value of g(0) being calculated as 0.201
for visual data and 0.374 for acoustic data. Of note, the value of g(0) for the sitespecific visual data is very similar to the value of g(0)= 0.22 calculated for Block U
using the SCANS data.

Harbour porpoise
4.5.43

Harbour porpoise are the most abundant cetacean species in UK waters and the
entirety of the North Sea and North Atlantic coastlines are considered to be key
habitats for this species (Reid et al., 2003). Reproductive behaviour is strongly
seasonal with mating occurring between June and August and gestation lasting 10-11
months giving a peak in birthing from June to July in UK waters. This seasonal
reproductive pattern was reflected in the sightings data as the monthly mean
encounter rate for harbour porpoise was highest in June and July across all three
years of data collection and the highest number of calves occurred in mid-July.

4.5.44

Harbour porpoise have a higher metabolic rate than dolphins and therefore need to
feed more frequently and consume more prey per unit body weight in order to
maintain their body temperature and other energy needs. For this reason, porpoises
may be highly susceptible to changes in the abundance of prey species and their
patterns of distribution are known to reflect the availability of prey at different times of
year (Sveegaard et al., 2011). On the east coast of Scotland whiting Merlangius
merlangus are targeted during winter months, and sandeels Ammodytidae during
summer months (Santos et al., 2006). In the Danish part of the North Sea key prey
items were cod Gadhus morhua year-round, herring Clupea harengus in the early part
of the year and whiting in the autumn months (Sveegaard et al., 2011). Harbour
porpoise often exploit small shoaling species from both demersal and pelagic habitats
(Santos and Pierce, 2003). Young porpoise tend to target smaller species such as
gobies Gobiidae and small crustaceans.

4.5.45

Project Two site-specific surveys recorded whiting, sandeels, cod and herring within
the Project Two fish and shellfish study area (Chapter 3: Fish and Shellfish Ecology),
and both spawning and nursery areas were also present for all these species. Smaller
demersal species, including gobies, grey gurnard Eutrigla gurnardus and solenette
Buglossidium luteum were key characterising species of the fish communities and
various crustaceans (crabs, lobster and shrimp) were also present in abundance. The
fish and shellfish communities therefore provide a suitable feeding resource for
harbour porpoise as well as other marine mammal species (Chapter 3: Fish and
Shellfish Ecology).
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Estimated abundance (N) and absolute density (animals km-2) of harbour
porpoise in the Project Two marine mammal study area based on visual
and acoustic survey data (Annex 5.4.1: Marine Mammal Technical Report).
Comparison is made with estimates from SCANS-II Block U (SCANS-II,
2006).

Table 4.9

Survey Area

Area (km2)

Density
(animals km-2)

example, large areas of habitat suitable for sandeels are present in peripheral areas
(such as in Subzone 1) and as a key prey item this may be an important ecological
driver for harbour porpoise. Alternatively, as the water depth in the north of the 4 km
buffer of Subzone 2 rapidly drops, and since depth is a significant predictor in the
density models for both visual and acoustic data, this may lead to higher densities of
harbour porpoise in this area. This is supported by the results of a study of harbour
porpoises at Horns Reef in the North Sea, which showed that a key habitat driver for
harbour porpoises is topography-steered upwelling (Skov and Thomsen, 2008). The
authors speculate that this may be related to the movements of sandeels ‘buried’ in
benthic sandy habitats at the top of the bank to pelagic feeding habitats at the slopes
of the bank, as shown by field studies and modelling of sandeels in this area (Jensen
et al., 2006).

Abundance
(N)

Visual
Subzone 2

462.0

1.628

752.0

Subzone 2 + 4 km buffer

1,010.9

1.883

1,903.5

Hornsea Zone

4,735.0

1.726

8,240.9

Hornsea Zone + 10 km buffer

9,287.4

1.718

15,955.8

Subzone 2

462.0

1.995

921.5

Subzone 2 + 4 km buffer

1,010.9

2.391

2,417.1

Hornsea Zone

4,735.0

2.263

10,804.8

Hornsea Zone + 10 km buffer

9,287.4

2.218

20,599.5

159,147

0.598

93,938

4.5.53

The harbour porpoise absolute density estimates from the site-specific surveys for the
Hornsea Zone plus 10 km buffer, (1.718 to 2.218 animals km-2 for visual and acoustic
data, respectively), and the Subzone 2 plus 4 km buffer, (1.883 to 2.391 animals km-2
for visual and acoustic, respectively), are both approximately three times higher than
the SCANS Block U estimate of 0.598 animals km-2 giving further credence to the
importance of the Project Two marine mammal study area for harbour porpoise.
Similar densities have also been recorded in the UK Dogger Bank cSAC
(3.14 animals km-2) which is known to be an area of high primary productivity and
good foraging grounds for harbour porpoise. These data suggest that, within the south
central North Sea, the Hornsea and Dogger Zones may represent key areas for
harbour porpoise, possibly due to environmental and ecological conditions that favour
these as important foraging areas.

4.5.54

Seasonal variation was observed in the visual dataset, with notable peaks in June in
Years 1 and 3, which correspond with the porpoise life cycle at this time of year when
females are nursing calves and are being escorted by males. However, no variation
across seasons was observed in the acoustic data (Annex 5.4.1: Marine Mammal
Technical Report).

4.5.55

The model fitted for the visual data to estimate density incorporated sea state as an
environmental variable since sea state is known to affect sighting rate (see Table 3.12
in Appendix 5.4.1: Marine Mammal Technical Report). The additional analysis to
explore the effect of sea state on absolute density found that absolute density
estimates were relatively consistent across the sea states providing a level of
confidence that the modelled average density for all sea states pooled is robust.

4.5.56

Harbour porpoise is considered to be a VER of international importance within the
Project Two marine mammal study area (Table 4.16).

Acoustic

SCANS-II
Block U

4.5.51

4.5.52

Modelled surface density estimates for harbour porpoise showed a range in values
across the Project Two marine mammal study area, and both the visual and acoustic
data revealed localised areas of higher density across in parts (Figure 4.5 (visual
data) and Figure 4.6 (acoustic data)). In particular, higher densities were predicted in
the area immediately to the south and east of Subzone 2 and also in the southwest of
the Hornsea Zone and at the northern end of the cable route corridor. The areas of
higher density typically corresponded to areas of shallower water and, in the wider
Hornsea Zone, the areas of higher density appeared to coincide with known areas of
sandbanks such as those immediately to the south of Markham’s Triangle in the east
of the Hornsea Zone. Notably, both the visual and acoustic datasets indicated low
densities of harbour porpoise in the deeper waters immediately to the north and
northeast of the Hornsea Zone as well as the deeper waters in the west of the
Hornsea Zone.
Mean density values across the Project Two marine mammal study area ranged
between 1.628 animals km-2 (within Subzone 2 based on visual data) to 2.391 km-2
(within Subzone 2 plus 4 km buffer based on acoustic data). This difference between
the Subzone 2 and the Subzone 2 plus 4 km buffer suggests that there may be some
ecological features of the buffer area alone that support high densities in this area. For
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Figure 4.5

Modelled surface density estimates (absolute density) for harbour porpoise across the Hornsea Zone plus 10 km buffer based on three years of visual survey data.
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Figure 4.6

Modelled surface density estimates (absolute density) for harbour porpoise across the Hornsea Zone plus 10 km buffer based on three years of acoustic survey data.
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White-beaked dolphin
4.5.57

White-beaked dolphin is abundant in the North Sea and is one of the most common
delphinid species in the British Isles (Hammond et al., 2002). Mating occurs during
the warmer months, with calving occurring during the summer between June and
September (Kinze et al., 1997). It is unclear where birthing occurs as there is
evidence to suggest that it can occur both inshore and offshore (Evans, 1991;
Canning et al., 2008; Weir et al., 2007).

4.5.58

The main prey species for white-beaked dolphin is whiting but they also consume
other clupeids (e.g., herring Clupea harengus and mackerel), gadoids (e.g., scad
Trachurus trachurus, haddock Melanogrammus aeglefinus and cod), sandeels,
American plaice Hippoglossoides platessoides and cephalopods such as the curled
octopus Eledone cirrhosa (Canning et al., 2008; Santos et al., 1994).

4.5.59

4.5.60

4.5.61

4.5.62

Direct comparisons are not wholly appropriate for this species since the site-specific
data estimates are of relative density whereas the SCANS-II estimates are of
absolute density (and for this reason SCANS data are not presented in Table 4.10).
Although Distance sampling attempts to avoid the problem of responsive movement,
it is possible that the attraction of white-beaked dolphins to vessels may lead to high
values for g(0). Adjusting for published values of g(0) = 0.58 or g(0) = 0.80
(Hammond et al., 2013; and Cañadas et al., 2004, respectively), absolute densities
could be estimated at 0.02 to 0.028 animals km-2. These estimates must, however,
be caveated with the fact that estimates of g(0) from different surveys are not
necessarily transferrable.

4.5.63

White-beaked dolphin is considered to be a VER of national importance within the
Project Two marine mammal study area (Table 4.16).

Although prey distribution is important for white-beaked dolphin, these small
cetaceans are more likely to be affected by water temperature than prey distribution.
White-beaked dolphin migrate north during the warmer summer months as they
generally prefer waters cooler than 14°C and are absent in water above 18°C
(MacLeod et al., 2008; Parsons, 2012).Water depth is also a deciding factor in
distribution as this species is primarily found in water depth of between 50 m and
100 m.

Table 4.10

Subzone 2

462.0

0.012

5.5

Such seasonal trends are reflected in the density and abundance estimates from both
the site-specific surveys and the SCANS-II data. Site-specific data suggest that the
highest abundances of white-beaked dolphin occur within the Project Two marine
mammal study area from November to February, echoing their preference for cooler
waters, whereas the lowest abundances were recorded from July to October in all
years. The mean abundance within the Hornsea Zone plus 10 km buffer (148.6
individuals, Table 4.10) represented just a small proportion (1.4%) of the wider North
Sea population based on SCANS-II data (10,557 individuals, Table 4.6). The mean
encounter rate was, however, generally low across all three years suggesting that the
Project Two marine mammal study area is not important in the context of the wider
North Sea. SCANS-II data also corroborates this, with the density for white-beaked
dolphin recorded within Block U (0.003 animals km-2) being at the lower density range
for the North Sea, reflecting the fact that there is clear temperature partitioning for this
species (Canning et al., 2008; MacLeod et al., 2008).

Subzone 2 + 4 km buffer

1,010.9

0.014

14.2

Hornsea Zone

4,735.0

0.013

62.1

Hornsea Zone + 10 km buffer

9,287.4

0.016

148.6

Estimated abundance (N) and relative density (animals km-2) of
white-beaked dolphin in the Project Two marine mammal study area based
on visual survey data (Annex 5.4.1: Marine Mammal Technical Report).

Survey Area

Modelled surface density estimates for white-beaked dolphin are shown on Figure
4.7. These site-specific density estimates were found to be higher than the SCANS-II
estimates for Block U, with densities ranging from 0.012 animals km-2 (Subzone 2) to
0.016 animals km-2 (Hornsea Zone plus 10 km buffer), (Table 4.10). This is most
likely to be an artefact of the timing of the SCANS-II surveys, which were carried out
in July, when white-beaked dolphins would either be absent or present in very low
numbers, whereas the site-specific data is based on a year-round average density.
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Area (km2)

Density (animal
km-2)

Abundance
(N)

Figure 4.7

Modelled surface density estimates (relative densities) for white-beaked dolphin across the Hornsea Zone plus 10 km buffer based on three years of survey data.
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Minke whale
4.5.64

Minke whale is the smallest of the baleen whales and is widely distributed across the
Atlantic coastline of Britain and Northern Ireland and the northern and central North
Sea (Reid et al., 2003). Minke whale follow prey distribution and rely on other species
which herd prey into high density groups like sprat, shad (Alosa spp.) and herring, but
particularly sandeels, which represent a key food resource in the North Sea
(Robinson and Tetley, 2005; Gill et al., 2000). Sandeel habitat is present throughout
the Project Two marine mammal study area and the key prey species listed above
were all recorded in moderate to high abundances during the site-specific fish
surveys (Annex 5.3.1: Fish and Shellfish Technical Report).

4.5.65

Minke whale typically live up to 60 years, with males reaching sexual maturity
between five and eight years, and females at between six and eight years. Breeding
occurs throughout the year, although there is typically a peak in winter. Gestation
occurs over a 10 month period, whereupon mothers give birth to a single calf. This is
followed by a weaning period of three to six months. No calving areas have been
identified in the North Sea (Reid et al., 2003).

4.5.66

4.5.67

The North Sea distribution of minke whale is based around the northern and central
parts and they can commonly be found inshore throughout the summer months when
sandeel populations are high (Evans et al., 2003). Distribution of minke whale within
the Project Two marine mammal study area was mainly concentrated towards the
northwest of Subzone 2 plus 4 km buffer although individuals were recorded
throughout Subzone 2 and the wider Hornsea Zone plus 10 km buffer. However, it is
recognised that the Hornsea Zone is at the southern limit of minke whale distribution
within the North Sea, which is especially apparent in sightings during the summer
months.
SCANS modelled abundance estimates suggest that the south central North Sea
(Block U) is an important area for minke whale, with 25.7% of the North Sea
population occurring in Block U. During the site-specific surveys the highest
encounter rates occurred during the summer months, whilst minke were either absent
or present in very low numbers over the winter period (see Figure 4.17 in Annex
5.4.1: Marine Mammal Technical Report). Site-specific abundance estimates were for
all months pooled and therefore average abundances will be slightly lower than if just
data from the summer months was used. Even so, the abundance estimated for the
Hornsea Zone plus buffer only represents 1.5% of the SCANS Block U minke whale
population. Therefore, although the south central North Sea appears to be important
for minke whale, the data indicate that the Greater Wash may be at the southern limit
of minke whale’s distribution in the North Sea.

4.5.68

Modelled surface density estimates for minke whale are shown on Figure 4.8. These
relative density estimates for minke whale also support the conclusion that minke
whale may be at the southern limit of its distribution within the Greater Wash. Relative
densities calculated from the site-specific survey data were compared to SCANS
Block U density estimate for minke whale, which indicated that the Block U estimate
(0.023 animals km-2) was over three times greater than the value for the site-specific
data (0.006 animals km-2; Table 4.11). This indicates that Subzone 2 is towards the
southern limit of the range of minke whale (particularly in summer), and is supported
by results of marine mammal surveys conducted for other offshore wind
developments in the area (e.g., Docking Shoal, Dudgeon, and Lincs), which did not
reveal a significant presence of minke whale in this part of the south central North
Sea.

Table 4.11

Estimated abundance (N) and relative density (animals km-2) of minke
whale in the Project Two marine mammal study area based on visual
survey data (Annex 5.4.1: Marine Mammal Technical Report).

Survey Area

Area (km2)

Density (animal
km-2)

Abundance
(N)

Subzone 2

462.0

0.006

2.8

Subzone 2 + 4 km buffer

1,010.9

0.006

6.1

Hornsea Zone

4,735.0

0.006

28.6

Hornsea Zone + 10 km buffer

9,287.4

0.006

55.7

4.5.69

Comparison of the site-specific density estimates with SCANS-II data should be
caveated with the fact that data were collected over different months (SCANS data
were just collected during the summer months when the densities would be higher,
whereas site-specific data were collected year-round) and the SCANS data were also
corrected for detection probability (g(0)) (and for this reason SCANS data are not
presented in Table 4.11). Values for g(0) were unable to be calculated from the sitespecific survey data and so were taken from the literature with a best estimate of 0.55
from the SCANS-II survey data (Hammond et al., 2013). The value for g(0) is likely to
be low for minke whale and therefore relative density estimates are likely to be
negatively biased. Using a published value of 0.55 to correct the site-specific data
would lead to a doubling of the densities.

4.5.70

Minke whale is considered to be a VER of international importance within the Project
Two marine mammal study area (Table 4.16).
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Figure 4.8

Modelled surface density estimates (relative densities) for minke whale across the Hornsea Zone plus 10 km buffer based on three years of survey data.
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Grey seal
4.5.71

The grey seal is the larger of the two UK seal species and is commonly found around
the entirety of the British Isles coastline, although its distribution is centred in the
north of Scotland. Onshore distribution of the grey seal population within the northern
North Sea stretches from Shetland in the north of Scotland down to the Farne
Islands. The most important haul-out sites in the southern North Sea are those at
Donna Nook, Scroby Sands and the Wash on the Lincolnshire coastline.

4.5.72

The reproductive cycle and the suitability of haul-out sites are the key factors
affecting grey seal distribution in the UK. The reproductive cycle takes approximately
one year, consisting of a nine month gestation period which is delayed by 3 months
from fertilisation. Pups are fully weaned after 21 days when mating occurs again and
both the adults and pups return to sea. Females do not feed during lactation and
therefore it is important that sufficient fat reserves are laid down during pregnancy to
ensure survival of both mother and pup.

4.5.73

4.5.74

4.5.75

The North Sea is home to important breeding grounds for the grey seal, and Donna
Nook is the largest breeding colony along the English coastlines. Approximately
1,525 individuals haul-out at Donna Nook during September to December for the
2012 pupping/breeding season (Table 4.2 in Annex 5.4.1: Marine Mammal Technical
Report). After weaning, the pups moult their natal coat and subsequently the adult
moulting season occurs early in the year (SCOS, 2010). Throughout this time a large
proportion of the total population will be land-based and at-sea densities will naturally
be low. Due to this large amount of time spent on land, grey seal colonies are
susceptible to human disturbance.
Foraging activity is centred on sandeel, whitefish and flatfish populations and sandeel
generally make up around 50% of prey consumption (Hammond et al., 2013). Local
variations in prey choice will occur depending on prey availability and benthic
substrate type. Foraging trips from haul-out sites to offshore areas occur over short
distances of up to 145 km with much longer distances travelled between haul out
sites, indicating that grey seal populations are not isolated and that there is
connectivity between other haul-out sites in the North Sea.
The majority of sightings of seals were made along the southern boundary of the
Project Two marine mammal study area, and particularly in the west of the Hornsea
Zone and to the west of the cable route corridor (Figure 3.9 in Annex 5.4.1: Marine
Mammal Technical Report).

4.5.76

Abundance of grey seal onshore and offshore will vary seasonally depending on
whether individuals are hauled-out or foraging at sea. Onshore counts are made
during the breeding season and during August (the harbour seal annual moult
survey) in order to provide population estimates. The most recent total pup count of
grey seals for east coast colonies was 3,359 and the haul-out count during August
was 2,714 individuals. Population modelling from the pup counts estimate the Greater
Wash breeding population to be 6,953 (95% CI: 5,684 – 8,662), whilst the South-east
England MU reference population, based on the August counts, is estimated at
10,350 (95% CI: 7,550 – 14,550), (Table 4.7).

4.5.77

The average abundance of individuals occurring offshore within the Hornsea Zone
plus 10 km buffer based on site-specific surveys was estimated as 372 individuals
(Table 4.12), equating to 3.6% of the South-east England MU reference population
(Table 4.7). The Hornsea Zone plus 10 km buffer constitutes 26.3% of the South-east
England MU (which has a total area of 35,297 km2), thus grey seal abundance in the
Hornsea Zone plus 10 km buffer is lower than would be expected based on area
alone. This suggests that whilst the Hornsea Zone plus 10 km buffer forms part of
their natural (foraging) range it does not represent a population hotspot for grey seal.
The telemetry map gave further indication of the relative importance of the Hornsea
Zone: tagged individuals from Donna Nook often foraged further north and crossed
the Hornsea Zone to travel to Dogger Bank, although one individual (out of 12) was
recorded moving regularly between the haul-out and the south western corner of the
Hornsea Zone (Figure 4.22 in Annex 5.4.1: Marine Mammal Technical Report).

4.5.78

Offshore abundances varied seasonally: the mean encounter rate decreased
considerably during September to December, coinciding with the main haul-out
period, and peaked in July and February for all three survey years. The encounter
rate was also higher within the Hornsea Zone plus 10 km due to the inclusion of the
inshore areas to the southwest of Subzone 2 where grey seal densities were highest
(Figure 4.27 in Annex 5.4.1: Marine Mammal Technical Report).

Table 4.12

Estimated abundance (N) and absolute density (animals km-2) of grey seal
in the Project Two marine mammal study area based on visual survey data
(Annex 5.4.1: Marine Mammal Technical Report).

Survey Area

Area (km2)

Density (animal
km-2)

Abundance (N)

Subzone 2

462.0

0.035

16.2

Subzone 2 + 4 km buffer

1,010.9

0.036

36.4

Hornsea Zone

4,735.0

0.033

157.6

Hornsea Zone + 10 km buffer

9,287.4

0.040

371.5
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4.5.79

Absolute densities were calculated for the site-specific grey seal data using
g(0)=0.46, (which was calculated from the site-specific data), based on availability
bias of grey seal during dive cycles. The mean density was relatively consistent
throughout all four survey areas albeit with a slightly higher mean density for the
Hornsea Zone plus 10 km buffer (0.04 animals km-2). This was driven by an area of
higher density (0.39 animals km-2) in the south western corner of the 10 km buffer of
the Hornsea Zone, (i.e., the area closest to the coastal haul-outs), (Figure 4.9), which
likely extended. southwards to the cable route corridor. This is consistent with SMRU
telemetry data for seals from Donna Nook which shows grey seal either travelling
through the west of the Project Two marine mammal study area to forage at Dogger
Bank or travelling north along the coast towards Flamborough Head and Berwickupon-Tweed to forage (Figure 4.22 in Annex 5.4.1: Marine Mammal Technical
Report).

4.5.80

SMRU at-sea modelled density data (Figure 4.10) also showed similar patterns with
higher densities in areas to the southwest of the Hornsea Zone. Density estimates
were higher than the site-specific data with an average of 1.024 and 1.470
animals km-2 for Subzone 2 plus 4 km buffer and Hornsea Zone plus 10 km buffer,
respectively. The highest densities were in the south western corner of the Project
Two marine mammal study area (in the 10 km buffer of the Hornsea Zone) and using
the SMRU historical dataset were estimated as 0.4 to 2 animals km-2. The differences
in the site-specific data and SMRU data density estimates are due to differences in
both the survey approach and assumptions in the analyses. However, both datasets
were taken forward in the impact assessment, with the SMRU data considered as the
more precautionary data.

4.5.81

Grey seal is considered to be a VER of international importance within the Project
Two marine mammal study area (Table 4.16).
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Figure 4.9

Modelled surface density estimates (absolute densities) for grey seal across the Hornsea Zone plus 10 km buffer based on three years of survey data.
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Figure 4.10

Mean grey seal at-sea densities (per 25 km2) for the Project Two marine mammal study area based on data collected over a 15 year period up to 2010 (Source: SMRU).
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Harbour (common) seal
4.5.82

Harbour seal is the smaller of the two seal species that breed in the UK. The majority
of the population is found in Scottish waters although the densest concentration of
haul-out sites along the North Sea UK coastline is found at The Wash in East Anglia
(SMRU, 2004) (Figure 4.31 in Annex 5.4.1: Marine Mammal Technical Report). The
Wash and North Norfolk Coast SAC is home to the largest breeding colony of
harbour seal in the UK, and hosts 7% of the total UK population of this species.

4.5.83

The closest haul-out site to the Project Two marine mammal study area is at Donna
Nook. This haul-out is also an important breeding site for both harbour and grey seal
in the south central North Sea. Harbour seals haul-out during June and July to give
birth to pups and to breed, and during August to undergo their annual moult. Unlike
grey seals, harbour seals do not gather at a single site but are found in small groups
spread along the coastline and it is common for a female to consistently return to the
same site. Harbour seal pups are born with their first adult coat, having moulted their
downy coats inside the mother’s uterus, and therefore can swim within a few hours of
birth. This enables the mothers to return to the water with their pups during the
nursing period, where they forage to build up fat reserves for lactation.

4.5.84

4.5.85

Harbour seal consume a wide range of prey items from the surface, mid-water and
benthic habitats depending on season and regional availability. Common prey items
include common octopus Octopus vulgaris, flatfish, sandeels, sprat, whitefish and
herring (SCOS, 2010). Foraging usually occurs within 40 to 50 km of their haul-outs
but some individuals in the Greater Wash were found to travel distances of 75 to
120 km to assumed foraging locations further offshore, such as the Dogger Bank
(Figure 4.31 in Annex 5.4.1: Marine Mammal Technical Report). Longer distance
travel may occur in relation to change in foraging sites or juvenile dispersal; however,
these are less common (SMRU, 2011; Thompson and Miller, 1990).
Offshore distribution patterns are similar to those of the grey seal in that, although
harbour seal were sighted throughout the Hornsea Zone, the highest number of
sightings were to the southwest of the Hornsea Zone plus 10 km buffer and inshore
close to the cable route corridor (Figure 4.11).

4.5.86

As described above for grey seal, the abundance of harbour seal onshore and
offshore varies according to the season, with larger abundances onshore during the
breeding and moulting periods and larger abundances offshore during key foraging
times. The most recent pup count for the July 2011 breeding season gave a total of
1,106 new born pups in The Wash and 4,389 pup including the Age 1+ cohort
(Table 4.4 in Annex 5.4.1: Marine Mammal Technical Report). The August moult
count in 2011 was 3,567, and conservatively this is given as the population estimate
for the South-east England MU. Based on the summer aerial counts during the
breeding season representing an average of 72% of the population (Lonergan et al.,
2012) (Table 4.7), the mean population estimate for the South-east England MU for
harbour seal could be scaled up to 4,954 (95% CI: 4,053 – 6,605), however, the
unscaled population estimate is used as a more conservative figure.

4.5.87

The mean number of animals estimated to occur offshore within the Hornsea Zone
plus 10 km buffer, based on site-specific data, was 167.2 individuals, representing
4.7% of the South-east England MU population (Table 4.13). There was a large
increase in abundance between the Hornsea Zone and the Hornsea Zone plus 10 km
buffer with values more than doubling (Table 4.13). This suggests that the southern
part of the Hornsea buffer is more important for harbour seal compared to the rest of
the Hornsea Zone. Telemetry data for tagged seals at east coast haul-outs support
this view, showing that individuals regularly travel to areas along the southern edge of
the Hornsea Zone plus 10 km buffer (Figure 4.12).

Table 4.13

Estimated abundance (N) and relative density (animals km-2) of harbour
seal in the Project Two marine mammal study area based on visual survey
data (Annex 5.4.1: Marine Mammal Technical Report).

Survey Area

Area (km2)

Density (animal
km-2)

Abundance (N)

Subzone 2

462.0

0.012

5.5

Subzone 2 + 4 km buffer

1,010.9

0.017

17.2

Hornsea Zone

4,735.0

0.013

62.1

Hornsea Zone + 10 km buffer

9,287.4

0.018

167.2

4.5.88
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The mean encounter rate showed that, generally, there were sightings of harbour
seal in most months, however, numbers were reduced in November and December
and completely absent in Year 3 (Figures 4.35 and 4.36 in Annex 5.4.1: Marine
Mammal Technical Report). Across all three years, harbour seal were absent from
the Subzone 2 plus 4 km buffer during the months of July, November and December,
however, there were no obvious pattern of seasonality in at-sea abundances.

4.5.89

4.5.90

Estimated densities remained relatively constant across the four survey areas (Table
4.13). The lowest density was observed in Subzone 2 (0.012 animals km-2) and the
highest density in the Hornsea Zone plus 10 km buffer (0.018 animals km-2), which is
a reflection of the higher number of sightings along the southern edge of the 10 km
buffer around the Hornsea Zone. The relative mean densities, allocating a proportion
of unidentified seals as harbour seal, were 0.017 and 0.018 animals km-2 for
Subzone 2 plus 4 km buffer and Hornsea Zone plus 10 km buffer, respectively.
Modelled surface density estimates for harbour seal are shown on Figure 4.11. There
was a clear density gradient across Subzone 2 with the highest harbour seal
densities in the southwest (0.28 animals km-2) and no animals recorded in the
northeast. The observed gradient in density is consistent with telemetry data
collected previously by SMRU which showed seals from The Wash foraging in the
southwest of the Project Two marine mammal study area but otherwise only crossing
it occasionally (Figure 4.12).

4.5.91

Higher densities, as modelled by SMRU, were seen across the Project Two marine
mammal study area with an average of 0.324 animals km-2 for Subzone 2 and
0.849 animals km-2 for the Hornsea Zone plus buffer (Figure 4.12). The SMRU
modelled densities reflect the movement of the tagged harbour seal between the
haul-out at The Wash and the southern boundary of the Project Two marine mammal
study area as densities are highest along this transit route. As described for grey
seal, differences in the survey approach and assumptions in the analyses have led to
differences in the site-specific data and SMRU data density estimates. However, both
datasets were taken forward in the impact assessment, with the SMRU data
considered as the more precautionary data.

4.5.92

Harbour seal is considered to be a VER of international importance within the Project
Two marine mammal study area (Table 4.16).

Table 4.14

Marine mammal species

Key prey items

Harbour porpoise

Wide variety of prey including: sandeels, herring, gadoids
(cod, haddock, whiting, pollock Pollachius sp., hake etc.), and
lower trophic-level species such as sprat and gobies.

White-beaked dolphin

Preferred prey item is whiting, but also consume herring,
haddock, cod, sandeels, mackerel and dab.

Minke whale

Sandeels make up a large proportion of their diet but also
feed on clupeids such as sprat, shad and herring.

Grey seal

Sandeel, gadoids, flatfish (particularly common sole Solea
solea).

Harbour seal

Wide variety of prey items including sandeels, whitefish,
herring, sprat, crustaceans, octopus, and squid.

Prey species in the Project Two marine mammal study area
4.5.93

Key prey items for marine mammals within the Project Two marine
mammal study area.

The key characterising fish species of the Project Two marine mammal study area
are pelagic species such as herring and sprat and demersal species like plaice
Pleuronectes platessa, dab Limanda limanda, sole and whiting (Chapter 3: Fish and
Shellfish Ecology). Sandeels are a vitally important prey species for many marine
mammals, especially the harbour porpoise and minke whale, and are abundantly
recorded throughout the Project Two marine mammal study area as well as having
high intensity spawning grounds to the north of the Hornsea Zone where the sandy
bottom substrate is suitable for this fish species (see Table 4.14). Spawning and
nursery grounds for many other key prey species are also found within the Project
Two fish and shellfish ecology study area (Annex 5.3.1: Fish and Shellfish Technical
Report).
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Figure 4.11

Modelled surface density estimates (relative densities) for harbour seal across the Hornsea Zone plus 10 km buffer based on three years of survey data.
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Figure 4.12

Mean harbour seal at-sea densities (per 25 km2) for the Project Two marine mammal study area based on data collected over a 15 year period up to 2010 (Source: SMRU).
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Valued Ecological Receptors (VERs)
4.5.94

4.5.95

The value of ecological features is dependent upon their biodiversity, social, and
economic value within a geographic framework of appropriate reference (IEEM,
2010). The most straightforward context for assessing ecological value is to identify
those species and habitats that have a specific biodiversity importance recognised
through international or national legislation or through local, regional or national
conservation plans (e.g., Annex II species under the Habitats Directive, Biodiversity
Action Plans (BAP), rMCZs, and southern North Sea MNA). However, only a very
small proportion of marine habitats and species are afforded protection under the
existing legislative or policy framework and therefore evaluation must also assess
value according to the functional role of the habitat or species. For example, some
features may not have a specific conservation value in themselves, but may be
functionally linked to a feature of high conservation value (e.g., prey species for
protected marine mammal species). The following table shows the criteria applied to
determining the ecological value of VERs within the geographic frame of reference
applicable to the regional marine mammal study area (Table 4.15).
High densities of the key species compared to surrounding regions and links to SACs
have shown that the Project Two marine mammal study area lies within an important
area for marine mammals. The information provided here has been used to inform
the EIA process. A summary of the VERs and their value within the Project Two
marine mammal study area is provided in Table 4.16. The valuation is based on their
legislative status together with the relative importance of the populations present
within the Project Two marine mammal study area compared to the wider regional
marine mammal study area and UK as a whole. Following the criteria in Table 4.15
marine mammals within the Project Two marine mammal study area are all valued as
of either national or international importance.

Table 4.15
Value

Criteria for each valuation given to a marine mammal receptor.
Justification

International

Internationally protected species that are the primary reason for designation
for internationally protected sites (i.e., Annex II protected species designated
as features of an SAC within the regional marine mammal study area).
International protected species, which are not the primary reason for
designation, but are qualifying features1 of an SAC, and for which the
regional marine mammal study area is considered to be important for that
species nationally. Recognition of national importance may be through
designation of Marine Protected Areas which list marine mammals as a
feature.
Internationally protected species with known breeding or nursery areas
within the regional marine mammal study area that are considered to be
important either nationally or internationally for that species, even where this
has not been recognised through designation.

National

Internationally protected species that are not qualifying features of an SAC
and are regularly recorded within the regional marine mammal study area,
but in relatively low densities and therefore the area is not considered to be
important for the species in a national or international context.
Internationally protected species that are not qualifying features of an SAC,
but are recognised as a Biodiversity Action Plan (BAP) priority species either
alone or under a grouped action plan, and are listed on the local action plan
relating to the regional marine mammal study area.

Regional

Internationally protected species that are not qualifying features of an SAC
and are infrequently recorded within the regional study area in very low
numbers compared to other regions of the British Isles.

Local

There are no criteria given for local due to the high level of protection under
international law for all marine mammal species which makes this category
irrelevant.

1

A site for which an Annex II species is identified as a primary reason for selection will be
graded overall as either A or B; a site for which an Annex II species is not a primary reason for
selection, but is a qualifying species due to its national interest in the site is graded C
(www.eunis.eea.europa.eu).
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Table 4.16
Receptor

Harbour
porpoise

Whitebeaked
dolphin

Minke whale

Grey seal

Harbour seal

Summary of VERs and their importance within the Project Two marine
mammal study area.
Value

Justification

International

High densities of harbour porpoise were recorded within the
Project Two marine mammal study area compared to the
wider region. There are links to European sites in the central
and southern North Sea for which this species is either a
primary reason for site designation or as a qualifying feature
of the site.

National

There have been regular sightings throughout the Project
Two marine mammal study area. Although densities appear
high compared to the wider region, the comparison is not
accurate due to differences in timing of surveys. The Project
Two marine mammal study area is likely to be used by this
species during the winter months only and it is likely that this
area is at the southern limit of its distribution in the UK.

International

The south central North Sea is important for minke whale;
the densities in the Project Two marine mammal study area
are comparable with densities from the regional marine
mammal study area. Minke whales were recorded
throughout the Project Two marine mammal study area
between spring and autumn each year. They were absent
from the area over the winter months.

International

Grey seal occurs throughout the Project Two marine
mammal study area and are present in particularly high
densities along the southern boundary and towards their
haul-outs to the southwest. High densities coincide with the
area within the cable route corridor. There are links with
SACs in the central and southern North Sea, with the largest
haul-out along the Lincolnshire and Norfolk Coast at Donna
Nook, within the Humber Estuary SAC.

International

Harbour seal occurs throughout the Project Two marine
mammal study area and are present in particularly high
densities along the southern boundary heading south
towards their haul-outs. There are links with SACs in the
central and southern North Sea, with the largest haul-out
along the Lincolnshire and Norfolk Coast being The Wash
located in The Wash and North Norfolk Coast SAC.

Data Limitations and Assumptions
4.5.96

A summary of the data limitations and assumptions is presented below with a
detailed description provided in Section 2.5 of the Marine Mammals Technical Report
(Annex 5.4.1: Marine Mammals Technical Report).
Survey design and bias in g(0) estimation

4.5.97

One of the issues highlighted was in the survey design. As is typical of marine
mammal surveys for large offshore wind farms, the design of the boat-based survey
was primarily to record bird sightings, with marine mammals to be recorded if also
observed. This had the effect of possibly biasing observation data as animals may
have been missed.

4.5.98

The boat-based surveys were only carried out on one side of the vessel and did not
allow for a double-platform approach to be used. The latter point is important for
marine mammal surveys as it provides a useful method for estimating detection
probability (g(0)) for each species surveyed. It was, however, possible to use a novel
approach for calculating g(0) for harbour porpoise, where the acoustic survey was
used as the second platform (Appendix B in Annex 5.4.1: Marine Mammals Technical
Report). This approach relied on the ability to reliably match duplicate detections
between the visual and acoustic data, and therefore biases may be introduced due to
timing errors associated with both types of detections. These potential sources of
biases include errors in sighting time, estimation of distances and angles, and animal
movement.
Survey restrictions

4.5.99

Restrictions in use of boat-based visual survey data were required and data collected
in sea states greater than 3 were disregarded from the data analysis following
published guidelines published by Camphuysen et al. (2004).

4.5.100 Towed hydrophone surveys were conducted only to the north of latitude 53° 50.00’ N
due to concerns raised by local fishermen that the hydrophone was interfering with
fishing gear.
Species identification
4.5.101 It was also not always possible to identify cetacean sightings to species level and so
broad categories such as cetaceans, dolphin and pinnipeds were used. This was only
the case for a small number of cetacean sightings and so these records were
removed from the data set prior to the density modelling, however, a larger number of
pinniped sightings were unidentified and so these were allocated to each species
based on the relative proportion of species sightings already obtained.
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Data measurement and recording
4.5.102 Estimating marine mammal densities from both visual and acoustic data relies on
accurate recording of sighting time and measuring of distance and angles. Recording
these metrics is difficult to estimate at sea and therefore there may be a degree of
human error in the measurements, however, all the observers used were
appropriately trained and experienced and therefore variation will be minimised.
Distance analysis can also be used to detect any observer-specific biases and the
data adjusted accordingly.
4.5.103 Another key assumption for achieving reliable estimates of density is that individuals
are detected at their initial locations and that there is no responsive movement to the
presence of the vessel. If evasive movement occurs prior to detection, as has been
suggested may occur for harbour porpoise (e.g., Sveegaard et al., 2013), the results
of the estimate of density will be biased low. If however, animals move towards the
observer prior to being detected a positive bias in estimated density can be expected.
4.5.104 Environmental factors may influence density estimates and it was important to
account for these in order to interpret seasonal and spatial patterns. There is a
noticeable effect of sea state on detection probability and therefore sea state,
(together with several other covariates), was incorporated into the GAM model to
adjust for this when estimating density.

4.6

Impact Assessment
Key Parameters for Assessment

4.6.1

The assessment scenarios listed in Table 4.17 have been selected as those having
the potential to result in the greatest effect upon an identified receptor or receptor
group. These scenarios have been selected from the details provided in the project
description (Volume 1, Chapter 3: Project Description) in order to inform a ‘realistic
worst case scenario’. Effects of greater adverse significance than those presented
here are not predicted to arise should any other development scenario based on
details within the project Design Envelope (e.g., different turbine layout) be taken
forward in the final design scheme.
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Table 4.17

Design envelope scenario considered within assessment of potential impacts on marine mammals.
Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Construction phase
Underwater noise from foundation piling and
other construction activities (e.g., drilling of
piles) has the potential to cause physical injury
or disturbance to marine mammals.

Direct

Maximum adverse spatial: Monopile foundations (HVDC
transmission):
- Piling of 225 x 8 MW turbines, comprising 10 m diameter
monopiles foundations with a maximum pile energy per strike of
3,000 kJ; and
- Piling of substations and platforms with a maximum pile energy per
strike of 2,300 kJ comprising:
o Six offshore HVAC collector substations (eight 3.5 m diameter
piles per foundation) = 48 piles;
o Two offshore accommodation platforms (eight 3 m diameter
piles per foundation) = 16 piles; and
o Two offshore HVDC converter substations (four jacket
foundations with 18 3.5 m piles per foundation) = 144 piles.
Total number of piles for monopile foundations = 225 piles. Piling
duration for monopiles ranges between 2.5 to 15.5 hours per
foundation, but depending on the soil profile, an interval of up to 55
hours of drilling may also be required.
Total number of piles for substation and platform jacket foundations =
208 piles. Indicative piling duration is 11.5 hours per pile with up to
25 hours of drilling where necessary.
Piling will occur over up to four phases with either one or two vessels
operating at any one time. However, the worst case spatial is based
on concurrent (two) vessel piling with vessels located a maximum
distance of 20 km apart within Subzone 2. The actual time piling (i.e.,
not including drilling, downtime or handling time etc.) for installation
of monopiles is estimated as 4.5 months and the estimated piling
time for substations and platforms is 3.3 months.
Maximum adverse temporal: Jacket foundations (HVDC
transmission):
- Piling of 120 foundations for 15 MW turbines, comprising twelve
2.2 m diameter piles per foundation and with a maximum pile
energy per strike of 1,700 kJ = 1,440 piles.
- Piling of substations and platforms with a maximum pile energy per
strike of 2,300 kJ comprising:
o Six offshore HVAC collector substations (eight 3.5 m diameter
piles per foundation) = 48 piles;
o Two offshore accommodation platforms (eight 3 m diameter
piles per foundation) = 16 piles; and
o Two offshore HVDC converter substations (four jacket
foundations with 18 3.5 m piles per foundation) = 144 piles.
Total number of piles for jacket turbine foundations = 1,440 piles.
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Maximum adverse spatial scenario (i.e., largest area of
effect):
This scenario assumes 8 MW monopile foundations as
these would require the largest hammer energy and
therefore result in the largest area of ensonification. Two
vessels operating concurrently spaced at 20 km apart would
represent the largest area of impact from subsea noise at
any one time. 5 MW monopiles also require a 3,000 kJ
hammer but the piling duration is likely to be slightly shorter
in this case and therefore 8 MW monopiles was selected as
the worst spatial case.
Maximum adverse scenario for the temporal maximum
adverse scenario:
The maximum adverse temporal scenario is based upon the
scenario that represented the longest accumulated piling for
the turbines and substations/platforms combined. The total
accumulated duration of piling amounts to 1.32 years and
this will be undertaken in up to four phases across the piling
construction period. The total piling duration for the
temporal worst case scenario is calculated taking into
account the three main soil types across Subzone 2, using
a weighted average pile duration for these soil types. A
maximum hammer energy of 1,700 kJ will be required for
installation of piles for this scenario.
Maximum piling construction period:
The piling phasing has been estimated over different
foundation scenarios which require different hammer
energies according to the diameter of the pile. The longest
construction piling schedule (i.e., time to install all the
foundations accounting for periods of weather downtime,
trips back to port, and including 20% contingency), was
estimated using the scenario that potentially represents the
longest vessel time on site. The length of scenarios varied
according to the diameter of the pile and soil type. This was
because for some scenarios it was anticipated that drilling
would also be required to install piles in some locations due
to refusal, and a programme of ‘drive/drill/drive’ will be used,
therefore extending the duration of the piling period.
Five years is therefore the maximum extent of the piling
construction period and for most of the scenarios the piling
period will be considerably less than this and may be closer
to four years.

Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Piling duration for 1,700 kJ jackets ranges between 1 to 6 hours per
pile.
Total number of piles for substations and platform jacket foundations
= 208 piles. Indicative piling duration is 11.5 hours per pile with up to
25 hours of drilling where necessary.
The actual time piling (i.e., not including drilling, downtime or
handling time etc.) for installation of 15 MW jackets is estimated as
12.5 months and the estimated piling time for substations and
platforms is 3.3 months. Total piling is therefore 15.8 months (1.32
years) and piling will occur over four phases. This estimate is based
upon a single piling vessel, but the duration may be shortened if two
vessels pile concurrently.
Maximum piling construction period:
The piling construction period is the total length of time over which
piling will intermittently occur to complete the installation of the
foundations for the WTGs, substations, platforms and HVAC
substations. The maximum piling construction period is estimated as
five years.
Underwater noise from foundation piling and
other construction activities (e.g., drilling of
piles) for the two offshore HVAC reactive
compensation substations may cause physical
injury or disturbance to marine mammals.

Direct

Piling activity using jacket foundations as described below:
- Two offshore HVAC reactive compensation substations (eight 3 m
diameter piles at two locations adjacent to each other within the
cable route corridor) = 16 piles.
Maximum hammer energy per strike is 2,300 kJ with a maximum
piling duration of 11.5 hours per pile. Total piling duration of eight
days completed within a six month piling phase.
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Maximum adverse scenario for the HVAC reactive
compensation substations is assessed separately, i.e., not
concurrently with Subzone 2 as these are located outside of
Subzone 2. Substations comprise jacket foundations with a
maximum hammer energy of 2,300 kJ and it was assumed
that piles were all driven, irrespective of soil type. The two
offshore HVAC reactive compensation substations will be
constructed independently, (i.e., not concurrently), of each
other, therefore the maximum duration of piling is based on
single piling of eight days for both substations phased over
a period of six months.

Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Increased vessel traffic during construction
may result in an increase in noise disturbance
to marine mammals.

Direct

Disturbance from vessel movements from a range of vessel types:
- jack-ups, scour protection installation vessels, grout support
vessels, safety boats, tugs/support vessels, heavy lift vessels,
diver support vessels, cable installation vessels (cable laying, precable laying and cable post-lay burial vessels); and
- vessels for dredging and ploughing for sand wave clearance.
Cable installation vessels (as described above) required for
installation of up to 1,200 km of subtidal (offshore) export cable
(HVAC transmission, i.e., eight 150 km cables), 675 km of inter-array
and 10 km of platform accommodation cables via ploughing/
trenching/jetting/rock cutting//surface laying.
Noise from vessel engines for vessels described above, and from
thrusters used during dynamic positioning (requiring up to 42 vessels
per phase, (totalling 84 vessels at any one time based on a maximum
of two phases being constructed simultaneously), of which up to 50%
of vessels could have ducted propellers.
Maximum of 6,200 round trips to port by construction vessels over the
longest construction phase duration (i.e., maximum construction
period duration of six years).
Cable installation occurring over a period of five years in the subtidal
and three and a half years in the intertidal.

The maximum number of annual vessel movements for
installation of the turbines, substations, inter-array cables
and export cables has been considered within this
assessment to encompass the maximum adverse scenario
for potential disturbance from various construction vessels.
HVAC transmission represents the maximum adverse
scenario as it comprises the greatest total length of cables
for installation and therefore the greatest number of vessels.
Underwater noise associated with the vessels involved in
cable (and cable protection) installation (i.e., construction
activities other than piling) is assumed to be the dominant
source of noise during these activities.

Increased vessel traffic during construction
may result in an increased collision risk.

Direct

Vessel activity throughout Project Two:
- Vessels using ducted propellers are jack-ups, scour protection,
grout support, pre-during-post-cable laying and diver support; and
- Maximum of 6,200 vessel movements over the longest offshore
construction phase duration (i.e., maximum construction period
duration of six years).

The maximum number of annual vessel movements for
Project Two construction activities has been considered
within this assessment to encompass the maximum adverse
scenario for potential vessel strikes.
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Potential impact
Increased suspended sediments may impair
the foraging ability of marine mammals.

Direct/
Indirect
Direct

Maximum adverse scenario
Temporary increases in suspended sediments as described in
Chapter 1: Marine Processes and summarised for the activities
below:
Seabed preparation for gravity base foundation installation:
3
- 120 15 MW turbines: removal of up to 23,892 m per turbine
foundation and a maximum total spoil volume of 2,389,181 m3;
- Six offshore HVAC collector substations, two offshore HVDC
converter stations, two accommodation platforms.: maximum spoil
of 38,484 m3 for the two accommodation platforms, 153,939 m3 for
the six offshore HVAC collector substations and 209,000 m3 for the
two offshore HVDC converter stations;
- Plumes of increased suspended sediment concentrations greater
than 10 mg l-1 above background levels, but typically less than
80 mg l-1 except in the immediate vicinity of the works, predicted
within 1 km of the release location. Plumes of suspended sediment
concentrations of between 2 and 10 mg l-1 above background levels
predicted to extend 12 km from the boundary of Subzone 2; and
- Plumes of increased suspended sediment concentrations of more
than 2 mg l-1 above background levels predicted to extend up to
15.5 km to the northwest and up to 11.5 km to the southeast of the
release locations. Depth-averaged increases of more than 10 mg l-1
predicted to extend up to 5.7 km northwest and 5.5 km southeast
from the dredging/disposal locations. Suspended sediment
concentrations are predicted to return to background levels within
27 hours.
Cable installation:
Installation of 1,200 km of export cables (eight cable trenches
150 km in length) by jetting. Burial to depth of 3 m below the
stable seabed and 10 m width of disturbance;
Installation of 675 km of inter-array cables, 300 km of platform
interconnector cables and 10 km of accommodation platform
cables by jetting. Burial to depth of 3 m below the stable seabed
and 10 m width of disturbance; and
Plumes of increased suspended sediment concentrations of up to
30 mg l-1 above background levels predicted up to 40 m from the
cable route corridor, but will be short-lived. Maximum spatial
extent of the predicted plume (increases of 2 to 5 mg l-1) up to
16 km to the north and south.
Sandwave clearance:
- Sandwave clearance using trailer suction hopper dredging or mass
flow excavator, for Subzone 2 cable installation, with clearance of
13,974 m3 through the largest sandwave along the Subzone 2 cable
routes, assuming sandwave clearance occurring simultaneously
with two seabed preparation operations for gravity base
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Justification
The maximum adverse scenario presented for foundation
installation is associated with HVDC transmission as this
includes two offshore HVDC converter stations which
require greater areas of seabed preparation than the
offshore HVAC reactive compensation substations.
The maximum adverse scenario for cable installation is for
HVAC transmission as this will result in installation of up to
twice the length of export cables compared to HVDC
transmission.
The maximum adverse scenario for increase in suspended
sediment concentrations is based on the maximum adverse
scenario (e.g., finest sediment composition) as assessed in
Chapter 1: Marine Processes.
Cable installation would likely involve one, a combination of,
or all of, ploughing, trenching, jetting, rock-cutting, surface
laying with post lay burial, or surface laying. Of these
techniques, jetting will disturb the greatest volume of
sediment and as such is considered to be the maximum
adverse scenario for sediment dispersion.
Sandwave clearance using the two techniques that will
release the greatest volume of sediment. As both
techniques involve a different method of disturbing the sea
bed, both have been assessed.

Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

foundations;
- Sandwave clearance at the following Kilometre Point (KP) locations
along the export cable route corridor: KP 52.2; KP 58.5 and KP 60;
KP 61 to KP 63; KP 70 to 71.5; KP 76 to 77.5; KP 81 to KP 83.2;
and KP 96 (see Figure 1.8 in Chapter 1: Marine Processes).
Sandwave clearance using trailer suction hopper dredging or mass
flow excavator;
- Plumes of increased suspended sediment concentrations of up to
200 mg l-1 are predicted to extend up to 18 km to the north of export
cable sandwaves, and peaks of up to 50 mg l-1 at a distance of
16 km to the south of the cable route corridor. Peaks of 150 to
250 mg l-1 will persist for typically less than two hours after release.
Sediment concentrations are predicted to return to background
levels within 24 hours; and
- Plumes of increased suspended sediment concentrations of 5 to
10 mg/l above background levels predicted to extend up to 17.5 km
northwest and 13 km southeast of the Subzone 2 sandwave
clearance/seabed preparation locations.
Accidental pollution events during the
construction phase resulting in potential effects
on marine mammal receptors.

Direct

Synthetic compound, heavy metal and hydrocarbon contamination
resulting from:
- Construction of up to 360 (5 MW) turbines (also includes six
offshore HVAC collector substations, two offshore HVDC converter
substations and two accommodation platforms);
- Offshore refuelling for up to a maximum of 6,200 vessel
movements over the construction phase;
- Water-based drilling muds associated with drilling to install
foundations, should this be required;
- A typical 15 MW turbine is likely to contain approximately 375 l of
grease, 20,000 l of hydraulic oil and 3,750 l of gear oil, 79,500 l of
nitrogen and 5,625 kg of transformer silicon/ester oil;
- A typical offshore accommodation platform is likely to contain
approximately 400-10,000 l of coolant, 400-10,000 l of hydraulic oil
and 1,000-3,500 kg of lubricates;
- Four offshore fuel storage tanks:
o One on each of the two accommodation platforms for helicopter
fuel, each with a capacity of 12,000 l; and
o One on each of the two accommodation platforms for crew
transfer vessel fuel, each with a capacity of 210,000 l.
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These parameters are considered to represent the likely
maximum adverse scenario with regards to maximum
number of turbines and vessel movements during
construction.
Volumes of potential fuel/oils in turbines included as turbine
construction progresses through this phase.

Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Indirect

Changes in fish and shellfish community due to:
- Effect of piling noise from maximum adverse scenario (see above);
- Effect of habitat loss due to seabed preparation for gravity bases,
sandwave clearance and trenching for cable installation;
- Increased sedimentation and sediment deposition arising from
installation of gravity base foundations, cable installation and
sandwave clearance; and
- Potential for contamination arising from installation works and
construction vessels.

These represent the maximum adverse scenarios for fish
and shellfish receptors as described in Chapter 3: Fish and
Shellfish Ecology, and therefore the maximum worst case
scenario for effects on marine mammal prey species.

The operating noise of turbines may result in
potential effects on marine mammals.

Direct

Underwater noise vibration generated by operation of up to 360
5 MW turbines over the design life of the project (i.e., 25 years).

Since the area of ensonification is small for all turbine sizes
the maximum adverse scenario represents the maximum
number of operational turbines over lifetime of project.

Increased vessel traffic may result in an
increase in noise disturbance to marine
mammals.

Direct

Noise and disturbance from 2,817 vessel movements during
operation and maintenance (including from supply/crew vessels and
jack-up vessels) per year the design life of the project (i.e., 25 years).

The maximum adverse scenario represents the maximum
number of vessels and range of vessels likely to lead to
disturbance.

Increased vessel traffic may result in an
increase in collision risk to marine mammals.

Direct

Collision risk from 2,817 vessel movements during operation and
maintenance (including from supply/crew vessels and jack-up
vessels) per year over the design life of the project (i.e., 25 years).
Vessels using ducted propellers (only a proportion of the total
number, assumed 50% of the 22 vessels required for operation).

Maximum number of vessels and range of vessels likely to
lead to disturbance and/or vessel strike.

Increased suspended sediment during cable
maintenance may impair the foraging ability of
marine mammals.

Direct

Maintenance works to rebury subtidal inter-array, inter
accommodation platform, platform interconnector and export cables.

The maximum extent and elevation in suspended sediment
concentrations.

Electromagnetic fields (EMF) emitted by interarray and export cables may affect marine
mammal behaviour.

Direct

Maximum EMF resulting from:
- Up to 675 km of single AC inter-array (maximum voltage of 70 kV);
- Up to 10 km of single inter accommodation platform cables
(maximum voltage of 70 kV);
- Up to 300 km of platform inter-connector cables (maximum voltage
of 400 kV; HVDC transmission); and
- Up to 600 km of HVDC export cable (maximum voltage of ±600 kV)
and up to 1,200 km of HVAC export cables (maximum voltage of
400 kV).
The maximum adverse scenario is that inter-array cables, interaccommodation cables, export cables and platform inter-connector
cables will either be buried to a target minimum burial depth of 1 m or
by cable protection subject to cable burial assessment.

HVDC transmission represents the maximum adverse
scenario for magnetic field strengths, though for induced
electrical fields it is unclear whether HVAC or HVDC
transmission represent the maximum adverse scenario.
Both HVDC and HVAC transmission have therefore been
assessed.

Changes in the fish and shellfish community
resulting from construction impacts may lead to
a loss in prey resources for marine mammals.

Operation phase
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Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Accidental pollution events during the
operation and maintenance phase resulting in
potential effects on marine mammal receptors.

Direct

Synthetic compound, heavy metal and hydrocarbon contamination
resulting from operation of:
- Up to 360 (5 MW) turbines (also includes six offshore HVAC
collector substations, two offshore HVDC converter substations
and two accommodation platforms);
- Offshore refuelling for crew vessels and helicopters and up to
2,817 vessel movements during operation and maintenance
(including from supply/crew vessels and jack-up vessels) per year
over the design life of the project (i.e., 25 years);
- A typical 15 MW turbine is likely to contain approximately 375 l of
grease, 20,000 l of hydraulic oil and 3,750 l of gear oil, 79,500 l of
nitrogen and 5,625 kg of transformer silicon/ester oil;
- A typical offshore accommodation platform is likely to contain
approximately 400-10,000 l of coolant, 400-10,000 l of hydraulic oil
and 1,000-3,500 kg of lubricates;
- Four offshore fuel storage tanks:
o One on each of the two accommodation platforms for helicopter
fuel, each with a capacity of 12,000 l; and
o One on each of the two accommodation platforms for crew
transfer vessel fuel, each with a capacity of 210,000 l.
Potential leachate from zinc or aluminium anodes used to provide
cathodic protection to the turbines.

These parameters are considered to represent the
maximum adverse scenario with regards to maximum
number of turbines and vessel movements and therefore
the maximum volumes of potential contaminants carried
during operation and maintenance activities.

Changes in the fish and shellfish community
resulting from operational impacts may lead to
a loss in prey resources for marine mammals.

Indirect

Changes in fish and shellfish community due to:
2
- Long term loss of 5,446,510 m of benthic habitat and introduction
of new substrate (gravity base foundations);
- Underwater noise from operation of up to 360 5 MW turbines over
the design life of the project (i.e., 25 years);
- Maximum EMF as described above;
- Reduced fishing pressure within Subzone 2 over the design life of
the project (i.e., 25 years); and
- Accidental pollution events.

The maximum adverse scenario presented is associated
with HVAC transmission. This represents the maximum
adverse scenarios for fish and shellfish receptors as
described in Chapter 3: Fish and Shellfish Ecology, and
therefore the maximum adverse scenario for effects on
marine mammal prey species.
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Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Decommissioning phase
Underwater noise from turbine and cable
removal may cause disturbance to marine
mammals.

Direct

Underwater noise associated with decommissioning of:
- 360 5 MW turbines, six offshore HVAC collector substations, two
offshore HVDC converter substations and two accommodation
platforms); and
- 1,200 km of subtidal export cable (HVAC transmission, i.e., 150 km
eight cables), 675 km of inter-array and 10 km of platform
accommodation cables.

Maximum adverse scenario is for jacket foundations
associated with HVDC transmission as per the construction
phase and assumes the removal of all foundations and all
subtidal cables (scour protection will be left in situ). There
will be no piling required during the decommissioning phase
and as such the noise impacts are anticipated to be of a
lower magnitude than during the construction phase.
The necessity to remove cables will be reviewed at the time,
after consideration of the environmental impact of the
removal operation and safety of the cables left in situ (see
Volume 1, Chapter 3: Project Description). Therefore, the
maximum worst case scenario has assumed the removal of
all cables, although this is likely to be over precautionary.

Increased vessel traffic may result in an
increased noise disturbance to marine
mammals or increased collision risk.

Direct

Noise and disturbance and increase in collision risk due to a
maximum of 739 vessel movements in total over the
decommissioning phase. Range of vessel types as described for
construction phase (total number of vessels is 28 per phase of which
50% could have ducted propellers, as per the construction phase).

Maximum adverse scenario as per construction phase.

Increased suspended sediments may impair
the foraging ability of marine mammals.

Direct

Increases of suspended sediment concentrations associated with:
- Removal of up to 360 5 MW turbines, six offshore HVAC collector
substations, two offshore HVDC converter substations and two
accommodation platforms); and
- Removal of 1,200 km of subtidal export cable (HVAC transmission,
i.e., 150 km eight cables), 675 km of inter-array and 10 km of
platform accommodation cables.

Maximum adverse scenario as per the construction phase
for HVDC transmission and assumes removal of all
foundations and all subtidal cables (but no seabed
preparation or sandwave clearance).

Accidental pollution events during the
decommissioning phase resulting in potential
effects on marine mammals.

Indirect

Decommissioning of up to 360 5 MW turbines and 1,200 km of
subtidal export cable (HVAC transmission i.e., 150 km eight cables),
675 km of inter-array and 10 km of platform accommodation cables:
- Range of vessels which carry synthetic compound, heavy metal
and hydrocarbons;
- Potential for contamination resulting from machinery use and
vessel movement; and
- Maximum of 739 vessel movements in total over the
decommissioning period.

Maximum adverse scenario as per construction phase.

Changes in the fish and shellfish community
resulting from decommissioning impacts may
lead to a loss in prey resources for marine
mammals.

Indirect

Changes in the fish and shellfish community associated with all
decommissioning activities including temporary habitat loss,
underwater noise, suspended sediments, sediment deposition and
contamination.

Maximum adverse scenario as per construction phase (see
Chapter 3: Fish and Shellfish Ecology).
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Table 4.18

Assessment Criteria and Impact Assessment Methodology

Sensitivity

Guidance
4.6.2

The assessment method used in the marine mammal impact assessment has drawn
on the most recent Institute of Ecology and Environmental Management (IEEM)
guidelines (IEEM, 2010). In addition, the EIA approach takes note of the legislative
requirements of the Offshore Habitats Regulations, the Habitats Regulations, and the
Wildlife and Countryside Act 1981 (as amended). The full EIA methodology is
presented in Volume 1, Chapter 5: Environmental Impact Assessment Methodology.

The criteria for determining the significance of effects is a two stage process involving
consideration of the magnitude of the impact on a receptor and cross reference with
defined sensitivity of that receptor. The outcome of the assessment is to determine the
significance of these effects against predetermined criteria. Significance is assessed
by correlating the magnitude (spatial extent) of the impact and the sensitivity of the
receptor.

Receptor is not vulnerable to impacts regardless of value/importance.

Low

Locally important receptors with medium to high vulnerability and low
recoverability.
Regionally important receptors with low/medium vulnerability and
medium to high recoverability.
Nationally and internationally important receptors with low/medium
vulnerability and high recoverability.

Medium

Locally important receptors with high vulnerability and no ability for
recovery.
Regionally important receptors with medium to high vulnerability and low
recoverability.
Nationally and internationally important receptors with medium/high
vulnerability and medium/high recoverability.

High

Regionally important receptors with high vulnerability and no ability for
recovery.
Nationally and internationally important receptors with high vulnerability
and low recoverability.

Very high

Nationally and internationally important receptors with high vulnerability
and no ability for recovery.

Sensitivity of receptor
4.6.4

4.6.5

The sensitivity of marine mammal VERs is defined according to a five point scale
which is based on an assessment of the combined vulnerability of the receptor to a
given impact and the likely rate of recoverability to pre-impact conditions (Table 4.18).
Vulnerability is defined as the susceptibility of a species to disturbance, damage or
death, from a specific external factor. Recoverability is the ability of the same species
to return to a state close to that which existed before the activity or event which
caused change. It is dependent on its ability to recover or reproduce depending on the
extent of disturbance/damage incurred.

Definition

Negligible

Assessment criteria
4.6.3

Definition of terms relating to the sensitivity of marine mammals.

Magnitude of impact
4.6.6

Information on these aspects of sensitivity of the marine mammal VERs to given
impacts has been informed by the best available evidence from published studies and
evidence from analogous activities such as those associated with other offshore wind
farms and oil and gas industries. These assessments have been combined with the
assessed status (i.e., the level of designation/importance) of the affected marine
mammal receptor.

4-55

Magnitude of the impact on an identified VER was predicted by characterising the
impact and the effect on the relevant marine mammal receptors. This was done by
defining the spatial extent, duration (in relation to the life-history of the species),
frequency/timing (particularly in relation to seasonal variation, if known), and
reversibility of the impact. The magnitude was then assigned one of five levels based
on the predicted change from the baseline conditions identified in the baseline
characterisation (Annex 5.4.1: Marine Mammal Technical Report) or favourable
conservation status of the receptor (Table 4.19).

Table 4.19

Definition of terms relating to the magnitude of an impact upon marine
mammals.

Magnitude

Definition

No change

No change from baseline conditions.

Negligible

Very slight change from baseline condition.

Low

Minor shift away from baseline but the impact is of limited temporal or
physical extent.

Medium

The feature’s conservation status would not be affected, but there may
be a medium to long-term effect on ecological processes that would be
reversible in the long-term.

High

The proposal would affect the conservation status of the site or feature
with loss of ecological functionality which would be irreversible.

4.6.7

4.6.8

For the purposes of this assessment, any effect that is moderate, major or
substantial is considered to be significant in EIA terms. Any effect that is minor or
below is not significant and will not require mitigation. In cases where the significance
is predicted to be moderate or above, potential mitigation measures to prevent,
reduce and where possible offset such effects will be considered.
Assessment of Significance
Designed in mitigation measures adopted as part of the project

4.6.9

As part of the project design process a number of designed-in mitigation measures
have been proposed to reduce the potential for impacts on marine mammals (Table
4.21). These measures are considered standard industry practice for this type of
development. For further details, please refer to Volume 1, Chapter 5: Environmental
Impact Assessment Methodology.

Significance of effect

Table 4.21

The significance of the effect is determined by correlating the magnitude of the impact
and the sensitivity of the receptor. The method for correlating magnitude and
sensitivity is presented in Table 4.20. Where a range of significance of effect is
presented, the final assessment for each effect is based upon expert judgement.

Mitigation measures adopted as part of the
project

Justification

A 30 minute modelled soft-start will be used
for all piling activities. Piling will commence at
a maximum of 20% hammer energy with a
reduced strike rate. Hammer energy will ramp
up with a maximum increase up to full
hammer energy. The strike rate will increase
from every six seconds to every four seconds
over the soft-start.

The soft-start will provide an audible cue to
allow marine mammals to flee the area before
piling at full hammer energy commences. The
soft/slow-start will help to mitigate any
potential PTS injury.

An MMMP approved by the MMO in
consultation with the SNCBs, will be
implemented during construction. Marine
Mammal Observers and Passive Acoustic
Monitoring will be used to detect marine
mammals within the mitigation zone. For
piling starts during darkness or periods of
poor visibility (e.g., fog or high wave height)
acoustic deterrents may be employed 30
minutes prior to piling. The use of acoustic
deterrents will only be employed in
consultation and agreement with NE following
recommended guidelines.

The use of an approved MMMP will mitigate
for the risk of physical or permanent auditory
injury to marine mammals within a 500 m
mitigation zone. The mitigation zone is
determined based on the potential for
instantaneous auditory injury based on an
initial hammer strike at 600 kJ (soft-start
hammer energy) or auditory injury from
cumulative SEL as predicted by the subsea
noise modelling assessment.

Table 4.20

Matrix used for assessment of significance showing the combinations of
receptor sensitivity and the magnitude of effect.

Sensitivity /
Importance
(value) of
receptor

Magnitude of Impact
No Change

Negligible

Low

Medium

High

Negligible

Negligible

Negligible

Negligible
or minor

Negligible
or minor

Minor

Low

Negligible

Negligible
or minor

Negligible
or minor

Minor

Minor or
moderate

Medium

Negligible

Negligible
or minor

Minor

Moderate

Moderate or
major

High

Negligible

Minor

Minor or
moderate

Moderate or
major

Major or
substantial

Very high

Negligible

Minor

Moderate
or major

Major or
substantial

Substantial

4-56

Designed-in mitigation measures adopted as part of the project with respect
to marine mammals.

Mitigation measures adopted as part of the
project

Mitigation measures adopted as part of the
project

Justification

Codes of conduct for vessel operators
including advice to operators to not
deliberately approach marine mammals and
to avoid abrupt changes in course or speed
should marine mammals approach the vessel
to bow-ride.

To avoid the impacts of collision risk on, and
potential injury to, marine mammals.

A Code of Construction Practice (CoCP) will
be developed and implemented to cover the
construction phase and an appropriate
Project Environmental Management and
Monitoring Plan (PEMMP) will be produced
and followed to cover the operation and
maintenance phase of Project Two. The latter
will include planning for accidental spills,
address all potential contaminant releases
and include key emergency contact details
(e.g., Environment Agency, Natural England
and Maritime and Coastguard Agency
(MCA)).

Measures will be adopted to ensure that the
potential for release of pollutants from
construction, operation and decommissioning
activities is minimised. In this manner,
accidental release of potential contaminants
from rigs and supply/service vessels will be
minimised through strict pollution prevention
controls, thus providing protection for marine
life across all phases of the development.

The maximum working distance between the
two installation vessels will be 20 km.

Setting limits on the distance between
installation vessels will reduce the maximum
area of ensonification from the concurrent
installation of foundations.

Mitigation will be applied for construction of the
section of the cable route corridor that lies
within 4 NM (7.4 km) of the Humber Estuary
SAC and/or 30 NM (55.6 km) of The Wash
and North Norfolk Coast SAC (Table 4.47).
These mitigation measures will be established
through consultation with statutory advisors
and incorporating best practice in line with
latest JNCC guidance where possible (JNCC,
2012). Any procedures agreed will be
incorporated into the Construction and
Monitoring Programme.

The inshore section of the cable route
corridor lies within the zone of potential risk
for corkscrew injury as defined by JNCC
(2012), and as such appropriate guidance will
be followed (Table 4.47).

Inter-array cables will be buried to a minimum
of 1 m. Inter-array and platform interconnector cables will be buried to a maximum
of 3 m and as far as possible will be buried to
a minimum of 2 m depth in line with NE
recommendations. Export cables will be
buried to a maximum of 5 m although this is
only expected to be required in a limited
number of places; burial depth below stable
seabed of 3 m, subject to a cable burial
assessment, is anticipated for the majority of
the cable route corridor. Where it is not
possible to ensure that cables will remain
buried, cable protection will be installed.

Justification

While burial of cables will not reduce the
strength of EMF, it does increase the
distance between cables and marine
mammal receptors, thereby potentially
reducing the effect on those receptors.

Effects of Underwater Noise on Marine Mammals
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4.6.10

Marine mammals use sound for foraging, orientation, communication, navigation,
echolocation of prey and predator avoidance, and are therefore potentially susceptible
to elevated levels of anthropogenic sound that may impair auditory cues or disrupt
normal behaviour (Richardson et al., 1995). Subsea noise, particularly the loud
impulsive sounds associated with pile driving, was identified during the scoping
process as likely to cause impacts on marine mammals. This section provides
background information on how marine mammals use underwater acoustics, the
potential effects of anthropogenic noise, and the assessment of noise impacts on
marine mammal species.

4.6.11

Marine mammals have a highly developed auditory sense and both cetaceans and
pinnipeds vocalise underwater to communicate. Odontocete cetaceans (including
dolphin species and harbour porpoise) also echolocate, producing click trains (rapid
series of clicks or buzzing noises) that they use to locate prey, navigate, and which
also may have a communicative role. Passive listening is likely to be important in
detecting the presence of predators and other threats. Some species are highly vocal:
pelagic dolphin species for example, appear to use whistles as contact calls to
coordinate school structure and behaviour. Harbour porpoise appear to click almost
continuously in coastal habitats. Underwater vocal activity in other species, including
pinnipeds and baleen whales, may predominantly occur at certain times of the year
associated with breeding or migration.

4.6.12

The range of sounds produced varies between species groups, as does the hearing
thresholds of these species. Hearing sensitivity is based on both the frequency range
of marine mammals and their threshold of hearing (i.e., the level of sound at which

they perceive noise; refer to Annex 4.3.2: Subsea Noise Technical Report). For
example, harbour porpoise are very sensitive as they hear over a large bandwidth of
frequencies and their range of perception starts at a much lower sound pressure level
than for other species.
4.6.13

High levels of underwater sound can potentially have a negative impact on marine
mammals ranging from changes in their acoustic communication, displacing them
from an area, and in more severe cases causing physical injury or mortality
(Richardson et al., 1995). In general, biological damage as a result of sound is either
related to a large pressure change (barotrauma) or to the total quantity of sound
energy received by a receptor over a set period. Barotrauma injury can result from
exposure to a high intensity sound even if the sound is of short duration, such as an
explosion. However, when considering injury due to the energy of an exposure, the
time of the exposure becomes important. For example, a continuous source operating
at a given sound pressure level has a higher total energy and is therefore more
damaging (Southall et al., 2007) than an intermittent source reaching the same sound
pressure level. Richardson et al. (1995) defined and grouped the effects of underwater
anthropogenic noise sources into four zones of impact and are defined as the zones
of: 1) injury (i.e., lethality and auditory injury), 2) responsiveness (behavioural
disturbance), 3) masking and, 4) audibility.

4.6.16

The relationship between these two thresholds is complex since PTS can either be
induced by a single high level noise exposure or by chronic (longer term) noise
exposure at lower levels (Southall et al., 2007). The threshold for auditory injury is
therefore taken as the levels at which PTS starts to occur, based on the overall noise
dose received over time, and is termed the PTS-onset criteria. Given that PTS cannot
be ethically or legally induced in animals to determine the threshold, Southall et al.
(2007) proposed that noise exposure criteria for PTS-onset should be extrapolated
from the onset of TTS based on the assumed relationships between the relative levels
of noise likely to cause TTS and PTS. This provides a very precautionary estimate of
the noise levels likely to induce permanent auditory injury, however, not all animals
exposed to this level will experience PTS. This was illustrated by Finneran et al.
(2005), who showed that there was a graded response to different SELs such that
only a proportion of trials resulted in TTS in animals.

4.6.17

As marine mammals rely heavily on their underwater auditory sense, it may be
assumed that PTS would affect an individual's long-term fitness and survival.
Therefore, following the precautionary approach described above for Southall et al.
(2007), JNCC (2010) recommend the use of PTS-onset to define permanent auditory
injury from underwater noise. Similarly, the onset of TTS is taken as the level at which
all animals would experience temporary auditory injury. Again this is precautionary as
it assumes that the hearing of all animals will be affected in the same way. The
ecological effect of TTS depends not only on the magnitude of the TTS, its duration
(depending on the exposure duration), and the recovery time after the exposure
stopped, but also on the frequency at which hearing is affected and whether this
frequency is important, for example, for echolocation (Kastelein et al., 2013). The
most likely response of marine mammals to noise levels that could induce TTS is to
flee from the ensonified area (Southall et al., 2007). Subsequently, the onset of TTS is
referred to as the 'fleeing response' threshold in the noise modelling undertaken for
this project. As an animal flees an area its exposure to the noise level decreases and
therefore the likelihood of TTS (and PTS) is reduced.

4.6.18

For each species, the modelling study considered the potential for auditory injury to
occur based on the cumulative dose received as the animal flees the area. This gave
an estimate of the distance from the noise source at which the animal would have to
be to risk auditory injury from prolonged exposure.

Injury
Lethality
4.6.14

Very close to the source, the high peak pressure sound levels have the potential to
cause death, or severe injury leading to death, of marine mammals (Yelverton et al.,
1973). Some of these effects may be considered to be barometric pressure effects
due to the shock experienced by the animal, rather than acoustic effects per se. Noise
levels required to produce these effects are measured as peak to peak pressure
waves, as the amount of noise does not relate to how the animal perceives noise or
may respond to it. Lethal effects (mortality) for all species occur at a peak to peak
level of 240 dB re. 1µPa (Annex 4.3.2: Subsea Noise Technical Report).
Auditory injury

4.6.15

High levels of noise exposure can also cause an instantaneous auditory injury
resulting in a Permanent Threshold Shift (PTS) that persists once sound exposure has
ceased. In addition, PTS may also result from prolonged exposure at lower levels
sufficient to cause a Temporary Threshold Shift (TTS). Although animals are able to
recover fully from TTS, particularly as they move away from the source, hearing loss
may become permanent if hearing does not return to normal after several weeks.
Therefore, the distinction between TTS and PTS depends on whether there is
complete recovery of the individual's hearing.

Behaviour
4.6.19
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Studies of the behavioural response of marine species to sound describe a variety of
different behavioural reactions. At lower levels, anthropogenic noise may temporarily
impair hearing, cause stress or disturbance to behaviour by disrupting communication,
echolocation or threat detection. Animals may also actively avoid an ensonified area.
Based on this, JNCC (2010) define disturbance in terms of animals incurring a
sustained or chronic disruption of behaviour or undergoing a significant change from
their expected distribution.

4.6.20

4.6.21

Whilst it is widely acknowledged that hearing sensitivity of the animal is a key factor
(Finneran and Schlundt, 2011; Terhune, 2013 and Nedwell et al., 2007b), the context
of the exposure is also likely to have an influence on behaviour, in addition to the level
of the underlying ambient noise (i.e., the perceived signal-to-noise ratio). Clearly, the
frequency characteristics of the source need to be taken into account, as does the
type of sound exposure (Southall et al., 2007).

Audibility
4.6.24

Behavioural disturbance or displacement may be particularly important for seals as
they often show high levels of site-fidelity to their haul-out sites (Cordes et al., 2011).
Foraging ranges often become concentrated around their breeding and haul-out sites
(although grey seal also range widely), creating increased competition for food. For
those individuals displaced, this could lead to greater energetic costs of foraging or
reduced foraging activity. Conversely, other species including harbour porpoise and
white-beaked dolphin show less site-fidelity to a particular area, and therefore
displacement from an area may be less important than for seals.

Noise Propagation Model
4.6.25

The noise propagation modelling employed for this study has been undertaken by the
National Physical Laboratory (NPL) and is described in full in Annex 4.3.2: Subsea
Noise Technical Report. Potential impact ranges from pile driving have been
estimated using the Weston energy-flux model (Weston, 1976) which is capable of
propagation over large distances whilst accounting for range-dependent bathymetry.

4.6.26

Underwater sound propagation was modelled at five locations within Subzone 2 and
at both HVAC reactive compensation substation locations within the cable route
corridor (Figure 4.13 and Table 4.22). The locations were selected to encompass a
range of sound propagation conditions resulting from variation in seabed composition
and bathymetry, including locations near up-sloping and down-sloping bathymetry
profiles.

Auditory masking
4.6.22

4.6.23

The audible distance or the physical range over which marine species can hear the
construction activity will extend to the distance that the sound either, falls below the
ambient perceived sea noise level, or the auditory threshold of the animal. In simple
terms, this is the range at which the animal can barely detect the sound source
(Madsen et al., 2006). Whether the sound is audible to an animal is not usually a
consideration used for impact assessment, since impact is usually judged in terms of
physical or behavioural effects triggered at levels that exceed mere audibility
thresholds, which may already be within the ambient noise level. There may be no
consequence, negative or otherwise, of the animal hearing the sound.

Noise can mask communication, echolocation and the sounds of predators, prey and
the general marine environment. Auditory masking occurs when an unwanted sound
or noise may partially or entirely reduce the audibility of a signal which occurs in the
same critical hearing band, even if the signal level is above the absolute hearing
threshold. Auditory masking can reduce the ability of an animal to communicate or
detect predators. For sonar equipped animals, masking can also reduce their ability to
hunt and navigate. However, the short pulse length and relatively low repetition rate of
hammer strikes used for marine piling reduce the likelihood of this sound masking out
the short, higher frequency vocalisations of marine mammals. This is even the case at
longer ranges where the pulse length might be lengthened due to reverberation.

Table 4.22

It should also be noted that the predominant acoustic energy generated during marine
impact piling is well below the frequencies used for communication and echolocation
in odontocetes and so there is no cross-over at levels which might cause significant
masking in the critical hearing bands (Thomsen et al., 2006). This may not be true for
pinnipeds that can vocalise at frequencies which overlap with marine impact piling
(Thomsen et al., 2006). The operational noise from a wind turbine or wind farm will
generate a continuous type noise signal but these are generally considered to be too
low in level and restricted to a small area, such that the impact, if any, will be small
and restricted. For harbour porpoise specifically, they are believed to be too low in
level and frequency to cause masking problems (Tougaard and Henriksen, 2009).

Piling locations used for the noise propagation modelling within Subzone 2
and the two offshore HVAC reactive compensation substation locations.
Coordinates given (WGS84).

Location ID
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Latitude (N)

Longitude (E)

1

53° 58' 32.700"N

02° 04' 54.246"E

2

53° 50' 08.520"N

01° 28' 02.640"E

3

54° 00' 28.440"N

01° 27' 34.200"E

4

53° 59' 45.924"N

01° 51' 02.394"E

5

53° 58' 21.720"N

01° 41' 39.480"E

6 (HVAC 1)

53° 37' 54.300"N

00° 55' 59.730"E

7 (HVAC 2)

53° 38' 09.312"N

00° 55' 49.578"E

Modelling to estimate impact ranges
4.6.27

Due to the nature of the sediment around the Project Two marine mammal study area,
the noise modelling was carried out for two different substrate types: sandy substrate
to the north and gravelly sand to the south. Given that much of the area constitutes a
sand sediment type, the modelling results where sand sediment was adopted would
be expected to be better representative of the total surface area likely to be impacted
around the modelled sound source. Propagation ranges modelled for gravelly sand
would likely be an overestimate as the sediment to the south also comprises sand
which would result in more rapid loss of sound compared to gravelly sand. This was
considered appropriate and representative of the maximum adverse scenario given
that much of the area constitutes a sand sediment type and only limited transects to
the south comprised gravelly sand. To the south along the cable route corridor, the
sediment type is more representative of mixed sediment, and so gravelly sand was
used to estimate the area of impact for the two offshore HVAC reactive compensation
substations locations.

4.6.28

Generally, for the conditions around the Hornsea Zone, shallow water will result in
higher received noise level close to the source when compared with deeper water.
This is because the sound energy is trapped in a smaller water volume in shallow
water. At ranges greater than around 2 km, this effect is overcome by increasing
interactions with the seabed, due to reflections between the surface and the seabed,
which results in greater loss of the sound energy into the seabed. Due to prominent
influences of the propagation environment at short ranges and uncertainties in the
propagation environment at such small scales, the impact ranges for injury criteria and
pinnipeds were obtained based from the overall range maxima (resulting from
sediment type and tidal conditions).This was also applied for behavioural criteria for
pinnipeds due to the much shorter impact ranges for this marine mammal group.

4.6.29

The modelled source was based on using a range of hammer blow energies: 600 kJ,
1,200 kJ, 1,800 kJ, 2,400 kJ, and 3,000 kJ, which correspond to 20%, 40%, 60%, 80%
and 100% of the maximum hammer energy to install turbine foundations. The
modelled source was based on using a maximum 3,000 kJ hammer blow energy. This
relates to the maximum hammer energy likely to be required in order to achieve full
depth penetration, however, in reality and based on previous wind farm construction
experience, the maximum hammer energy is rarely achieved during a piling sequence
and then only for short durations (e.g., Bailey et al., 2010). The dimensions of the pile
are not expected to have a significant effect on noise energy output and the noise
resulting from a given hammer energy would be expected to be the same, regardless
of pile size.

4.6.30

Following publication of the Draft Environmental Statement (SMart Wind, 2013) a piledriveability study was carried out to investigate the potential effects of noise
disturbance under different installation scenarios. The pile driveability study took into
account the differences in soil profile across the site and identified a range of hammer
energies that would be required for installation of different diameter pin piles or
monopiles. Hammer energy ranged between 1,000 kJ for installation of a 5 MW jacket
foundation to 3,000 kJ for installation of an 8 MW monopile. As detailed in Table 4.17,
installation of 10 m diameter 8 MW monopile turbine foundations using the 3,000 kJ
hammer represents the spatial maximum adverse scenario, while installation of 2.2 m
diameter 15 MW jacket foundations represents the temporal maximum adverse
scenario. For installation of the HVAC reactive compensation substations the spatial
maximum adverse scenario for installation of piles would require a maximum hammer
energy of 2,300 kJ (Table 4.17).

4.6.31

A soft-start of 30 minutes, where the hammer energy applied would be 20% of the
total hammer energy, would be expected at all piling locations. Thus, for a maximum
hammer energy of 3,000 kJ the soft-start would commence at 600 kJ. Following the
soft-start, a gradual increase in hammer energy would occur up to the maximum
hammer energy needed to install piles to full design depth at each location. However,
this is not expected to apply for all foundations as this will depend on the conditions at
each pile location. The finalised driving requirements are sensitive to the final pile
length, geometry, diameter, soil strength and soil composition at each location. In the
event of pile refusal before the design penetration depth is achieved when a hammer
energy of 3,000 kJ is being used, then relief drilling will be undertaken to complete the
piles in question. In these cases, a combination of ‘drive-drill-drive’ will be undertaken,
with the drilling period between piling periods dependent upon the conditions at the
location.
Modelling the effect of multiple piling vessels

4.6.32
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To assess the effect of multiple piling vessels, the energy flux model was used to
model multiple sources. As it is highly unlikely that the sound pulses would interfere
constructively, the sound levels would not be expected to increase as a result of
summation. Whilst constructive sound interactions may not be expected, however,
using multiple piling vessels could increase the area within which behavioural effects
may be expected. The extent to which these areas overlap depends on the separation
between piling vessels, and for the purposes of the current assessment, the use of
two piling vessels operating concurrently within Project Two has been assumed with a
maximum separation of 20 km between the vessels.

Table 4.23

Modelling sound as a function of water depth
4.6.33

The noise modelling study assumed that marine mammals will travel in the mid-water
column where sound pressure levels are greatest. However, in reality animals would
not be subjected to these high sound pressure levels at all times since they are likely
to move up and down through the water column, and surface to breathe, where the
sound pressure would drop to zero (paragraph 4.6.76). This variation through the
water column was modelled for a single location (Location ID5) and single piling event
near the surface at a depth of approximately 2 m to obtain illustrative impact ranges
from the pile at which an SEL of around 145 dB re 1 μPa2·s might be expected.

Hammer Energy
(% of 3000 kJ)

Sound exposure level (SEL) dose modelling
4.6.34

4.6.35

4.6.36

Pile driving parameters assumed for calculating SEL dose resulting from
prolonged exposure.

The effect of continued exposure during a piling sequence (i.e., exposure to more than
one sound pulse) is likely to cause auditory damage at ranges greater than those for
auditory injury from a single pulse (i.e., instantaneous auditory injury). This results
from the combined effect of a sequence of piling pulses, which can be summed up as
sound energy to provide the SEL dose (Theobald et al., 2009; Lepper et al., 2011).

Time from start
of piling (min)

Duration
(min)

Blows Per
Minute

Number of
Blows 1

20 (600 kJ)

0

30 (soft start)

38

1,140

40 (1,200 kJ)

30

30

38

1,140

60 (1,800 kJ)

60

15

32

480

80 (2,400 kJ)

75

60

32

1,920

32
100 (3,000 kJ)

135

varies

Up to 10,000 (until
pile at full depth or
refusal)

1

The number of blows represents the maximum number of blows at each hammer energy.

Summary of underwater noise model assumptions

The SEL dose has been modelled for the harbour porpoise, minke whale, whitebeaked dolphin, grey seal and harbour seal. The piling sequence that was modelled is
shown in Table 4.23 and is based on a soft/slow-start at 20% that gradually ramps up
to full energy for the rest of the piling sequence. This sequence is considered to be an
overestimate of the likely piling sequence which is likely to consist of a sequence of
increasing and decreasing hammer energy as the pile is driven through different soil
substrates. The sequence considered here has a maximum of 10,000 hammer strikes,
at about 1.5 s to 1.8 s intervals and no gaps in piling exceeding these inter-strike
intervals. Again this is likely to overestimate the cumulative dose received throughout
the piling sequence as in reality the hammer strikes are unlikely to maintain this speed
across the full duration of the piling event.

4.6.37

The effect of SEL dose has been predicted by summing up the SEL received levels of
the entire piling sequence assuming that an animal moves away from the source once
piling starts and continues to move away throughout the piling sequence. The adopted
swim speed was 1.5 ms-1 for all species (based on data from Otani et al., 2000; Culik
et al., 2001; Akamatsu et al., 2007), with the exception of baleen whales, where a
swim speed of 3.25 ms-1 was adopted, based on published values for minke whale
(Blix and Folkow, 1995). It should be noted this piling sequence is illustrative and likely
overestimates the expected piling duration and possibly also the general hammer
strike energy.
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As discussed in paragraphs 4.6.191 et seq., the noise modelling assessment adopted
a number of precautionary assumptions to provide a realistic maximum adverse
scenario (Annex 4.3.2: Subsea Noise Technical Report). These are summarised as
follows:


Piling sequence is likely to be an overestimate of the hammer energy increase
and average number of strikes per minute;



The model assumes that a maximum hammer energy is used although
experience of previous wind farms shows that this is rarely achieved (Theobald
et al., 2010; Bailey et al., 2010). A pile driveability study was carried out to
provide a more realistic representation of the duration for which each hammer
energy is applied during the piling sequence, i.e., from the soft-start and ramping
up to the maximum 3,000 kJ hammer energy;



Maximum vessel separation distance of 20 km during concurrent piling;



Soft-start procedure simulated does not allow for short pauses in piling (e.g., for
realignment), and therefore the modelled cumulative SEL is likely to be an
overestimate since, in reality, these pauses will reduce the noise exposure that
animals experience whilst fleeing;



The model overestimates the noise exposure an animal receives since it does
not account for any time that marine mammals spend at the surface, the reduced
sound levels near the surface, nor the temporal hearing recovery between piling
sequences;





Table 4.24

PTS

179¹

198

198

186

186

The SEL criteria used for PTS for pinnipeds in water (186 dB re.1 µPa2.s-1)
follows Southall et al. (2007).

TTS/fleeing²

164¹

183

183

171

171

Likely avoidance³

N/A

170

152

N/A

N/A

Possible avoidance³

145¹

160

142

N/A

N/A

Threshold

Marine Mammal Noise Thresholds
4.6.38

4.6.39

Summary of noise thresholds (Sound Exposure Levels in dB re. 1µPa2.s)
modelled for marine mammal receptors.

The model adopts an average swim speed of 1.5 ms-1 for all species (based on
harbour porpoise mother calf pairs; Otani et al., 2000) as a fleeing speed, with
the exception of baleen whales, where a swim speed of 3.25 ms-1 was adopted
based on published values for minke whale (Blix and Folkow, 1995) and
therefore the cumulative SEL dose is likely to be an overestimate of received
noise for animals that swim faster than these rates; and

Harbour
porpoise

White-beaked
dolphin

Minke
whale

Grey
seal

Harbour
seal

¹ Precautionary criteria based on single pulse in the studies by Lucke et al. (2009);

In determining impact criteria on marine mammals from anthropogenic sound,
Southall et al. (2007) outlines generalised and precautionary frequency-weighting
functions (called M-weighting) for five groups of marine mammals, based on
known/estimated auditory sensitivity at different frequencies: a) low frequency (LF)
cetaceans (7 Hz – 22 kHz); b) mid-frequency (MF) cetaceans (150 Hz – 160 kHz); c)
high frequency (HF) cetaceans (200 Hz to 180 kHz); d) pinnipeds in water (75 Hz –
75 kHz), and e) pinnipeds in air (75 Hz – 30 kHz). Of the species encountered in the
Project Two marine mammal study area, minke whale is placed in the LF cetaceans
group, white-beaked dolphin in the MF group, harbour porpoise in the HF group and
harbour and grey seals in the pinnipeds in water group.

² Based on the single pulse criteria for the onset of TTS in studies by Southall et al., (2007).
³ *Derived from Southall et al. (2007) severity scaling behavioural response – only applicable to
MF and LF cetaceans.

For each of the functional marine mammal groups, NPL calculated the potential range
at which received levels would lead to: (a) instantaneous auditory injury (onset of
PTS); (b) fleeing response (onset of TTS); (c) likely avoidance; and (d) possible
avoidance, using thresholds identified in Table 4.24. The impact criteria used to
determine effect radii for each of the noise thresholds were those suggested by
Southall et al. (2007) for LF cetaceans, MF cetaceans and pinnipeds in water (Mweighted SEL). However, the criteria adopted for harbour porpoise (HF cetacean) was
modified slightly to adopt a more precautionary approach. Based on studies of seismic
airgun pulses, and supported by field observations of harbour porpoise during the
construction of Horns Rev offshore wind farm in Denmark, Lucke et al. (2009)
suggested that the generic HF cetacean group criteria are not suitable for use with
harbour porpoise, since both injury and disturbance may occur at greater distances
from the sound source than for other HF cetaceans. This is further acknowledged by
Southall et al. (2007). Harbour porpoise injury ranges have therefore been derived
based on a TTS to PTS extrapolation of data published by Lucke et al. (2009), with
the TTS to PTS extrapolation following the methodology outlined by Southall et al.
(2007).
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4.6.40

For behavioural disturbance of cetaceans the noise modelling considered two
approaches: single pulse behavioural disturbance (based on the onset of TTS) and
behavioural response severity scaling for multiple pulses (which accounts for the
duration of the sound producing activity) (Southall et al., 2007). The single pulse
criterion is referred to in this assessment as ‘fleeing’ behaviour as it has previously
been associated with fleeing response in belugas. It should be noted that TTS onset
per se is not a behavioural response and is only used as an indicator of an
instantaneous fleeing response which might be expected from the noise regardless of
its duration. The single pulse behavioural criterion was applied, as stated by Southall
et al. (2007), to pinnipeds, low and mid-frequency cetaceans, while recent findings by
Lucke et al. (2009) were used to estimate the harbour porpoise fleeing behaviour
based on the onset of TTS following the criteria guidance proposed by Southall et al.
(2007).

4.6.41

The behavioural response severity scaling for multiple pulses (i.e., effect on behaviour
of the prolonged nature of the source) has been used to determine the ranges over
which possible avoidance of the area may occur. For this assessment, this is based
on the severity scaling response score 5/6 (Southall et al., 2007). The severity scaling
is further broken into upper and lower limits, where there was applicable data, which
are referred to in this assessment as ‘likely’ and ‘possible’ avoidance of area,
respectively.

4.6.42

In terms of pinnipeds, it has been shown that possible avoidance may be exhibited
when received levels are likely to result in a mild TTS (Southall et al., 2007), thus TTS
onset was used as a single behavioural criterion for pinnipeds.

4.6.43

A full description of the modelling criteria adopted for each threshold together with the
assumptions and data limitations is provided in Annex 4.3.2: Subsea Noise Technical
Report.

Figure 4.13

Single pile driving positions modelled within Subzone 2 and along the cable route corridor (numbers correspond to Location IDs in Table 4.22).
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Population Consequences of Disturbance (PCoD) Modelling
4.6.44

In 2005, the National Research Council of the United States Academy of Sciences
(NRC) developed a ‘conceptual model’, the Population Consequences of Acoustic
Disturbance (PCAD) model, outlining the way marine mammals respond to
anthropogenic sound and how inferences could be made between observed
behavioural changes and the population consequences of these responses (NRC,
2005). A US Office of Naval Research (ONR) Working Group extended the PCAD
model to consider forms of disturbance other than noise, and to address the impact of
disturbance on physiology as well as behaviour and developed the basic PCoD
approach (Harwood et al., 2014). The PCoD approach provides a means of assessing
and quantifying the potential consequences for marine mammal populations of any
disturbance and/or injury that may result from the construction and operation of
offshore energy developments, such as offshore wind farms (Harwood et al., 2014).

4.6.45

The PCoD model shows how disturbance can affect both the behaviour and
physiology of an individual animal, and how these changes may affect that individual’s
vital rates (i.e., the components of individual fitness that affect the probability of
survival, production of offspring, growth rate and offspring survival). Vital rates may be
affected directly (e.g., an acute effect on survival such as hearing damage as a result
of PTS) or indirectly (e.g., a chronic effect such as a reduction in the ability to feed
and therefore reduction in body condition which could affect the reproductive ability of
an animal).

4.6.46

The interim PCoD model simulates the median population difference over time for a
disturbed and an undisturbed population in order to provide comparison of the type of
changes that could occur as a result of natural environmental variation, demographic
stochasticity and disturbance. The results are also summarised in relation to the risk
that a population will decline by a given percentage (e.g.. 1%, 2%, or 5%) over certain
numbers of years (e.g.. 1, 6, 12 and 18 years) after piling commences. The interim
PCoD can also forecast the size of the population many years after piling ceases,
however, these forecasts are considered to be unrealistic as they assume that vital
rates in a reduced population will not alter as a result of density dependence.
Therefore the simulated population in the model is not shown to recover once the
effects of disturbance and PTS have ceased (Harwood et al., 2014). This is a
limitation to the model and is described further in paragraph 4.6.49.

4.6.47

Empirical data necessary to parameterise the ONR PCoD for priority marine mammal
species in the UK does not currently exist. Therefore, the Sea Mammal Research Unit
(SMRU) and the University of Aberdeen developed a simplified version of the ONR
PCoD model, the interim PCoD approach, which can be used as an interim approach
when empirical data on the effects of physiological and behavioural change in the
individual health of marine mammals is not available. An interim version of the PCoD
approach was made available in September 2014 and a series of workshops were
provided for interested parties to demonstrate the application of the interim PCoD
model.

4.6.48

The interim PCoD model is based on expert elicitation, a process widely accepted in
conservation science whereby the opinions of many experts are combined when there
is an urgent need for decisions to be made but a lack of empirical data with which to
inform them. In the case of the interim PCoD, the marine mammal experts were asked
for their opinion on how changes in hearing resulting from permanent threshold shift
(PTS) and behavioural disturbance (equivalent to a score of 5* or higher on the
‘behavioural severity scale’ described by Southall et al. (2007)) associated with
offshore renewable energy developments affect calf and juvenile survival and the
probability of giving birth (Harwood et al., 2014). Experts were asked to estimate
values for two parameters which determine the shape of the relationships between the
number of days of disturbance experienced by an individual and its vital rates, thus
providing parameter values for functions that form part of the PCoD model (Harwood
et al., 2014).
Limitations of the interim PCoD approach

4.6.49
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During the expert elicitation process there were a number of concerns raised by the
participating experts regarding potentially missed information or inaccurate
assessment. For example, there was concern regarding the degree of PTS onset as a
metric for total hearing loss and the absence of frequency bands for PTS made it
difficult to provide a likely impact. These issues together with other feedback from
experts is provided in Harwood et al. (2014), and demonstrates the limitations of using
the elicitation approach in determining effect on vital rates. The model may also be
limited by the relatively low return of questionnaires (41 responders out of 150
experts) sent during the elicitation process.

4.6.50

A major limitation of the current interim PCoD protocol is that no form of density
dependence has been incorporated. As discussed in Harwood et al. (2014), the
concept of density-dependence is fundamental to understanding how animal
populations respond to a reduction in their size. In population biology, densitydependant factors, such as resource availability or competition for space, can limit
population growth. If the population declines, for example due to by-catch, these
factors are no longer limiting and therefore, for the remaining individuals in a
population, there is likely to be an increase in survival rate and reproduction. This then
allows the population to expand back to previous levels at which density-dependant
factors become limiting again (i.e., population remains at carrying capacity). For UK
populations of harbour porpoise (and other marine mammal species), however, there
is no published evidence for density dependence and therefore, density dependence
assumptions are not currently included within the interim PCoD protocol.

4.6.51

The consequence of not including any assumptions about density dependence is that
any mortality or decline in fertility of harbour porpoise, caused by PTS and/or
behavioural disturbance, will result in a decrease in the size of the modelled disturbed
population that will persist for many years; since there is no assumption that an
increase in potentially limiting factors (food, space) will allow population recovery back
to carrying capacity. Thus, by not accounting for density dependence, the outputs
cannot be used to reliably forecast the size of the population many years after the
disturbance has ceased.

4.6.52

Following the interim PCoD protocol workshops in September 2014, SMart Wind ran
some initial scenarios for Project Two alone, to understand the input requirements and
sensitivities of the model. The results showed that there is a large degree of variation
about the median values creating uncertainty in the interpretation of the results. In
addition, the model was very sensitive to the parameter specified for the number of
residual days’ disturbance (additional days during which animals will avoid the
disturbed area). A sensitivity assessment was carried out to test scenarios in which
the only metric altered was the number of residual days and the outcome, in terms of
the population-level effects, were very different.
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4.6.53

To illustrate the sensitivity of the model, and following discussions with the model
developer (John Harwood pers. comm) we compared two scenarios. The first
scenario assumed that only those animals displaced from the disturbed area
(estimated using the dose-response curve; see paragraph 4.6.76 et seq) would incur
an effect on their vital rates from noise disturbance. In this case the number of
residual days disturbance was specified as two based on the findings in Brandt et al.
(2011), which showed that harbour porpoise activity (as determined by acoustic
monitoring) only returned to pre-disturbance levels after 72 hours. The second
scenario assumed that 100% of animals within the disturbed area would incur effects
on their vital rates, but here disturbance relates to a range of behavioural effects (e.g.
changes in swimming behaviour, diving behaviour, communication etc.; paragraph
4.6.65) and therefore animals may remain in the area during this time. Therefore, for
this scenario, the number of residual days was zero since disturbance under this
range of definitions would only occur during the day(s) on which piling actually takes
place.

4.6.54

The results of the PCoD model showed that although the total number of animals
potentially affected in the first scenario (dose-response numbers) were approximately
50% lower than the second scenario (see Table 4.27), the effect of using two residual
days resulted in the potential effects on the population being greater (i.e. the
cumulative probability of a 1% decline in the population was larger) for the first
scenario. The risk here is that, due to the sensitivity of the PCoD to residual days, the
outcome may not be an accurate assessment of the possible population-level effects
and may be over-precautionary. Preliminary results from the DEPONS model for
harbour porpoise in the North Sea do not suggest any population level effect of pile
driving. In these simulations, the model was set so that animals would remain
deterred by pile driving noise up to 2.5 hours after the piling finished but they still
returned fairly quickly (within less than a day) to the disturbed area (Jacob NabeNeilsen, pers. comm). This is supported by empirical data on harbour porpoise click
frequency (as a proxy for density) collected using acoustic data-loggers before piling,
during multiple piling, and after piling at the DanTysk offshore wind farm in the
German/Danish waters of the North Sea which showed that porpoise densities always
recovered in less than 10 hours following piling (Jacob Nabe-Neilsen, pers. comm)
(see paragraph 4.6.58). This suggests it may be more realistic to assume that residual
time should be zero in most cases; however, this is caveated with the fact that there is
still a need to further investigate porpoise return times following multiple pile driving
activity and to this end, more data will be gathered under sub-package (SP) 4 as part
of the DEPONS programme.

4.6.55

Given the limitations of the interim PCoD approach, as described above in paragraphs
4.6.49 to 4.6.51, it is anticipated that the outputs of the interim PCoD protocol may
prove useful in providing a range of expert opinions on the level of perceived risk of
population consequences as a result of piling activities, in comparison to a scenario
where there is no disturbance from piling. However, the outputs will not provide
realistic estimates for long-term population recovery as the model does not
incorporate any density dependence assumptions (Harwood et al., 2014), nor can the
interim PCoD model be seen as a replacement for the collection of empirical data.
The SNCBs have indicated that one of the main strengths of the interim PCoD may be
in assessing the cumulative impact of several developments and the SNCBs advise
that this may be better achieved at a strategic/industry level.

4.6.58

The model assumes that harbour porpoise reacts to subsea noise by moving away
from the source, and that the incidence of this avoidance increases linearly with the
amount of noise they experience. In this model return time (i.e. the time it takes
animals to return to a disturbed area) is an emergent property. It is closely related to
the ‘deterrence behaviour’ of the simulated animals, which was defined using four
parameters. The parameter that is key to understanding the return of porpoises
following cessation of the noise, and therefore to understanding the level of precaution
in the interim PCoD approach described above (paragraph 4.6.44 et seq.), is
deterrence time (tdeter). This coefficient is the time over which the deterrence effect
lasts after the noise has disappeared (assuming that during this time the noise is
remembered by an animal). The deterrence time for all scenarios was arbitrarily set
to 2.5 hours with the intensity of the deterrence halved within each 30 minute time
step (following Nabe-Neilsen et al., 2014).

4.6.59

The deterrence parameters in the model were subsequently calibrated with data on
porpoise click frequency (as a proxy for density: Khyn et al., 2012) gathered from 12
acoustic data loggers (C-PODs) which had been established along transects
representing distance gradients from the DanTysk wind farm in the North Sea
(DEPONS SP4). Porpoise clicks were recorded at 1.5, 3, 6 and 12 km from the
closest turbine before, during and after pile-driving activity and therefore it was
possible to estimate the effect of pile driving on changes in porpoise density at
increasing distances from the source. Further data on fine-scale movement has
recently been collected under SP1 whereby movements of harbour porpoise were
recorded using GPS tags before, during and after exposure to simulated pile-driving
noise. The model will therefore be re-calibrated with these data.

4.6.60

Preliminary outputs of the model showed that, regardless of the dispersal strategy, the
effect of pile-driving did not appear to influence population size and dynamics for the
investigated pile driving scenarios. As the model had been calibrated with empirical
data on porpoise densities at the DanTysk offshore wind farm, the DEPONS model is
likely to produce realistic patterns in population change arising from pile-driving. The
model predicts that after the 2.5 hour deterrence time, animals will start to move back
into the outer parts of the disturbed area and progressively move throughout the site
(Jacob Nabe-Neilson, pers.comm.). Some animals will even remain within the least
disturbed parts of the zone where the pile driving noise is audible. This reflects the
empirical findings from DanTysk, where individuals were seen to rapidly return to the
disturbed area when there were sufficient pauses between piling events (Jacob NabeNeilsen, pers.comm.). Importantly, for a dispersal strategy where porpoises were
predicted to move towards food rich areas (either unrestricted by distance, or with a
subjectively chosen 200 km dispersal range) the model produced a stable population
over time which was unaffected by pile-driving in either the minimum or maximum
scenario.

Disturbance Effects on Harbour Porpoise in the North Sea (DEPONS)
4.6.56

4.6.57

The DEPONS model is an individual-based model (IBM) which has been developed
with the aim of understanding the population dynamics and spatial distribution of
harbour porpoise in the North Sea (van Beest et al. in prep). IBMs are based on the
assumption that the movements and life history of individuals depend on the
environmental conditions encountered in the landscape, their internal state and on
learnt behaviour from previous experiences (Grimm and Railsback, 2005). DEPONS
consists of a number of sub-projects (SPs) which aim to collect empirical data in order
to parameterise the model, thus enabling more realistic assessments of how harbour
porpoise respond to disturbances such as pile-driving over space and time. For
example, data collected from satellite tagged harbour porpoise in Inner Danish Waters
(IDW) have aided the understanding of how animals disperse and move, particularly
in response to subsea noise triggers. These data were subsequently used to calibrate
the model in order to simulate movement patterns. Work is still ongoing to collect and
analyse data (in particular there have been logistical problems with tagging animals in
the North Sea) but initial results and discussion with key scientists provide some
insight into possible disturbance effects on this species.
Due to a paucity of data on harbour porpoise movement and dispersal data in the
North Sea (as opposed to the IDW) five different dispersal strategies were tested in
the model based on differences in: dispersal distance, knowledge of where landscape
food availability is highest and levels of spatial memory. Three pile-driving scenarios
were modelled for each of the five strategies: no pile-driving; pile-driving for a
minimum 8.2 GW capacity across 21 wind farms in the south central North Sea (most
likely minimum scenario); and pile-driving for a maximum 12.4 GW capacity across 31
wind farms in the south central North Sea and over a six year period (realistic worstcase scenario). The life-history parameters and movement behaviour was based upon
data from the IDW, but the landscape was modelled as the North Sea. The model will
be updated as further data becomes available from individuals tagged in the North
Sea.
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4.6.61

Underwater noise from foundation piling and other construction activities (e.g., drilling
of piles) has the potential to cause physical injury or disturbance to marine mammals.

Discussions during the DEPONS workshop also suggested that return rates may be
driven by the availability of resources within the disturbed area, in relation to the
availability of resources in outlying areas. Harbour porpoise density is assumed to be
a good proxy for food availability and on this premise, the Hornsea Zone (within the
context of the regional marine mammal study area) can be assumed to be one of the
important food-rich areas for harbour porpoise (Dogger Bank being another example).
Thus, if food availability outside the disturbed area is good, the population is likely to
remain unaffected since displaced animals will not be limited by resources, and
conversely if food availability is poor outside the disturbed area the animals are either
likely to move back into the area more rapidly (at least if the pile driving is interrupted
by sufficient periods where porpoises are able to utilise the food in ‘remembered’
patches in the disturbed area), or start dispersing further to other foraging areas.

4.6.62

The findings described here are caveated with the fact that the results are only
preliminary and further work is required before the results can be considered more
conclusive. The model requires further updates using empirical data collected in the
North Sea, such as information on movement and dispersal of tagged individuals. In
addition, the sensitivity of the model to deterrence time and other key parameters has
not been explored at this stage, but in light of the sensitivity of the interim PCoD
model to residual time, this may be undertaken at a later stage. Further, an
understanding of how deterrence behaviour may link to food replenishment within the
disturbed areas would also be useful in building a more robust model.

4.6.63

In summary, the DEPONS model has produced some useful preliminary results that
suggest that pile-driving at up to 31 offshore wind farms in the south central North Sea
over a six year period would not lead to long-term population-level effects on harbour
porpoises, and that subsea noise disturbance from pile-driving, possibly leading to
displacement, is most likely to be a short-term occurrence with animals returning
quickly to the disturbed area. The model is still in the developmental stage and
therefore no firm conclusions can be drawn at this stage.

4.6.66

The primary source of underwater noise that may impact marine mammals during
construction is that arising from pile driving activities during foundation installation.
Other construction activities, such as drilling of piles and cable installation, also have
the potential to generate noise levels that could affect marine mammals, although to a
much lesser extent than piling noise. It was agreed with JNCC during consultation for
Project One that the modelling of piling noise was required, but for other activities
(e.g., cable installation) this was not necessary. This assumption has been carried
forward for Project Two.

4.6.67

The underwater noise modelling assessment predicted the effect ranges for each of
the defined noise thresholds, taking into account the difference in substrate to the
north (sandy) and to the south (gravelly sand). However, in terms of applying the
modelled noise contours for pile driving to the assessment of impacts on marine
mammals, the total area of ensonification is the key metric rather than the maximum
impact range, as this allows an estimate of the potential number of animals affected
within a given noise contour. Since sandy sediments are found across most of the
modelled area for Project Two, adopting acoustic parameters for sand was deemed
more representative in estimating the spatial extent of ensonification (see Annex
4.3.2: Subsea Noise Technical Report). Similarly, since gravelly sand is the
predominant substrate along the cable route corridor, this substrate was used to
provide the modelled contours to quantify the area of effect for each species for piling
at the HVAC reactive compensation substation locations (paragraph 4.6.191).

4.6.68

Two worst case scenarios have been considered in the impact assessment. The worst
case spatially considered the maximum area of ensonification, whereby two
installation vessels, separated by a maximum distance of 20 km, would pile
concurrently using hammer energies up to a maximum of 3,000 kJ. The total duration
of actual piling (i.e., not accounting for periods of non-piling whilst the piling vessel is
in the field) for the worst case spatial scenario is 7.8 months phased over up to four
phases within a maximum five year piling construction period.

4.6.69

The worst case temporally considered the maximum duration of piling based on a
scenario that resulted in the longest accumulated duration of piling. For this scenario,
the maximum hammer energy would be lower (1,700 kJ instead of 3,000 kJ), but the
duration of possible disturbance of animals within the impacted area would be longer
(i.e., up 1.32 years of actual piling over up to four phases within a maximum five year
piling construction period).

Impact Assessment
Construction phase
4.6.64

The effects of the construction of Project Two have been assessed on marine
mammals in the Project Two marine mammal study area. The environmental impacts
arising from the construction of Project Two are listed in Table 4.17 along with the
Design Envelope parameters against which each construction phase impact has been
assessed.

4.6.65

A description of the significance of effect upon marine mammal receptors caused by
each identified impact is given below.
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4.6.70

The installation programme depends on the foundation and size of turbine selected
and may either be carried out by a single vessel throughout the piling sequence or by
two vessels; which in the latter case may result in periods of concurrent piling. In each
scenario the piling would be carried out in up to four phases and the maximum
duration of the entire piling period (i.e., total time that the piling vessel could be in the
field) is five years for all scenarios considered in the project design statement.
However, for the two worst case scenarios assessed, the piling period is more likely to
be closer to four years and is likely to be shorter if two vessels are used concurrently.

4.6.71

In order to estimate the worst case scenario, piling locations were selected in order to
coincide with the area of greatest density for each species. For some species, where
noise contours extended beyond the Hornsea Zone plus 10 km buffer (the area
covered by the site-specific surveys), it was necessary to extrapolate to calculate the
densities of animals within the area not covered by the site-specific survey data
(Annex 5.4.1: Marine Mammal Technical Report). The species for which extrapolation
was required included harbour porpoise and minke whale to the north and south of the
Hornsea Zone, and all species of cetacean to the south along the cable route corridor.
A conservative approach was adopted in order to ensure that a maximum adverse
scenario, in terms of the maximum number of animals potentially affected, was
considered. Therefore, the upper (75%) quartile value, rather than the mean, was
used to provide an estimate of the density of animals present. The data along the
southern boundary of the Hornsea Zone was also used to extrapolate along the cable
route corridor. This approach to extrapolation was agreed with the SNCBs (Table 4.4)
and provides a robust and precautionary estimate of the densities across the area. To
validate this approach, comparison was made between the calculations of the total
number of harbour porpoise/minke whale affected by noise disturbance using the
extrapolated modelled surface densities with calculations of the numbers affected
based on the mean design-based density estimates for each species within the
Hornsea Zone plus 10 km buffer and multiplying this value by the area of the noise
contour (Table 4.9 and Table 4.11 present the design-based mean density values for
harbour porpoise and minke whale, respectively).
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4.6.72

For each noise contour overlaid on the modelled species density maps, the total
number of animals affected over any day (24 hours) on which piling occurred for some
or all of the time was calculated by first converting the density values to abundance
per grid cell (by multiplying the density of animals by the area of the grid cell in km2)
and then adding together all the abundance values that fell within the noise contour.
Grid cells along the edges of the noise contour were included within the total if greater
than 50% of the cell fell within the contour. Similarly, the noise contours were overlaid
on the SMRU data for grey seal and harbour seal, which gave the number of animals
per 5x5 km (25 km2) grid cell. Data were first divided by 25 in order to give the density
in animals km-2. Where the noise contours covered an area smaller than a 5x5 km grid
cell, the total number of animals within a contour was calculated by using the highest
density value (animals km-2) of any one square that fell within the contour and then
multiplying this by the area of the contour in km2.

4.6.73

Selection of the areas of highest marine mammal density in order to estimate the
maximum possible number affected is just one of the ways in which the impact
assessment has adopted a highly conservative approach. In addition to this, a number
of precautionary assumptions have been employed in the underwater noise modelling
(paragraph 4.6.37) which, together with the conservative estimation of numbers
affected, presents a maximum adverse scenario. It is expected that the actual
numbers affected will fall below this threshold as due to the layers of precaution
adopted, the threshold is likely to represent an overestimate. For example, the level of
impacts calculated for each species is based upon 100% of animals exposed up to
each noise threshold being affected to the maximum extent (i.e., 100% of individuals
exposed to the PTS threshold will develop PTS and so on). This is because it
assumes that the hearing of all animals will be affected in the same way and therefore
the onset of PTS, TTS or behavioural responses will occur at the same threshold. This
is unlikely to be the case as demonstrated by Finneran et al. (2005) in a study to
derive a suitable TTS threshold for bottlenose dolphin. A series of trials showed that
only 18% of the exposures above the derived threshold of 195 dB re 1µPa2s resulted
in measureable TTS in animals, although this is caveated by the small number of
individuals involved in the trials.

4.6.74

4.6.75

For behavioural effects, Southall et al. (2007) describes a range of responses
including changes in swimming direction, speed and dive profile, shifts in group
distribution, cessation or modification of vocalisations, cessation of feeding or
breeding behaviour, aggressive behaviour (tail slapping, fluke display, abrupt directed
movement), visible startle response, and at the upper end of the scale, displacement
and/or long term avoidance of the area. The number of animals estimated within the
zone of possible avoidance (for cetaceans) that demonstrate each behaviour will vary
both within and between species and depend on a number of factors including age,
hearing sensitivity, exposure history (e.g.. possible acclimatisation), and proximity to
the noise source. The modelled numbers presented in this chapter for the zone of
possible avoidance therefore encompass all behavioural responses (as described
above). Additional analysis has been carried out to determine the proportion of
animals within this zone that may show a displacement response within this potential
area of disturbance (see paragraphs 4.6.66 et seq.) in order to provide further context
on the precautionary nature of this assessment.

Dose-response relationship
4.6.76

Traditionally noise impact assessments have assumed that all animals within each
noise contour may be affected to the same degree for the maximum adverse
scenario. For example, assessments would have assumed that all animals exposed to
noise levels that induce behavioural avoidance will be displaced, and similarly all
animals exposed to noise levels that are modelled as inducing PTS or TTS will suffer
permanent or temporary auditory injury respectively. However, evidence from the
published literature suggests that this may lead to predictions that are overprecautionary and therefore unrealistic. For example, a study looking at the proportion
of trials at different SELs that result in TTS in exposed animals revealed that to induce
TTS in just 50% of animals it would be necessary to extrapolate well beyond the
range of measured SEL levels (Finneran et al., 2005). This suggests that for a given
species, the potential effects follow a dose-response curve such that the probability of
inducing TTS will decrease moving further away from the SEL threshold required to
induce TTS. Further work by Thompson et al. (2011) has adopted this dose-response
curve to produce a theoretical dose-response for PTS (scaled from the Finneran et al.,
2005 study on TTS) and for behavioural response for harbour seal. PTS was
predicted to increase exponentially from a SEL of 198 dB up to 250 dB; the point at
which all animals are predicted to have PTS. Similarly, behavioural response was
modelled as a dose-response based on studies of harbour porpoise at Horns Rev
(Brandt et al., 2011) which showed that as the distance from the source increases so
the proportion of animals disturbed decreases (Thompson et al., 2013a).

4.6.77

The study of harbour porpoise at Horns Rev revealed important evidence that pile
driving may not necessarily lead to 100% avoidance, as is assumed for the worst case
scenario (Brandt et al., 2011). This study showed that at closer distances (2.5 to
4.8 km) there was 100% avoidance, however, this proportion decreased significantly
moving away from the pile driving activity, such that at distances of 10.1 to 17.8 km,
avoidance occurred in 32 to 49% of the population. At 21.2 km, the abundance
reduced by just 2%. Although the parameters in this study differ from those
considered for Project Two, this is nonetheless an important finding, as it suggests
that an assumption of behavioural displacement of all individuals is over
precautionary, and that in reality not all individuals would move out of the area, as
suggested by the dose-response curve in Thompson et al. (2013a).

The precautionary nature of the underwater noise modelling and assessment was
discussed with JNCC and Natural England during consultation for Project One. JNCC
and Natural England advised SMart Wind to consider how the levels of precaution
could be reduced within the modelling and impact assessment, included modelling a
range of hammer energies to explore the effects of ramping up the hammer energy to
the maximum, investigation of a dose-response relationship to marine mammal
displacement from piling noise, and investigation of the potential effect of noise at
shallower depths where marine mammals may be located during transit.
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4.6.78

The application of the dose-response curve as a universal approach to all wind farm
assessments is problematic due to the paucity of empirical data, particularly from
species other than harbour porpoise. Therefore, empirical modelling to quantify the
effects, in terms of estimating the number of animals displaced, is not considered
appropriate in this impact assessment. The dose-response curve does, however,
provide a useful tool to understanding how conservative the predictions in this impact
assessment are by comparing the number of individuals affected, assuming that the
displacement follows a dose-response relationship, with the total numbers affected
within the zone of possible avoidance.

4.6.79

Whilst dose-response modelling was not carried out for Project Two, it was possible to
illustrate how the quantification of effects changes when a dose-response relationship
is considered. Thompson et al. (2013a) fitted a binomial relationship to the data from
the Horns Rev II study on harbour porpoise response to pile-driving (Brandt et al.,
2011) in order to plot a dose-response curve of proportional displacement with
increasing distance from the pile location (Figure 4.14 a). The assumption was made
that the same dose-response relationship illustrated in Figure 4.14 (a) would hold true
for the two key species of concern with respect to piling noise at Project Two: harbour
porpoise and minke whale. However, since the hammer energy and received noise
levels were different for Horns Rev II it was not appropriate to simply use the same
graph to predict the proportional displacement for Project Two. Instead the x-axis
(range from piling) was re-scaled using the Project Two site-specific data to show the
piling range extending out to the furthest point on the modelled possible avoidance
contour for each species (43.4 km and 51.2 km for single and concurrent piling,
respectively for harbour porpoise and 67.8 km for minke whale).

4.6.80

For harbour porpoise, the x-axis was re-scaled from zero as the data from Brandt et
al. (2011) was based on this species and the modelled relationships in Thompson et
al. (2013a) were also illustrated from zero (Figure 4.14b). For minke whale, the
approach differed as there is less certainty as to whether the dose-response
relationship would apply from zero. The noise modelling assumes two contours for
disturbance, the inner contour of likely avoidance (152 dB re. 1µPa2.s) is based on
Southall’s severity scale of six and above for multiple pulses, which suggests that
significant avoidance will occur (Southall et al., 2007). Therefore, it was assumed that
there was likely to be 100% displacement out to the contour of likely avoidance and
that the dose-response relationship would apply after this point. The x-axis for minke
whale was consequently re-scaled from the closest point of the contour for likely
avoidance (18.5 km) out to the maximum extent of possible avoidance (67.8 km)
(Figure 4.14 c).
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4.6.81

For both species, a series of five circular 5 km spaced noise bands were drawn using
GIS onto the noise-density maps (for acoustic data only). For harbour porpoise these
extended from the TTS zone (~5 km) and were spaced at distances of 10, 15, 20, 25,
and 30 km; the outer most contour being defined by the modelled noise contour for
possible avoidance (Figure 4.15). For minke whale the noise bands extended from the
zone of likely avoidance (~18.5 km) and were spaced at distances of 23, 28, 33, 38,
and 43 km; the outer most contour being defined by the modelled noise contour for
possible avoidance (Figure 4.16). Counts were made of the number of animals within
each noise band. Due to the irregular shape of the modelled noise contours there
were some instances where parts of the boundary of the first circular noise band
occurred inside the modelled noise contour (i.e., for minke whale) and other instances
where parts of the last modelled noise contour occurred outside the zone of possible
avoidance. In either case, the counts were made so that only animals that occurred
wholly within the circular noise bands were included. In this way, the following
approach was ensured: 1) that double–counting did not occur where the modelled
noise contours and circular noise bands overlapped, 2) that for minke whale if animals
occurred within the circular noise band and also fell within the range of likely
avoidance, these were counted as being 100% displaced, and 3) that the total counts
were limited by the outer modelled noise contour and no animals were included
beyond this point, even if they occurred within the last circular noise band.

4.6.82

This approach was employed for both the single piling scenario and the concurrent
piling scenario using the maximum 3,000 kJ hammer energy. As discussed
previously, this is not an empirical approach for estimating the number of animals
affected (and differs from Thompson et al., 2013a in that respect) and is intended for
illustrative purposes only to demonstrate the level of precaution employed in this
assessment.

Figure 4.14

Predicted dose-response relationship (best fit and upper and lower confidence limits) for proportional displacement of harbour porpoise with increasing distance from
pile-driving activity based on the study at Horns Rev II (reproduced from Thompson et al., 2013a) (a). Based on the site-specific noise modelling the x-axis was re-scaled
for harbour porpoise from 0 to 43.04 km for single piling (b). For minke whale the x-axis was scaled from the zone of likely avoidance and extended from 18.5 to 67.8 km
(c).
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Figure 4.15

Circular 5 km behavioural ranges overlaid on harbour porpoise density data (animals km-2) derived from the acoustic boat-based data.
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Figure 4.16

Circular 5 km behavioural ranges overlaid on minke whale density data (animals km-2) derived from the site-specific survey data.
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2008), which showed that marine mammals were unlikely to be disturbed by drilling
noise unless they are in close proximity (<200 m) of the drilling operations (Nedwell
and Brooker, 2008). Due to the much lower source sound pressure levels associated
with drilling compared to piling (and therefore smaller area of effect), the maximum
adverse scenario considers piling as having the potential to produce the largest area
of ensonification and longest duration of effect.

Assessment of a range of hammer energies
4.6.83

The maximum hammer energy of 3,000 kJ would only be required for a proportion of
the piling duration, but could be required at any location within Subzone 2. For this
reason, the noise modelling study modelled a range of hammer energies that may be
used during pile driving at each turbine location from 600 kJ up to the 3,000 kJ
(paragraph 4.6.29 et seq.).

4.6.84

Variation across Subzone 2 in terms of sediment properties will influence the hammer
blow energy that would be required to reach target depth. For some locations the
maximum hammer energy would be used for only a proportion of the piling duration
and may not be reached at all (Volume 1, Chapter 3: Project Description). Experience
from previous wind farm constructions shows that the maximum hammer energy may
not be achieved during a piling sequence and the maximum applied hammer blow
energy only realised for short durations if at all (Robinson et al., 2009a; Robinson et
al., 2009b; Theobald et al., 2010; Bailey et al., 2010). Previously reported piling
sequences also show that piling is not continuous, often containing a number of gaps
in the sequence that may last several minutes (e.g., Nedwell et al., 2007a; Nedwell et
al., 2010; Robinson et al., 2009a; Robinson et al., 2009b; Theobald et al., 2010;
Bailey et al., 2010).

4.6.85

The pile driveability study showed that a range of hammer energies may be required
across the site depending on the foundation selected and diameter of the pile
therefore the maximum hammer energy of 3,000 kJ would not be required across all
installation scenarios. For locations where the installation could not be completed with
the maximum hammer energy for a given scenario, relief drilling would be used, the
duration of which would depend on sediment properties at the location. Following
drilling, it is anticipated that there would be a further short duration of pile driving of up
to 2.5 hours to target depth.

4.6.86

In terms of assessing the impacts, the focus is on piling only as noise impacts from
drilling are considerably less, with potential effects for the latter predicted to be of
similar magnitude to vessel noise (Nedwell and Brooker, 2008; Nedwell et al., 2003).
Drilling produces low frequency sounds, with source sound pressure levels for
conventional drilling platforms reported as only 115 - 117 dB re 1 μPa at 405 and
125 m, respectively (10 Hz - 10 kHz) (McCauley, 1998). Drilling from drill ships
produces the highest noise levels with a maximum broadband source level up to
190 dB re 1 μPa rms at 1 m (10 Hz - 10 kHz). This is due to contributing factors
associated with vessel noise as drilling sound levels are transmitted very efficiently
through the hull, and thrusters are used to remain on location, resulting in a mixture of
propeller and drilling noise (Richardson et al., 1995). While sound exposure levels
from drilling operations are thought to be below that expected to cause injury to a
marine mammal, they may have the potential to cause behavioural impacts (OSPAR,
2009). The potential for drilling noise to lead to avoidance in marine species has been
investigated at Strangford Lough using the dBht approach (Nedwell and Brooker,

Received levels at shallower depths
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4.6.87

The subsea noise model is very precautionary in that it does not account for any time
that a receptor may spend at the surface, or the reduced SEL near the surface where
the animal would not be exposed to such levels (refer to paragraph 4.6.76), and also
does not account for any temporal hearing recovery. As such, the exposure predicted
in the model is likely to be an overestimate of the exposure that a receptor might be
subjected to. Modelling has therefore assumed that marine mammals will travel in the
mid-water column where sound pressure levels are greatest. However, in reality
animals would not be subjected to these high sound pressure levels at all times since
they are likely to move up and down through the water column, and surface to
breathe, where the sound pressure would drop to zero.

4.6.88

Westgate et al. (1995) showed that between 30 and 60% of the time harbour porpoise
are most likely to move in the upper 2 m of the water column and the sound pressure
here is considerably lower than in the mid-water column. Similarly a study by
Teilmann et al. (2007) on diving behaviour of harbour porpoise in Danish waters
suggests that animals spent 55% of their time in the upper 2 m of the water column
from April to August and over the whole year they spent 68% of their time in less than
5 m depth. The recording period would have included periods when the animals
remained predominantly near the surface (e.g., surfacing to breath, transiting, resting,
social behaviour), as well on longer and deeper dives (e.g., foraging dives for
demersal prey). The ventilation patterns of animals undertaking direct travel are
characterised by short submergence periods, compared to feeding animals (Watson
and Gaskin, 1983). These short duration dives with horizontal travel suggest that
travelling animals, including porpoises moving away from pile driving noise, would
swim in the upper part of the water column.

4.6.89

Teilmann et al. (2007) showed that as temperature drops in October and November
so the average dive frequency increases reflecting increased foraging activity as
energy requirements increase to compensate for the decrease in temperature. The
study also looked at the difference in diving behaviour between mothers and calves;
females spent more time diving than the calf which, given its lower breath-holding
capacity, would undertake more frequent but shorter dives (Teilmann et al., 2007).

4.6.90

Studies of the behaviour of pinnipeds and time spent at the surface have estimated
that they can spend up to around 15% of their time on the surface during foraging
(Stewart, 2009), and that they increase the time they spend with the upper part of their
heads above water when exposed to intense sound (Kastelein et al., 2011).

4.6.91

The implication of this evidence for the impact assessment is that animals will not be
exposed to the highest sound pressure levels at all times. At a given distance from the
noise source the received sound will be lower if animals are swimming at shallower
depths compared to the worst case assessment of swimming at mid-water at all times.
This is particularly relevant if animals are disturbed by noise and are responding by
moving away; in this instance they are more likely to swim at the shallower depths
associated with transiting behaviour.

4.6.92

Noise modelling was therefore carried out for each of the selected hammer energies
at both mid-water and at 2 m depth for likely and possible avoidance for all marine
mammal species (Figure 4.17). A qualitative comparison was then made by
comparing spatially the areas of effect at each depth across the different hammer
energies.

4.6.95

As it is assumed that during the soft-start, animals beyond 500 m are likely to flee the
area, it is therefore more appropriate to consider the potential for PTS arising from
cumulative exposure to noise (i.e., cumulative SEL, paragraph 4.6.34 et seq.). The
calculated SEL dose for the piling sequence shown in Table 4.23 is shown in Figure
4.18, which shows that the SEL dose increases more rapidly at close range, and less
rapidly at greater ranges from the pile where the received levels are lower (due to
increased distance between the animal and the pile). Whilst it is not possible, (due to
knowledge gaps in hearing recovery, equal energy assumptions for impulsive sounds
and animal behaviour when fleeing a loud sound (i.e., where in the water column they
swim and how often they break surface)), to accurately assess the actual range at
which an animal might exhibit a PTS effect, it is clear that increased sound exposure
as a result of prolonged exposure does increase the risk of a receptor suffering some
level of hearing damage. However, the modelling shows that effective mitigation zone
around the piling vessel reduces this risk, since increasing the distance at which the
animal is from the pile when it starts to swim away at the onset of piling decreases the
risk of it suffering auditory injury. Therefore, with a soft-start procedure and
implementation of a MMMP with a standard 500 m mitigation zone, the risk of auditory
injury is negligible.

4.6.96

It was predicted that the fleeing response in harbour porpoise (TTS) could occur out to
maximum distances of up to 3 to 5 km, for 1,700 kJ (temporal maximum adverse
scenario), 4 to 6 km for 2,300 kJ (spatial maximum adverse scenario for substations
and platforms), and 5 to 7 km for 3,000 kJ (spatial maximum adverse scenario for
turbines) (Table 4.25). Possible avoidance could occur over a larger area, with
modelled results showing distances up to 29 to 62 km for 3,000 kJ (maximum), (Table
4.25). The range in effects reflects both the noise propagation over two different
substrates (sandy substrate to the north of Subzone 2 and gravelly sand to the south),
where the latter result in larger propagation ranges, and the differences in bathymetry
in different directions from the piling location (e.g., effects of up-sloping and downsloping bathymetry profiles). Down-sloping seabed north of the Hornsea Zone
supported propagation with less overall loss into the seabed as the sound wave
travels through the water column and therefore resulted in the longest propagation
ranges (Annex 4.3.2: Subsea Noise Technical Report).

Harbour porpoise
Magnitude of impact
4.6.93

The potential impact ranges and area of potential ensonification for all hammer
energies modelled are presented in Table 4.25. The modelled impact ranges for
harbour porpoise suggest that for the largest hammer energy (3,000 kJ),
instantaneous PTS could occur up to <1 km from the piling location (Table 4.25).
Modelled impact ranges for lower hammer energies of 1,800 kJ or less for which
harbour porpoise could experience instantaneous auditory injury would be out to a
distance of <500 m (Table 4.25).

4.6.94

Assuming harbour porpoise respond to the onset of pile driving by swimming away
from the noise source, the potential for the onset of auditory injury would be expected
to be mitigated by the soft-start. As part of the project-design mitigation, a 30 minute
soft-start will be employed, therefore an animal swimming away at 0.5 ms-1,
(considered as slow, cruising swim speeds for harbour porpoise (Otani et al., (2000);
Akamatsu et al., (2007)), would cover a distance of 900 m. This movement away from
the source, combined with a 500 m mitigation zone during the pre-piling watch (JNCC,
2010), would allow an animal to be beyond the range where instantaneous injury
might be expected when the hammer reaches maximum energy(even from the largest
hammer energy of 3,000 kJ).
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Table 4.25

Summary of harbour porpoise minimum and maximum impact range
estimates for pile driving at a single location during construction at Project
Two. Ranges are based on transects modelled over sandy substrate to the
north of Subzone 2 and gravelly substrate to the south.
Potential impact range for harbour porpoise (mid-water column)2

Impact Criterion

600
kJ 4

1,200
kJ 4

1,700
kJ 3

1,800
kJ 4

2,300
kJ 3

2,400
kJ 4

3,000
kJ 3,4

Instantaneous
injury/PTS
(pulse SEL 179 dB re
1 μPa2·s)1

<500
m

<500 m

<500 m

<500
m

<1 km

<1 km

<1 km

Fleeing response
(pulse SEL 164 dB re
1 μPa2·s) 1

~1.5 to
3.0 km

~2.5 to
4 km

~3.0 to
5 km

~4 to 5
km

~4 to 6
km

~5 to 6
km

~5 to 7
km

Possible avoidance of
area
(pulse SEL 145 dB re
1 μPa2·s) 1

~18 to
30 km

~23 to
40 km

~25 to
50 km

~25 to
51 km

~28 to
57 km

~28 to
59 km

~29 to
62 km

1

Lucke et al. (2009).

2

<500 m impact range mitigated by mitigation zone; <1 km mitigated by soft-start.

3

Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (3,000 kJ for turbines and 2,300 kJ for substations and
platforms).
4

Hammer energies representing the maximum piling profile for the spatial maximum adverse
scenario ramping up from soft-start to maximum hammer energy, (i.e., 600 kJ (20%), 1,200 kJ
(40%), 1,800 kJ (60%), 2,400 kJ (80%) and 3,000 kJ (100%)).
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Figure 4.17

Comparison of noise contours based on noise propagation at 2 m depth (dashed line) compared to mid-water column (solid line) for a 3,000 kJ hammer energy overlaid on
harbour porpoise acoustic density data.
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4.6.97

As stated in paragraph 4.6.27, given that much of the area constitutes a sand
sediment type, the modelling results for sandy sediments were used in the impact
assessment as these provide a better representative of the total surface area likely to
be impacted around the modelled sound source within Subzone 2. The noise contour
maps for concurrent (two vessel) piling show that the impact area for TTS/fleeing was
localised within the Project Two marine mammal study area, whilst for behavioural
response the noise contours extended beyond the Project Two marine mammal study
area (Figure 4.19 (visual data) and Figure 4.20 (acoustic data)). Noise contour maps
are shown for four of the hammer energies modelled which present a representative
illustration of the increasing spatial area of ensonification with increasing hammer
energy. Maps representing the spatial extent for a single piling event were also
produced in order to calculate the numbers of animals affected (Table 4.26), however
it should be noted that concurrent piling represents the maximum adverse scenario in
terms of spatial extent of effect.

4.6.98

The impact of increased noise levels during piling will affect the receptor directly. The
effect is predicted to be of local to regional spatial extent, (with potential for
population-level effects over a wider area). The total duration of actual piling is up to
1.32 years (based on the temporal maximum adverse scenario). Since piling will be
phased over a maximum five year period for any of the scenarios the effects are
predicted to be intermittent, with the potential for recovery between piling events.
Based on scientific evidence from published studies, it is predicted that the effects will
be reversible in the long term. The magnitude is therefore considered to be medium.

Figure 4.18
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Required start range (m) for the marine mammal functional hearing groups
(Southall et al., 2007) from the pile when piling starts, such that the animal
is not over exposed and does not suffer an onset of auditory injury (PTSonset). The modelled results are for sand sediment for a down-sloping
easterly transect (top), and an up-sloping southerly transect (bottom), both
radiating from pile location ID5.

Figure 4.19 Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on harbour porpoise density data (animals km-2) derived from the visual boat-based data. The concurrent piling locations were chosen as those closest to
the area of greatest harbour porpoise density.
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Figure 4.20 Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on harbour porpoise density data (animals km-2) derived from the acoustic boat-based data. The concurrent piling locations were chosen as those
overlying the area of greatest harbour porpoise density.
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Sensitivity of receptor
4.6.99

The sensitivity of harbour porpoise was considered in relation to the potential for
auditory injury and for behavioural disturbance. This section describes the potential
effects of these noise thresholds on harbour porpoise based on the magnitude of
effects described above.

4.6.100 Temporarily reduced hearing in an animal caused by TTS may affect its foraging
ability, interfere with its communication, reduce its ability to detect predators, and
impede orientation. However, the ecological significance of TTS in an animal
depends on the magnitude of the TTS, the duration of the TTS (depending on the
duration of the fatiguing noise), the duration of the recovery after the fatiguing noise
stopped, and the ecological importance of the affected frequency (Kastelein et al.,
2013). Studies of TTS in marine mammals suggest that the hearing frequencies most
affected by sound exposures (in relation to the frequency of the fatiguing sound) are
species-specific (Kastelein et al., 2012a).
4.6.101 Marine mammals, and odontocetes in particular (due to their echolocation ability),
rely mainly on their high frequency hearing for orientation and foraging. Therefore,
these high frequencies are likely to be more ecologically important to them than low
frequencies. Kastelein et al. (2012a) exposed a harbour porpoise to a 1.5 kHz
continuous tone at a mean received sound pressure level (SPL) of 136 dB re 1 lPa,
and found that the animal’s hearing around 125 kHz was not influenced (i.e., no TTS
likely to affect echolocation ability occurred). This was expected, as frequencies
between 1 and 2 kHz, and echolocation signals (of approximately 125 kHz), are
processed in different parts of the ear (Kastelein et al., 2013). Hearing thresholds of
harbour porpoise for the frequencies of their echolocation signals are not affected by
intense low frequency sounds, and these sounds are unlikely to affect echolocation
ability, and therefore foraging efficiency (Kastelein et al., 2013). Following on from
this, TTS resulting from sound sources such as piling, where most of the energy
occurs at lower frequencies, is unlikely to negatively affect the ability of harbour
porpoise for echolocation (foraging and navigation).
4.6.102 Very little is known about the ecological importance of harbour porpoise hearing for
frequencies below approximately 100 kHz, however such hearing is likely to be used
to detect potential predators, (e.g., killer whale (Orcinus orca), and competing species
such as bottlenose dolphin (MacLeod et al., 2007). Low frequency hearing may also
be of importance to porpoises in avoiding engine-driven vessels.

4.6.103 Behavioural response varies within a species depending on factors such as hearing
sensitivity of the individual, age, previous exposure history etc. The criteria for the
threshold of possible avoidance is based on the Southall et al. (2007) severity
response score of 5 and 6 which suggests that behavioural reactions within this zone
vary from changes in swim speed and direction to cessation of vocalisations and
reproductive behaviour. This suggests that whilst there may indeed be a behavioural
effect, this is not necessarily demonstrated by 100% displacement from the area. The
precautionary nature of this impact assessment has therefore been illustrated by
considering a more ‘realistic’ behavioural response which assumes that animals
respond proportionally following a dose-response relationship.
4.6.104 In order to demonstrate the effect of increasing hammer energy, such as during the
ramping up process, harbour porpoise numbers affected were calculated based on
the soft-start piling profile for the maximum, 3,000 kJ, hammer energy scenario.
These are presented and discussed in paragraph 4.6.103.
4.6.105 The assessment provides additional context by illustrating how the potential effects
are reduced when animals are travelling at shallower water depths. How harbour
porpoise are potentially affected when travelling at less than 2 m depth is discussed
in paragraph 4.6.104.
4.6.106 The thresholds for TTS and possible avoidance (i.e., behavioural disturbance) were
used as criteria to determine the number of harbour porpoise potentially affected by
the different scenarios considered in this impact assessment. The number of harbour
porpoise individuals predicted to be potentially affected by the onset of TTS (fleeing
behaviour) and those that may show a behavioural response was calculated for four
of the hammer energies modelled, (1,200 kJ (representing the first modelled hammer
energy following the soft-start), 1,700 kJ (temporal maximum adverse scenario),
2,300 kJ (spatial maximum adverse scenario for substations/platforms) and the
maximum of 3,000 kJ (spatial maximum adverse scenario for turbines), for a single
piling event and concurrent (two vessel) piling event (see Table 4.26). The
calculations were carried out for both the visual and acoustic datasets and were used
to determine the percentage of the estimated North Sea MU reference population
(227,298 total individuals) that could be affected during construction piling.

4-81

4.6.107 For the spatial maximum adverse scenario, the number of harbour porpoise affected
was considered for a concurrent piling scenario. Table 4.26 shows that the maximum
number of animals potentially affected by TTS is 350 (visual data) and 373 (acoustic
data), which represents 0.15 and 0.16% of the North Sea MU population respectively.
Behavioural disturbance during concurrent piling could affect 9,323 (visual data) or
11,451 (acoustic data) animals, representing 4.1 and 5.0% of the North Sea MU
population respectively. Of those animals disturbed, just over 50% are likely to be
displaced from the area, assuming that the dose-response relationship holds true.
The estimate, based on the acoustic data (as the largest value), suggests that
displacement of up to 6,570 animals could occur for the worst case spatial scenario,
representing 2.9% of the North Sea MU reference population (Table 4.27).
4.6.108 The dose-response analysis, which was undertaken for the maximum hammer
energy only, shows an exponential decrease in the proportion of animals displaced
with increasing distance from the pile driving activity. It should also be emphasised
that the numbers presented in Table 4.27 are based on an assumed dose-response
relationship and are presented only to provide a context to understand that not all
animals within the zone of possible avoidance will be displaced.
4.6.109 Whilst it may be over-precautionary to suggest that all animals disturbed will be
displaced, it is recognised that other behavioural changes, such as erratic swimming
behaviour, cessation of vocalisations, deep diving etc., may also have some fitness
consequences for individuals, although some scientific opinions are that these are
likely relatively weak in comparison to the effects of displacement on vital rates
(Thompson et al. 2013).
4.6.110 The numbers potentially affected by the temporal maximum adverse scenario, with a
maximum hammer energy of 1,700 kJ were lower compared to the spatial maximum
adverse scenario, but for the temporal worst case, disturbance potentially occurring
over a longer period. It is likely that this scenario would be constructed with a single
piling vessel and therefore the numbers affected during piling on any one day would
be up to 135 (0.06% of the reference population) for the TTS-onset criteria and up to
5,576 (2.45% of the reference population) for the possible avoidance criteria. If two
vessels were to be used during this installation programme, and assuming the
vessels piled concurrently, the numbers affected would be greater and are presented
in Table 4.26.

4.6.111 The data presented in Table 4.26 and Table 4.27 are considered conservative as
they are based on the noise-density maps that coincide with the areas of greatest
harbour porpoise density. If these numbers were compared with estimates of the
number of porpoise affected using the most recent modelled density estimate for
SCANS Block U they would again be shown to be precautionary. For example, based
on the SCANS density estimate of 0.598 animals km-2 (Table 4.6), the predicted
number of porpoise affected by TTS-onset for the maximum hammer energy is 49.6
individuals (0.022% of the reference population) compared to 224 animals (0.10%)
for a single piling event using site-specific visual data. Similarly, at the maximum
hammer energy the number predicted to be disturbed based on the SCANS density
estimate is 1,871 individuals (0.82% of the reference population) compared with
6,694 animals (2.95%) using the site-specific visual data. This again suggests the
possible variability in the level of effect depending on the density data source used,
with the maximum estimate of potential disturbance based on the Project Two sitespecific density data.
4.6.112 The effects of different assumptions on the quantification of predicted numbers of
harbour porpoise disturbed under the worst case temporal and spatial scenarios have
been illustrated using tree diagrams (see Figure 4.21 and Figure 4.22). Predicted
numbers are compared using the different site specific datasets for harbour porpoise
(visual and acoustic) and using the non-site specific regional dataset for SCANS
Block U. Predicted numbers disturbed are also compared using the dose-response
approach versus including all animals within the zone of possible avoidance as being
disturbed. The numbers used as the basis for the impact assessment have been
highlighted in turquoise and clearly demonstrate the precautionary nature of this
assessment.
4.6.113 Further, it should be noted that the numbers presented in these tree diagrams are
subject to further layers of precaution discussed later in this section (paragraph
4.6.103 et seq.). For example, the quantification is based on the maximum hammer
energy at a given location (i.e., does not account for lower hammer energies over the
duration of the pile sequence). In addition, the quantification is based on the
assumption that at all times animals will be subjected to the maximum pressure levels
at mid-water column and that there is no pressure release at the surface or lower
pressure levels in the upper water column (paragraph 4.6.105 et seq.).
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Table 4.26

Summary of number of harbour porpoise individuals potentially affected by piling noise on any one day based on a single piling scenario or a concurrent piling scenario
(with a vessel separation distance of 20 km) at different hammer energies. Numbers affected were compared to the North Sea Management Unit (MU) reference
population of 227,298 (IAMMWG, 2013).
1,200 kJ

Impact criterion

1,700 kJ

2,300 kJ

3,000 kJ

Number of
affected
animals

% Reference
population

Number of
affected
animals

% Reference
population

Number of
affected
animals

% Reference
population

Number of
affected
animals

% Reference
population

77

0.03

118

0.05

164

0.07

224

0.10

4,100

1.80

4,943

2.17

5,754

2.53

6,694

2.95

89

0.04

135

0.06

188

0.08

256

0.11

4,538

2.00

5,576

2.45

6,632

2.92

7,855

3.46

118

0.05

181

0.08

260

0.11

350

0.15

5,839

2.57

7,013

3.09

8,222

3.62

9,323

4.10

127

0.06

194

0.09

276

0.12

373

0.16

6,673

2.94

8,266

3.64

9,948

4.38

11,451

5.04

Single Piling Scenario
Visual
TTS/fleeing 164 SEL
Possible Avoidance 145 SEL
Acoustic
TTS/fleeing 164 SEL
Possible Avoidance 145 SEL
Concurrent Piling Scenario
Visual
TTS/fleeing 164 SEL
Possible Avoidance 145 SEL
Acoustic
TTS/fleeing 164 SEL
Possible Avoidance 145 SEL
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Table 4.27

Estimated number of harbour porpoise within each 5 km spaced concentric noise band in the zone of possible avoidance where disturbance leads to displacement
assuming that proportional displacement follows the dose-response relationship shown in Thompson et al. (2013a) (which uses empirical data from Brandt et al. 2011).
Numbers are based on the acoustic dataset (as the more precautionary) and compared to the percentage of the North Sea MU reference population affected (in italics).
Dose response within 5 km contours
Total
TTS (<5 km)

5-10 km

10-15 km

15-20 km

20-25 km

25-30 km

>30 km

Single piling (3,000 kJ)
Total number of
individuals within 5 km
spaced contour

256
0.11

718
0.32

1,114
0.49

1,445
0.64

1,815
0.80

1,582
0.70

925
0.41

Proportional
displacement (Brandt et
al., 2011)

1.0

0.943

0.846

0.644

0.376

0.166

0.063

Predicted number of
individuals displaced

256
0.11

677
0.30

942
0.41

931
0.41

682
0.30

263
0.12

58
0.03

3,809
1.68

11,451
5.04

7,855
3.46

Concurrent piling (3,000 kJ)
Total number of
individuals within 5 km
spaced contour

373
0.16

1,348
0.59

1,588
0.70

1,781
0.78

2,220
0.98

2,124
0.93

2,017
0.89

Proportional
displacement (Brandt et
al., 2011)

1.0

0.952

0.885

0.750

0.539

0.315

0.152

Predicted number of
individuals displaced

373
0.16

1,283
0.56

1,405
0.62

1,336
0.59

1,197
0.53

669
0.29

307
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0.13

6,570
2.89

4.6.114 The maximum adverse scenario for both spatial and temporal extent assumes that
the number of animals disturbed over the entire duration of the piling activity at each
location equates to the maximum estimate of animals within the zone of possible
avoidance. A more realistic assessment would consider how hammer energy ramps
up over time (Table 4.23) and the proportion of time that the hammer is at each
hammer energy (however, this is beyond the scope of the current assessment). As
the maximum hammer energy would only be employed for a proportion of the piling
duration, the number of animals potentially affected by TTS/fleeing or behavioural
disturbance over the course of the piling activity, would be less than that predicted
using the maximum hammer energy for the entire piling period (as this assessment
currently assumes). This is illustrated in Figure 4.23 which shows the spatial increase
in area affected for each noise threshold as hammer energy ramps up from 1,200 kJ
to 3,000 kJ. Furthermore, this piling profile is based on a conservative estimate of
maximum duration for each hammer energy employed. Experience from previous
wind farm constructions shows that the maximum applied hammer energy is only
realised for short durations if at all during a piling sequence (paragraph 4.6.73).

Figure 4.21

Tree diagram illustrating predicted numbers under worst case temporal
scenario (numbers used as the basis for the impact assessment
highlighted in turquoise).

4.6.115 This can be illustrated by considering the duration over which the hammer energy
increases by increments of 20% from the 30 minute soft-start at 600 kJ up to 100% of
the maximum hammer energy (i.e., 3,000 kJ), (Table 4.28). Based on the acoustic
dataset and a single piling scenario, following the soft-start of 30 minutes the hammer
energy increases to 1,200 kJ for a further 30 minutes, where up to 89 animals would
be affected by TTS/fleeing and up to 4,538 animals would be affected by disturbance.
The hammer energy would then ramp up to 1,800 kJ for the next 15 minutes and
consequently the number of animals affected by TTS-onset would increase to
143 and the number of animals affected by disturbance would be 5,728. This would
continue to increase up to a maximum of 256 animals affected by TTS-onset and
7,855 animals affected by disturbance once the maximum hammer energy is reached
(Table 4.28).
4.6.116 If we consider a scenario based on animals swimming at 2 m water depth compared
to the mid-water column, it is clear that there is an effect on underwater noise
propagation with depth. Due to the pressure release effect of the surface, the noise
levels towards the water surface will always be much lower than deeper down around
the mid-water column (Annex 4.3.2: Subsea Noise Technical Report). The results of
the noise modelling showed that the noise level close to the sea surface is tens of
decibels (dB) lower compared to the mid-water noise levels at relatively short
distances from the pile (Figure 4.52 and Figure 4.53 in Annex 4.3.2: Subsea Noise
Technical Report). This would result in a reduced exposure of any animal travelling at
the surface which would likely reduce the area of avoidance from the pile. It would
also result in a substantially reduced SEL dose for any animals which might swim
away, from the sound source at shallow depth (i.e., near the surface).

Figure 4.22

Tree diagram illustrating predicted numbers under worst case spatial
scenario (numbers used as the basis for the impact assessment
highlighted in turquoise).
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Table 4.28

Number of harbour porpoise and proportion of the reference population (in
parenthesis) potentially affected as hammer energy ramps up over time for
a 3,000 kJ maximum hammer energy (based on acoustic data).

Hammer energy (kJ)

Maximum duration
(minutes)

TTS/ fleeing

Behavioural
disturbance

600

30

Represents the soft-start and not included in
the analysis

1,200

30

89 (0.04)

4,538 (2.00)

1,800

15

143 (0.06)

5,728 (2.52)

2,400

60

197 (0.09)

6,820 (3.00)

3,000

405

256 (0.11)

7,855 (3.46)

4.6.117 Harbour porpoise spend a large proportion of time in the upper 2 m of the water
column (Westgate et al. 1995; Teilmann et al., 2007) and therefore during this time
the received noise levels will be lower than when they dive deeper where sound
pressure levels will be greater. Figure 4.17 illustrates the difference between these
two water depths for the maximum hammer energy (3,000 kJ). Assuming harbour
porpoise are in the upper 2 m of the water column, the possible avoidance noise
contour encompasses a total area of 1,674 km2, whereas assuming that animals are
mid-water column the possible avoidance contour covers 4,229 km2. This is 40% of
the area of impact considered within the impact assessment and demonstrates the
conservative nature of the assessment in that the spatial area of ensonification at the
noise threshold for TTS-onset and for possible avoidance is considerably less at 2 m
compared with the mid-water column. However, it is not considered appropriate to
quantify the differences in terms of numbers affected since animals are expected to
move up and down the water column and therefore the same animal may experience
noise levels at both 2 m and mid-water column. In other words, there are no fewer
animals expected to experience sound pressure levels at mid-water column, only the
amount of time at which they receive these higher pressure levels may be on average
30-60% lower, (paragraph 4.6.77 et seq.), than expected for the maximum hammer
energy considered here.
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Figure 4.23

Noise contours for TTS/fleeing and possible avoidance in harbour porpoise as hammer energy ramps up from 600 kJ to 3,000 kJ overlaid on harbour porpoise density
data (animals km-2) derived from the acoustic data.
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4.6.118 This assessment has considered the effects from two worst case scenarios, and from
either single or concurrent piling during the construction piling period. The scenario of
using two piling vessels operating concurrently may preferable, since the duration of
the piling period would be halved, (although this would need to be balanced with the
fact that more animals may be disturbed over a day of piling). The duration of
disturbance may be particularly important for marine mammals with shorter life
spans, such as harbour porpoise, which live an average of 12 years in the wild
(Lockyer, 2003). Although the effect of behavioural disturbance on breeding is
unknown, harbour porpoise benefit from certain traits that are characteristic of ‘rselected’ species, in that they have a relative high fecundity, such that following
breeding failure they are able to reproduce fairly quickly compared to ‘k-selected’
species which have lower birth rates and slow development. In addition, given the
wide ranging nature of harbour porpoise, their ability to exploit a wide range of prey
species and the extent of available habitat elsewhere in the southern North Sea, it is
likely that reduced fecundity would not occur in all individuals displaced from the
disturbed area during pile driving. Whether or not there could be a seasonal effect of
piling on fecundity is difficult to determine. Harbour porpoise mate during June to
August with a strong seasonal peak in birth rate during June to July around the British
Isles (Boyd et al., 1999). Gestation occurs over a period of 10 to 11 months and
following birth, calves stay with their mothers during a lactation period of
approximately eight months. Therefore, pregnant or nursing females and calves are
potentially sensitive throughout the year.
4.6.119 The potential for short to medium term responses to pile driving and longer term
population effects were initially investigated through a literature review of previous
studies of offshore wind farms, during construction and immediately post
construction.
4.6.120 A study of the short term response of harbour porpoise (and other cetaceans) to
installation of the two Beatrice demonstrator turbines showed that during installation
of the first turbine, harbour porpoise occurred regularly around the study area and
continued to use this area during the piling period (Thompson et al., 2010a).
However, a disturbance response was considered likely since the number of hours in
which they were detected were lower during piling compared to before and after.
Notably, the median hours per day that harbour porpoise were detected increased in
the period immediately following piling activity (within a week) for both turbine
installations, suggesting that porpoise will return to a disturbed area fairly quickly after
possible avoidance.

4.6.121 There is also evidence from the Dutch offshore wind farm, Egmond aan Zee, that
harbour porpoise may return to the wind farm area immediately (within 24 hours)
following pile-driving during the construction phase, with numbers over a period of
one year measured as greater than baseline levels (Scheidat et al., 2011). The
reason for this was unclear, but it was hypothesised that the increase may have been
due to increased food availability within the operating wind farm due to the ‘reef’
effect of the foundations, and/or the absence of vessels in an otherwise heavily
trafficked part of the North Sea.
4.6.122 The possible waiting times, defined as the period between two successive
echolocation recordings, was investigated for construction of the one turbine (out of
72) where pile driving was required at the Nysted wind farm in the Baltic North Sea
(Carstensen et al., 2006). The monitoring programme used a before, after, control,
impact (BACI) design, to compare waiting times of porpoise response to installation
of turbines. This study showed that the mean waiting time increased from six hours
during the baseline period to three days during construction and that the increase
was six times greater than the control area. In addition, during pile driving the waiting
times also increased in the reference area, located >15 km from the source,
suggesting that behavioural responses may extend over a wide range. This was
demonstrated at Horns Rev offshore wind farm in Denmark where the zone of
responsiveness was shown to extend up to 21 km from the source (Tougaard et al.,
2009).
4.6.123 Brandt et al. (2011) used a gradient sampling design to look at behavioural
displacement in harbour porpoise at increasing distances from a single piling activity
using a 900 kJ hammer energy at the Horns Rev II offshore wind farm. The study
found that recovery time decreased with increasing distance from the piling activity.
At distances of 2.5 to 4.8 km, the abundance, (measured as porpoise positive
minutes, i.e., the proportion of minutes recorded within a day during which one
porpoise click train or more could be detected), returned to baseline levels after 17 to
24 hours following cessation of piling; at distances of 10.1 to 17.8 km the abundance
returned to baseline after 9 to 10 hours; and at 21.2 km there was no longer a
negative effect of pile driving on porpoise activity, where instead activity was higher
than the overall average for approximately 30 hours after piling. This study found that
pile driving did not lead to 100% avoidance throughout the study area, and that as the
distance from the source increased so the proportion of the population affected
decreased (Brandt et al., 2011). This finding supports the proportional displacement
discussion presented for the Project Two assessment (see paragraph 4.6.204 et
seq.), which suggest that there may be a graded response of harbour porpoise to
piling with the proportion of animals displaced decreasing with increasing distance
from the source. With this in mind it is likely a proportion of the animals within the
zone of possible avoidance will not be displaced from the disturbed area.
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4.6.124 More recently the effects of pile driving on harbour porpoise at the first offshore wind
farm in Germany, ‘alpha ventus’, reported reduced numbers of harbour porpoises
within 20 km of the pile driving source, based on visual aerial surveys. In addition,
static acoustic monitoring showed reduced echolocation detection at distances of up
to 11 km, and increased detection rates at 25 and 50 km from the source; the latter
suggesting that porpoises were displaced up to these distances. This study also
found that the first ‘waiting time’ (i.e., interval between porpoise detections of at least
10 minutes), after piling commenced, increased with longer piling durations (Dähne et
al., 2013).
4.6.125 Many of the studies at offshore wind farms focus on the short term effects of the
immediate response to piling, however, the study at Nysted extended over an 11 year
period between 2001 and 2012. In contrast to the short term effects of rapid recovery
shown at other wind farms, monitoring at Nysted showed that recovery of harbour
porpoise to baseline population levels following the construction phase was slow
(Teilmann and Carstensen, 2012). However, this is not directly comparable to studies
of harbour porpoise at other offshore wind farms, such as Horns Rev I (80
monopiles), Horns Rev II (91 monopiles) and Egmond aan Zee (36 monopiles), since
the foundations for 71 of the 72 turbines at Nysted were gravity bases and therefore
whilst the noise levels may have been much lower compared to piling, the duration of
installation of the foundations was much longer at Nysted (Teilmann and Carstensen,
2012). In addition, the densities of porpoise were eight times lower at Nysted prior to
construction compared with the densities around Horns Reef and therefore, even
though comparatively fewer animals were affected on any one day, over the duration
of the construction phase, a higher proportion of the population was affected at
Nysted leading to a significant effect in terms of a proportional decrease in porpoise
activity.
4.6.126 Whilst these studies suggest that there are likely to be immediate effects of piling on
the population in terms of potential disturbance, a key consideration is whether this
disturbance will lead to longer term effects on the integrity of the population. Although
the effect of behavioural disturbance on harbour porpoise breeding is unknown, it is
possible that displacement from an area, particularly one that may be important for
the species, may result in reduced fecundity. This is most likely to occur as a result of
reduced fitness, since displacement could lead to reduced prey availability as a result
of sub-optimal habitat, increased competition, or greater energy costs of finding food.
This may be especially important for harbour porpoise, which is a species with a
relatively low body fat content compared to other cetaceans, and therefore needs to
feed frequently. Reduced feeding during lactation may also lead to an increase in calf
mortality, particularly since harbour porpoise calves have a high dependency on their
mothers over the first eight months of their life.

4.6.127 The population consequence of behavioural disturbance is difficult to determine due
to a paucity of long term studies. Baseline characterisation data suggests that the
Project Two marine mammal study area is an important area for harbour porpoise
due to the high densities found here in the context of the regional marine mammal
study area. Areas of high density were identified immediately to the south and east of
Subzone 2 (within the Subzone 2 plus 4 km buffer), in the southwest of the Hornsea
Zone and at the northern end of the cable route corridor (paragraphs 4.5.51 and
4.5.52). The comparably higher density of animals in the Subzone 2 plus 4 km buffer
compared with Subzone 2 suggests that there may be some ecological features of
the buffer area alone that support high densities in this area. For example, large
areas of habitat suitable for sandeels are present in the buffer area (see Chapter 3:
Fish and Shellfish Ecology), and as a key prey item this may be an important
ecological driver for harbour porpoise.
4.6.128 The DEPONS study assumes that porpoise density or abundance is a suitable proxy
for food availability such that where there are high densities of porpoise, the prey
species are abundant (van Beest et al., in prep.). On this basis, the Hornsea Zone
would represent a resource-rich area for harbour porpoise. This is important as it
shapes the way that porpoises respond to noise and the time it takes for them to
return to the site if they are displaced. The DEPONS model assumed that food
resources in the North Sea were distributed randomly and that animals were deterred
from the disturbed area for 2.5 hours (see paragraph 4.6.58). Different dispersal
scenarios were modelled and the one that appeared to be most realistic, and
produced a stable population for the baseline scenario (no piling) was where animals
moved towards patches with high food availability. Initial model simulations suggest
that animals are likely to be displaced in the short-term during piling but will quickly
(within hours) return to the disturbed area, even after multiple piling events. This
prediction is also supported by empirical data from the DanTysk wind farm where
porpoise activity (recorded using acoustic data-loggers) was resumed within 10 hours
or less after piling had ceased. It is likely that a resource-rich area, such as Hornsea,
would be a key driver for animals returning quickly to the area between disturbance
events (Jacob Nabe-Neilsen, pers.comm.) unless food resources were plentiful
elsewhere, in which case population-level effects would not be expected anyway.
Comparison of three different scenarios (no piling; minimum piling across 21 wind
farms in the south central North Sea; maximum piling across 31 wind farms in the
south central North Sea; see paragraph 4.6.57) in the DEPONS model showed that,
regardless of the dispersal strategy the porpoise use, there is no discernible
difference in the population between the baseline and either of the piling scenarios
over time (van Beest et al., in prep.). These results suggest that long-term populationlevel effects from piling at offshore wind farms are unlikely, however, this is caveated
with the fact that the results from DEPONS are preliminary and therefore are not
conclusive at this stage.
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4.6.129 In summary, it is likely that there will be medium term effects of disturbance of
harbour porpoise within the zone of possible avoidance, however, empirical evidence
from published studies suggest that movement back into the area of impact will occur
in the short term (days) and populations will return to baseline levels following
cessation of the piling activity. Although there is the potential for disturbance to lead
to displacement, since harbour porpoise may range over large distances, it can be
assumed that given the extent of similar habitat throughout the regional marine
mammal study area, it is unlikely that displacement would lead to any populationlevel effects. In addition, following cessation of piling, the fish and shellfish receptors
within the Hornsea Zone would recover rapidly and therefore prey resources would
be available for harbour porpoise returning to the area following disturbance (Chapter
3: Fish and Shellfish Ecology).
4.6.130 Harbour porpoise is an internationally important VER and considered to be of
medium vulnerability over the duration of the piling activity (subject to the
uncertainties in predicting population-level effects), with the potential for high
recoverability following cessation of the piling. The sensitivity of the receptor is
therefore, considered to be medium.
Significance of effect
4.6.131 Piling will result in a medium term negative effect of disturbance of harbour porpoise
for up to 1.32 years phased over a maximum of five years. The effects are predicted
to be intermittent over this period, with the potential for recovery between piling
events. However, it is not expected that recovery to baseline levels would occur until
after cessation of piling. Consideration of the predicted magnitude of medium and
sensitivity of harbour porpoise of medium leads to a significance of effect conclusion
of moderate adverse.
4.6.132 The assessment has quantified the worst case scenario which assumed that 100% of
animals exposed up to each noise threshold are affected to the maximum extent
(e.g., all animals exposed to noise levels within the PTS threshold will experience
PTS and so on) and that the maximum hammer energy will be achieved at all
locations for the entire duration of the piling sequence. In reality, this will not be the
case since hammer energy ramps up over time and not all animals that receive noise
levels sufficient to elicit a disturbance reaction will be affected to the same extent. For
example, there are different levels of behavioural response with displacement being
the most severe reaction; however, as demonstrated by the dose-response
relationship, not all animals that are disturbed will be displaced. Due to the large area
that will be potentially ensonified, the long duration of construction piling, and the
importance of the Hornsea Zone for harbour porpoise, an effect of moderate
adverse significance in the short to medium term, which is significant in EIA terms, is
predicted. Based on the precautionary assumptions in the quantification of the worstcase scenarios, it is expected that the harbour porpoise population will recover to
baseline levels in the long term.

4.6.133 Whilst it is recognised that the above conclusion represents a short to medium term
effect on harbour porpoise from piling activity that is significant in EIA terms, it is
important to note that significant uncertainty exists in terms of actual consequence of
disturbance and therefore, the assessment has adopted a highly precautionary
approach at all stages. Taking this into consideration and given the scientific
evidence presented here which shows full recovery is likely, no significant long term
effects are predicted.
Harbour porpoise as a feature of European sites
4.6.134 Harbour porpoise is listed as a qualifying feature, but not a primary reason for
designation, for a number of European sites within the regional marine mammal study
area (paragraph 4.5.31 et seq.). Given the wide ranging nature of harbour porpoise
and the larger extent of available habitat elsewhere there is the potential for animals
from SACs/SCIs to avoid the disturbed area during piling activity utilising habitat
elsewhere in non-disturbed areas. Furthermore, there is no reason to suggest that
even if significant proportions of the ensonified area due to piling within Project Two
were to be avoided by harbour porpoise, that these animals would be prevented from
moving between areas throughout their range. This is because, as described
previously (paragraphs 4.6.66 et seq.), not all noise disturbance leads to
displacement and some animals will continue to utilise habitat within the ensonified
area (Brandt et al., 2011).
4.6.135 An assessment of the potential effects for harbour porpoise, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the Habitats Regulations Assessment Report: Information to
Support the Appropriate Assessment for Project Two (SMart Wind, 2014).
Additional mitigation measures
4.6.136 The impact assessment has highlighted that in some instances there is potential for a
significant effect (in EIA terms) to occur in the short to medium term (reducing to
minor or not significant over the longer term). An effect of moderate adverse
significance in the short to medium term has been predicted for the impact of piling
noise on harbour porpoise during installation of the turbines and associated
infrastructure.
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4.6.137 Due to the potential for an impact of moderate adverse significance, mitigation
methods (such as a piling plan) will be considered in an effort to reduce the
significance of the potential effect. During the pre-construction phase of the project,
further information will be available from the site such as maximum hammer energy
likely to be required and site-specific noise attenuation. This information would be
available following geotechnical investigations of the site, noise monitoring studies
from Project One (should construction commence in advance of Project Two), and
refinement of the construction design. Any mitigation measures will be discussed and
agreed with the statutory advisors prior to construction of Project Two and
implemented as part of the CoCP.
White-beaked dolphin
Magnitude of impact
4.6.138 The modelled hammer energies showed that the potential for auditory injury for both
PTS and TTS is highly localised, with potential impacts occurring within 500 m for all
hammer energies (Table 4.29). As described for harbour porpoise, the cumulative
SEL during the fleeing response is unlikely to elicit an auditory impact within 500 m
even at the maximum hammer energy of 3,000 kJ (Figure 4.24). Therefore, provided
that a soft start procedure (30 minutes as up to 600 kJ) and standard 500 m
mitigation zone is employed, the risk of auditory injury is negligible.
4.6.139 The noise model predicted that white-beaked dolphin were likely to avoid an area up
to 3 km from the source, whilst possible avoidance could occur out to 11 km for the
largest hammer energy and greatest propagation distance (Table 4.29). Based on
this, impacts would be confined, in spatial extent, to the Project Two marine mammal
study area (Figure 4.24).
4.6.140 The impact is predicted to be of local spatial extent, intermittent (during pile driving
activity) and reversible. Based on the temporal maximum adverse scenario, piling
would occur for a maximum total duration of 1.32 years phased over a construction
piling period of five years, with potential for recovery between piling events (Table
4.29). It is predicted that the impact will affect white-beaked dolphin directly. The
magnitude is therefore, considered to be low.

Table 4.29

Summary of white-beaked dolphin minimum and maximum impact range
estimates for pile driving at a single location during construction at
Project Two. Ranges are based on transects modelled over sandy
substrate to the north of Subzone 2 and gravelly substrate to the south.

Impact
Criterion

Potential impact range for white-beaked dolphin (mid-water
column)4
6

1,200
kJ 6

1,700
kJ 5

1,800
kJ 6

2,300
kJ 5

2,400
kJ 6

3,000
kJ 5,6

Instantaneous
injury/PTS
(Mmf weighted
198 dB re 1
μPa2·s)1

<500 m

<500 m

<500 m

<500 m

<500 m

<500 m

<500 m

TTS/fleeing
response
(Mmf weighted
183 dB re 1
μPa2·s)2

<500 m

<500 m

<500 m

<500 m

<500 m

<500 m

<500 m

Likely
avoidance of
area
(pulse SEL 170
dB re 1 μPa2·s)3

~0.5 to
1.5 km

~1.0 to
2.0 km

~1.5 to
2.5 km

~1.5 k
m to
2.5 km

~2.0 to
2.5 km

~2.0 to
2.5 km

~2.0 to
3.0 km

Possible
avoidance of
area/Change in
swimming
behaviour
(pulse SEL 160
dB re 1 μPa2·s)3

~3 to
5 km

~5 to
7 km

~6 to
9 km

~6 to
9 km

~7 to
10 km

~7 to
10 km

~8 to
11 km

1
2

600 kJ

Southall et al. (2007) Injury Criteria.

Southall et al. (2007) Single pulse behavioural disturbance.
Southall et al. (2007) Multiple pulses severity scoring behavioural disturbance (RMS SPL
converted to pulse SEL by subtraction of 8 dB).
4
<500 m impact range mitigated by mitigation zone.
5
Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (3,000 kJ for turbines and 2,300 kJ for substations and
platforms).
6
Hammer energies representing the maximum piling profile for the spatial maximum adverse
scenario ramping up from soft-start to maximum hammer energy, (i.e., 600 kJ (20%), 1,200 kJ
(40%), 1,800 kJ (60%), 2,400 kJ (80%) and 3,000 kJ (100%)).
3
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Sensitivity of receptor
4.6.141 For mid frequency cetaceans such as white-beaked dolphin, the behavioural
response predictions are based on the Southall et al. (2007) severity scaling and is
further broken down into upper and lower limits (see paragraph 4.6.41), which are
referred to in this assessment as ‘likely’ and ‘possible’ avoidance of area,
respectively. The numbers of white-beaked dolphin potentially affected by likely
avoidance and possible avoidance, (based on the noise contours overlaid on the
areas of highest density), are presented in Table 4.30. As stated in paragraph 4.6.27,
the modelled contours for sandy sediments were used in the impact assessment to
estimate the numbers affected for modelled sources within Subzone 2 due to the
dominance of sandy substrate. For single piling, the calculations show, that for all
hammer energies the numbers of individuals affected by likely and/or possible
avoidance accounts for a small number of individuals and consequently a small
proportion (i.e., 0.02% or less) of the reference population (Table 4.30).
4.6.142 Table 4.30 illustrates the potential numbers of white-beaked dolphin affected by
behavioural disturbance (and percentage of the MU reference population) for the
spatial and temporal maximum adverse scenarios. For the spatial maximum adverse
scenario (concurrent vessels piling with a 3,000 kJ hammer, the calculations show
that the numbers of individuals affected by likely and/or possible avoidance accounts
for a small number of individuals and consequently a small proportion (i.e., less than
0.022%) of the reference population (Table 4.30) over the five years piling
construction period. For the temporal maximum adverse scenario (maximum hammer
energy of 1,700 kJ), the number of animals potentially affected for possible avoidance
would be 1.30 individuals (0.01% of the reference population) for any one day during
single piling (Table 4.30). Numbers are also given for a range of different hammer
energies and for single and concurrent piling to cover the different options presented
in the project design envelope (Volume 1, Chapter 3: Project Description) (Table
4.30).

4.6.143 Evidence for the impacts of behavioural disturbance on white-beaked dolphin is
limited and as with harbour porpoise there is uncertainty as to the population-level
effects of disturbance on this species. Empirical studies measuring changes in the
abundance of marine mammals as a result of offshore wind farm construction have
focussed on species such as harbour porpoise and harbour seal, since their greater
numbers make it easier to detect change. However, observations of other midfrequency cetaceans suggests that whilst there is likely to be a behavioural response
to pile driving, species within this hearing threshold are less sensitive than harbour
porpoise (a high-frequency cetacean). For example, Wursig et al. (2000) showed that
for humpback dolphin, piling did not result in any overt behavioural response and only
some of the population left the area, returning immediately following cessation of the
activity. Mullin et al. (1989) reported displacement of bottlenose dolphin during pile
driving activities at shallow depths and attraction at deeper levels. For both studies,
there was insufficient evidence to suggest that any displacement was directly in
response to the piling noise since other factors, such as change in prey distribution
may also have had an effect. However, this does not negate the possibility that piling
would, at least, result in medium-term displacement effects.
4.6.144 Long term effects are more difficult to predict. Evidence from the above studies and
studies looking at the effect of seismic exploration on bottlenose dolphin populations,
suggests that long term effects are unlikely. In the Moray Firth, Scotland, the resident
bottlenose dolphin population has been exposed to seismic exploration with no long
term displacement (Turnpenny and Nedwell, 1994). In the absence of further
guidance on population-level effects, uncertainties regarding the long term population
consequences of disturbance have been addressed in the impact assessment by
adopting a highly precautionary approach at all stages.
4.6.145 White-beaked dolphin, a nationally important VER, is considered to be of low
vulnerability, since very small numbers would be affected over the duration of piling,
and there is potential for high recovery following cessation of the piling. The
sensitivity of the receptor is therefore, considered to be low.
Significance of effect
4.6.146 Piling will result in a medium term negative effect of up to 1.32 years phased over an
five year construction period (comprising up to four piling phases). The effects are
predicted to be of low magnitude and intermittent for a marine mammal receptor of
low sensitivity and with the potential for recovery to baseline levels in the long term.
The effect on white-beaked dolphin will, therefore, be of minor adverse significance,
which is not significant in EIA terms.
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Table 4.30

Summary of number of white-beaked dolphin individuals potentially affected by piling noise based on a single piling scenario and a concurrent piling scenario (with a
vessel separation distance of 20 km) at different hammer energies. Numbers affected were compared to the British and Irish Waters (BI) Management Unit (MU) reference
population of 15,895 (IAMMWG, 2013).
1,200 kJ

Impact criterion

Number of
animals

% Reference
population

1,700 kJ
Number of
animals

% Reference
population

2,300 kJ
Number of
animals

% Reference
population

3,000 kJ
Number of
animals

% Reference
population

Single Piling Scenario
Likely avoidance 170 dB

0.05

0.0003

0.07

0.0004

0.10

0.0006

0.14

0.0009

Possible avoidance 160 dB

0.86

0.0054

1.30

0.0081

1.81

0.0113

2.43

0.0152

Likely avoidance 170 dB

0.06

0.0004

0.10

0.0006

0.15

0.0009

0.21

0.0013

Possible avoidance 160 dB

1.26

0.0079

1.91

0.0119

2.58

0.0161

3.47

0.0217

Concurrent Piling Scenario
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Figure 4.24 Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on white-beaked dolphin density data (animals km-2) derived from the site-specific survey data. The concurrent piling locations were chosen as those
overlying the area of greatest density.
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Minke whale

Table 4.31

Magnitude of impact
4.6.147 The modelled hammer energies showed that the potential for auditory injury (both
permanent and temporary) in minke whale is highly localised. As shown in Table
4.31, the potential ranges where an instantaneous onset of permanent auditory injury
may occur span less than 500 m for minke whale (low-frequency cetaceans). The
cumulative SEL during the fleeing response is unlikely to elicit a permanent auditory
impact within the 500 m mitigation zone (Figure 4.18) and similarly the zone of
temporary auditory impact (TTS/fleeing) also occurs out to a maximum of 500 m
(Table 4.31). Therefore, provided that a soft-start procedure (up to 600 kJ for 30
minutes) and standard 500 m mitigation zone is employed, the risk of permanent or
temporary auditory injury is negligible.
4.6.148 The noise model predicted that the areas of likely avoidance and possible avoidance
for minke whale could extend over a large area. The area of likely avoidance was 14
to 23 km for the 1,700 kJ hammer energy, 16 to 26 km for 2,300 kJ and 18 to 30 km
for the 3,000 kJ (maximum) hammer energy, respectively (Table 4.31). Possible
avoidance was predicted to occur out to a maximum of 61 km, 68 km and 82 km for
the 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies, respectively. Based on this,
potential impacts may extend beyond the Hornsea Zone.
4.6.149 The impact is predicted to be of regional spatial extent, intermittent (during pile
driving activity) and reversible. Based on the temporal maximum adverse scenario
piling would occur for a maximum total of 1.32 years phased over a five year
construction piling period. It is predicted that the impact will affect minke whale
directly and the magnitude is considered to be medium.
Sensitivity of receptor
4.6.150 For low frequency cetaceans such as minke whale, the behavioural response
predictions are based on the Southall et al. (2007) severity scaling score 5/6 and is
further broken down into upper and lower limits over a 10 dB bin (see paragraph
4.6.41). These are referred to in this assessment as ‘likely’ and ‘possible’ avoidance
of area, respectively and the have been categorised in this way due to the degree of
inter-individual variation in behavioural response within the 5/6 severity score criteria.
4.6.151 As stated in paragraph 4.6.27, the modelled contours for sandy sediments were used
in the impact assessment to estimate the numbers affected for modelled sources
within Subzone 2 due to the dominance of sandy substrate.

Summary of minke whale average impact range estimates for pile driving
at a single location during construction at Project Two. Ranges are based
on transects modelled over sandy substrate to the north of Subzone 2 and
gravelly substrate to the south.
Potential impact range for minke whale (mid-water column)4

Impact Criterion

600
kJ 6

1,200
kJ 6

1,700
kJ 4

1,800
kJ 6

2,300
kJ 4

2,400
kJ 6

3,000
kJ 4,6

Instantaneous
injury/PTS
(Mlf weighted 198 dB
re 1 μPa2·s)1

<500
m

<500
m

<500
m

<500
m

<500
m

<500
m

<500
m

TTS/fleeing
response
(Mlf weighted 183 dB
re 1 μPa2·s)2

<500
m

<500
m

<500
m

<500
m

<500
m

<500
m

<500
m

Likely avoidance of
area
(pulse SEL 152 dB
re 1 μPa2·s)3

~9 to
14 km

~11 to
19 km

~14 to
23 km

~15 to
23 km

~16 to
26 km

~17 to
27 km

~18 to
30 km

Possible avoidance
of area/Change in
swimming behaviour
(pulse SEL 142 dB
re 1 μPa2·s)3

~23 to
40 km

~28 to
59 km

~30 to
61 km

~30 to
62 km

~31 to
68 km

~31 to
70 km

~36 to
82 km

1

Southall et al. (2007) Injury Criteria.

2

Southall et al. (2007) Single pulse behavioural disturbance.

3

Southall et al. (2007) Multiple pulses severity scoring behavioural disturbance (RMS SPL
converted to pulse SEL by subtraction of 8 dB).
4

<500 m impact range mitigated by mitigation zone.

5

Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (3,000 kJ for turbines and 2,300 kJ for substations and
platforms).

6

Hammer energies representing the maximum piling profile for the spatial maximum adverse
scenario ramping up from soft-start to maximum hammer energy, (i.e., 600 kJ (20%), 1,200 kJ
(40%), 1,800 kJ (60%), 2,400 kJ (80%) and 3,000 kJ (100%)).
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4.6.152 For the spatial maximum adverse scenario, the number of minke whale that may
experience possible avoidance is 51 animals accounting 0.22% of the reference
population (Table 4.32). Likely avoidance could occur for 11 minke whale (0.05% of
the reference population) on any one day of piling at the maximum hammer energy
and with two concurrent piling vessels (Table 4.32).
4.6.153 As described for harbour porpoise (paragraph4.6.91), animals that are disturbed
within the modelled range show a range of responses from erratic swimming
behaviour through to cessation of breeding or feeding and in the more severe cases
will be displaced from the area. The potential for displacement as a result of noise
disturbance will more realistically follow a dose-response relationship whereby the
proportion of the population that would be displaced would gradually decrease
moving further away from the source (Figure 4.26).
4.6.154 Table 4.33 therefore shows the number of animals potentially displaced within 5 km
noise bands, assuming that the published dose-response relationship derived from
the Horns Rev II study on harbour porpoise (Brandt et al., 2011) holds true for minke
whale. Due to the uncertainty of how this relationship would translate across species,
and because the threshold for likely avoidance (152 dB re. 1µPa2.s) suggests 100%
avoidance in minke whale, the dose-response relationship was assumed to occur
over the zone of possible avoidance only (i.e., not including the zone of likely
avoidance). Consequently, the differences in the number of animals affected are less
marked for minke whale compared with harbour porpoise (and also because the
densities of minke whale are much lower than harbour porpoise).
4.6.155 Table 4.33 illustrates the estimated numbers displaced if a dose-response
relationship was assumed, and therefore shows the precautionary nature of this
impact assessment. For example, of the 49 minke whale within the zone of possible
avoidance, the total number potentially displaced by single piling may be 34 animals
(0.15% of the British Isles MU reference population) assuming a dose-response
relationship. Similarly, for concurrent piling the numbers of animals potentially
displaced may be 37 (0.16%) based on the dose-response curve compared to the 51
estimated within this zone.
4.6.156 Whilst it may be over-precautionary to suggest that all animals disturbed will be
displaced, it should be recognised that other behavioural changes, such as erratic
swimming behaviour, cessation of vocalisations, deep diving etc., may also have
fitness consequences for individuals. Therefore, the total numbers of animals
exposed to noise disturbance (whether displaced or not) are presented in this
chapter.

4.6.158 For the temporal maximum adverse scenario the number of animals potentially
affected by possible avoidance would be 34 individuals (0.15% of the reference
population) (Table 4.32). Likely avoidance, where 100% of minke whale are predicted
to be displaced, would potentially affect 5 animals on any one day of piling. The
maximum duration of temporal effects is based on a single piling vessel piling over an
accumulated total of 1.32 years.
4.6.159 The number affected is calculated from the information available on relative
abundance of minke whale in the study area as there were no corrections for g(0) to
allow for estimates of total abundance. This limitation is recognised here and it is
acknowledged that this may be an underestimate of the true population potentially
affected in the area. For example, published estimates for SCANS-II calculate g(0) as
0.55 (i.e., the number seen is approximately half of those present), (Okamura et al.,
2010). However, this is based on less intense survey work compared to the sitespecific surveys undertaken for Project Two, and therefore it is not appropriate to use
this value of g(0) to apply directly to the calculations here (Annex: 5.4.1: Marine
Mammal Technical Report).
4.6.160 Further context can therefore be provided by comparison with estimates of the total
number of individuals affected estimated using the most recent SCANS-II data. This
was achieved by multiplying the areas of likely avoidance and possible avoidance for
the 3,000 kJ hammer energy by the SCANS-II density estimate (corrected for g(0))
for Block U. The results show that at 3,000 kJ the predicted number of animals
displaced using the SCANS-II average density of 0.023 animals km-2 (Table 4.6) is
31 individuals for likely avoidance and 155 individuals for possible avoidance
compared with site-specific survey numbers of 11 and 51 for likely and possible
avoidance, respectively, based on the concurrent piling scenario (Table 4.32).
However, the SCANS densities are based on just summer surveys when numbers
appear to be higher, whereas the site-specific density estimates are based on a yearround average. Also the SCANS density estimates have been corrected for g(0), as
discussed in paragraph 4.6.146, whereas the site-specific density estimates are
relative densities. Therefore, the densities could arguably be expected to be lower in
the Project Two marine mammal study area compared to SCANS Block U, since the
distribution maps show that the Greater Wash is at the southern limit of minke whale
distribution (SCANS-II, 2006).

4.6.157 As described for harbour porpoise, it should be emphasised that the figures in Table
4.34 and Table 4.33 are based on illustrative piling scenarios and on an assumed
dose-response relationship and are presented only to provide a context to
understand that full hammer energy is not employed at all times and that not all
animals within the zone of possible avoidance will be displaced.

4-96

Table 4.32

Summary of number of minke whale individuals potentially affected by piling noise based on a single piling scenario and a concurrent piling scenario (with a vessel
separation distance of 20 km) at different hammer energies. Numbers affected were compared to the British and Irish Waters (BI) Management Unit (MU)reference
population of 23,163 (IAMMWG, 2013).
1,200 kJ

Impact criterion

1,700 kJ

2,300 kJ

3,000 kJ

Number of
animals

% Reference
population

Number of
animals

% Reference
population

Number of
animals

% Reference
population

Number of
animals

% Reference
population

Likely avoidance 152 dB

4

0.02

5

0.02

7

0.03

9

0.04

Possible avoidance 142 dB

27

0.12

34

0.15

41

0.18

49

0.21

Likely avoidance 152 dB

5

0.02

7

0.03

9

0.04

11

0.05

Possible avoidance 142 dB

30

0.13

37

0.16

43

0.19

51

0.22

Single Piling Scenario

Concurrent Piling Scenario

Table 4.33

Estimated number of minke whale displaced within each 5 km spaced concentric noise band in the zone of possible avoidance assuming that proportional displacement
follows the dose-response relationship shown in Thompson et al. (2013a) (which uses empirical data from Brandt et al. 2011). Numbers are based on the acoustic dataset
and compared to the percentage of the British Isles MU reference population affected (in italics).
Dose response within 5 km contours
Likely avoidance
(<18.5 km)

Total
18.5-23 km

23-28 km

28-33 km

33-38 km

38-43 km

>43 km

Single piling (3,000 kJ)
Total number of individuals
within 5 km spaced
contour

9
0.04

2
0.01

5
0.02

6
0.03

7
0.03

7
0.03

12
0.05

Proportional displacement
(Brandt et al., 2011)

1.0

0.978

0.955

0.887

0.749

0.528

0.297

Predicted number of
individuals affected

9
0.04

2
0.01

5
0.02

6
0.02

5
0.02

4
0.02

4
0.02

34
0.15

Total number of individuals
within 5 km spaced
contour

11
0.05

3
0.01

6
0.02

7
0.03

7
0.03

7
0.03

12
0.03

51
0.22

Proportional displacement
(Brandt et al., 2011)

1.0

0.978

0.955

0.887

0.749

0.528

0.297

Predicted number of
individuals affected

11
0.05

2
0.01

6
0.02

6
0.03

5
0.02

4
0.02

3
0.01

49
0.21

Concurrent piling (3,000 kJ)
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37
0.16

4.6.161 In considering the spatial maximum adverse scenario based on the 3,000 kJ hammer
energy (Table 4.34), it is clear that the maximum number of animals disturbed would
not occur over the entire piling sequence. Instead, the number of animals disturbed
would gradually increase over time up to a maximum of nine animals for likely
avoidance and 49 animals for possible avoidance, as illustrated for the single piling
scenario (Table 4.34).
Table 4.34

Hammer
energy (kJ)

Number of minke whale and proportion of the reference population (in
italics) potentially affected as hammer energy ramps up over time.
Maximum duration
(minutes)

600

30

1,200

30

1,800

15

2,400

60

3,000

405

Likely
avoidance
152 dB

Possible Avoidance 142 dB

Represents the soft-start and not included in the
analysis
4
27
0.02
0.12
5
35
0.02
0.15
7
42
0.03
0.18
9
49
0.04
0.21

4.6.162 Empirical evidence for the effect of underwater noise on minke whale comes from
studies of other baleen whales. Overt avoidance behaviour of bowhead whale was
recorded over distances of 6 to 8 km in response to noise levels of 150
to 180 dB re. 1µPa, with some avoidance behaviour observed out to at least 20 km
(Koski and Johnson, 1987). Migrating bowheads avoided an area out to 10 km from
drilling activity in the Alaskan Beaufort Sea with animals further afield (>20 km) also
diverting their course (Hall et al., 1994). Grey whale also showed whale avoidance
behaviour to drilling noise and alteration in their call characteristics was also noted,
suggesting adaptations to reduce masking (Dahlheim, 1987). A reduction in the
abundance of grey whale in a lagoon in Mexico was attributed to playbacks of drilling
noise over a duration of 120 hours (Jones et al., 1994). In this study, numbers were
reduced up to a month following the drilling noise, but returned to normal the
following winter.

4.6.163 McCauley et al. (1998) observed humpback whale during seismic surveys, and
experimentally exposed individuals to air gun noise, off the west coast of Australia.
Whilst no disruption of whale migration routes was observed, avoidance behaviour
was exhibited out to a range of 5 to 8 km from the source with 100% avoidance out to
a range of 3 to 4 km. Typical received noise levels at 5 km were measured as
162 dB re.1 µPa2. Avoidance in minke whale was also noted during seismic surveys
in UK waters, but spatially was more localised compared to small odontocetes
(Stone, 2003; Stone and Tasker, 2006).
4.6.164 In summary, based on the precautionary assumptions of the subsea noise modelling
study, minke whale may exhibit a behavioural response within the zones of likely
avoidance and possible avoidance (Figure 4.25). This may result in detours from
migration routes and displacement from foraging grounds. In particular, the habitat to
the north of the Project Two marine mammal study area is comprised of fine sand
and is likely to support a healthy population of sandeels, one of the key prey items for
minke whale. However, the predicted benthic habitat map (Chapter 2: Benthic
Subtidal and Intertidal Ecology) shows that sandy substrate occurs widely throughout
the southern North Sea, and that the fish assemblages in the Project Two fish and
shellfish study area (Annex 5.3.1: Fish and Shellfish Technical Report) were
characteristic of the wider region. Therefore, it is considered that prey resources will
be prevalent elsewhere, although it is also possible that the reduced area of foraging
may lead to some density-dependant competition. The maximum total area of
reduced foraging for minke whale, based on concurrent piling using 3,000 kJ hammer
energy (for the 142 dB contour), was calculated as 7,626.21 km2 accounting for
approximately 4.79% of the area of SCANS Block U. However, this area is small
compared to the reference area for minke whale which comprises the whole of the
east and west coast of the British Isles.
4.6.165 Minke whale, an internationally important VER, is therefore considered to be of
medium vulnerability over the duration of the piling activity with the potential for high
recovery following cessation of the piling. Therefore, the sensitivity is assessed as
being low to medium.
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Figure 4.25

Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on minke whale density data (animals km-2) derived from the site-specific survey data. The concurrent piling locations were chosen as those overlying the
area of greatest density.
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Figure 4.26 Noise contours for likely avoidance and possible avoidance in minke whale as hammer energy ramps up from the soft-start to maximum hammer energy.
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Significance of effect
4.6.166 Piling will result in a medium term disturbance to minke whale over a total duration of
up to 1.32 years phased over an five year construction period, (comprising up to four
piling phases). The effects are predicted to be of medium magnitude and intermittent
for minke whale which has low to medium sensitivity and a high potential for recovery
to baseline levels in the long term. This leads to a significance of effect conclusion of
minor to moderate adverse significance.
4.6.167 The assessment has quantified the spatial and temporal maximum adverse scenarios
which assumed that 100% of animals disturbed will be displaced and that the
maximum hammer energy will be achieved at all locations for the entire duration of
the piling sequence. In reality, this will not be the case since hammer energy ramps
up over time and there will be a proportional displacement of animals within the area
of possible disturbance. Therefore, at the lower end of the scale, the effects may be
considered to be of minor adverse significance. However, due to the large area that
will be potentially ensonified, the long duration of the construction piling period (5
years), and the importance of the central North Sea for minke whale, the maximum
adverse scenarios presented are considered to results in an effect of moderate
adverse significance in the short to medium term, which is significant in EIA terms.
Based on the precautionary assumptions in the quantification of the maximum
adverse scenarios, it is expected that the minke whale population will recover to
baseline levels in the long term.
4.6.168 Uncertainties regarding the long term population consequences of disturbance have
been addressed in the impact assessment by adopting a highly precautionary
approach at all stages. Taking this into consideration and given the scientific
evidence presented here which shows that only a small proportion of available habitat
would be affected and that full recovery is likely, there are no significant long term
effects predicted.
Additional mitigation measures
4.6.169 The impact assessment has highlighted that in some instances there is potential for a
significant effect (in EIA terms) to occur in the short to medium term (reducing to
minor or not significant over the longer term). An effect of minor to moderate adverse
significance in the short to medium term has been predicted for the impact of piling
noise on minke whale during installation of the turbines and associated infrastructure.

4.6.170 Due to the potential for an impact of moderate adverse significance, mitigation
methods (such as a piling plan) will be considered in an effort to reduce the
significance of the potential effect. During the pre-construction phase of the project,
further information will be available from the site such as maximum hammer energy
likely to be required and site-specific noise attenuation. This information would be
available following geotechnical investigations of the site, noise monitoring studies
from Project One (should construction commence in advance of Project Two), and
refinement of the construction design. Any mitigation measures will be discussed and
agreed with the statutory advisors prior to construction of Project Two and
implemented as part of the CoCP.
Grey seal
Magnitude of impact
4.6.171 The modelled hammer energies showed that the potential for physical injury or
permanent auditory injury in grey seal is highly localised with effects only occurring
out to a maximum of less than 500 m from the source (Table 4.35 and Figure 4.28).
4.6.172 Beyond this distance, out to a maximum of 2.0 km, temporary auditory impairment
can occur and noise levels sufficient to cause TTS will elicit a fleeing response in
seals (Table 4.35). The range of effects will therefore be confined mainly to within the
Project Two marine mammal study area.
4.6.173 Although the underwater noise modelling assessment considered the cumulative SEL
for all species, for pinnipeds, limited data on the response of seals to noise, limits the
model results. This is pertinent because the use of 186 dB re 1 μPa2·s as the noise
exposure criteria for instantaneous PTS in seals is under revision following the
proposal by Thompson et al., (2013a) that this was over precautionary and based on
very sparse data. Instead, Thompson et al. (2013a) has suggested that a more
suitable criteria would be the same as that proposed by Southall et al. (2007) for high
frequency cetaceans (i.e., 198 dB re 1 μPa2·s). Based on the uncertainties in the
modelled SEL dose, the impact assessment therefore concentrates on the
instantaneous PTS and TTS/fleeing thresholds for pinnipeds as the metrics requiring
assessment (Table 4.24).
4.6.174 The impact is predicted to be of local spatial extent, intermittent (during pile driving
activity) and reversible. Based on the worst case temporal scenario of single and
concurrent piling vessels, accumulated piling would occur over a maximum duration
of 1.32 years phased over a five year piling construction period. It is predicted that
the impact will affect grey seal directly and the magnitude is considered to be low.
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Table 4.35

Summary of pinniped maximum impact range estimates for pile driving at a
single location during construction at Project Two.
Potential impact range for pinniped (mid-water column)3

Impact Criterion

600 kJ
5

1,200
kJ 5

1,700
kJ 4

1,800
kJ 5

2,300
kJ 4

2,400
kJ 5

3,000
kJ 4,5

Instantaneous
injury/PTS
(Mpw weighted 186 dB
re 1 μPa2·s)1

<500 m

<500 m

<500 m

<500 m

<500 m

<500 m

<500 m

TTS/Fleeing
response/ Avoidance
(Mpw weighted
171 dB re 1 μPa2·s) 2

<1.0 k
m

<1.5 k
m

<1.5 k
m

<1.5 k
m

1

Southall et al. (2007) Injury Criteria.

2

Southall et al. (2007) Single pulse behavioural disturbance.

3

<500 m impact range mitigated by mitigation zone.

<2.0 k
m

<2.0 k
m

<2.0 k
m

4

Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (3,000 kJ for turbines and 2,300 kJ for substations and
platforms).
5

Hammer energies representing the maximum piling profile for the spatial maximum adverse
scenario ramping up from soft-start to maximum hammer energy, (i.e., 600 kJ (20%), 1,200 kJ
(40%), 1,800 kJ (60%), 2,400 kJ (80%) and 3,000 kJ (100%)).

Sensitivity of receptor
4.6.175 As discussed in paragraph 4.6.42, possible avoidance in pinnipeds has been
potentially shown to be exhibited when received levels are likely to result in a mild
TTS (Southall et al., 2007). Therefore, the numbers affected based on the
TTS/feeling threshold have been used to reflect those animals that may potentially
exhibit a behavioural response. A range of hammer energies have been presented
for both single and concurrent scenarios to reflect the different options being
considered in the project design for Project Two (Table 4.36).

4.6.176 For the spatial maximum adverse scenario (concurrent piling at 3,000 kJ), the
average number of grey seal predicted to be affected by noise levels sufficient to
elicit TTS/fleeing using the site-specific density data was 0.21 animals (Table 4.36).
Predicted effects were greater using the SMRU modelled at-sea density estimates,
with 1.35 animals affected by TTS/fleeing (Table 4.36). This equates to only a small
proportion (up to a maximum of 0.019%) of the Humber Estuary SAC population
predicted to be affected using the more conservative SMRU data estimates (Table
4.36). An even smaller proportion of the South-east England MU grey seal population
is predicted to be affected, with a 0.01% of this reference population experiencing
TTS/fleeing on any one day.
4.6.177 For the temporal maximum adverse scenario, the number of animals affected on any
one day during piling by noise levels sufficient to elicit the TTS/fleeing response, was
relatively small (Table 4.36). A maximum of 0.09 animals (site-specific data) or 0.73
(SMRU data) were affected by the 1,700 kJ energy. These figures represent only a
small proportion of the MU reference population (<0.007) and SAC breeding
population (<0.01).
4.6.178 The zone of noise disturbance for grey seal does not extend as far as their haul-out
locations, the closest of which (Donna Nook) lies over 100 km from Subzone 2.
Therefore, the effects predicted are behavioural displacement over a small area of
their habitat. The most likely effect will therefore be displacement from a small area of
their habitat at sea, which has been estimated for pinnipeds as a maximum (based on
largest hammer) of approximately 12.57 km2 for a single pile and 25.14 km2 for
concurrent piling. It is likely, therefore, that during pile driving grey seal would tend to
avoid these areas of disturbance and move to other areas of suitable habitat
elsewhere. Whilst there may be some energetic costs of displacement (either from
expending more energy whilst circumventing disturbed areas, or from possible
reduced foraging due to density-dependent competition in other areas), it is
considered unlikely that this would lead to population-level effects due to the small
area affected on any one day in comparison to the large extent of similar habitat
available elsewhere (Annex 5.2.1: Benthic Subtidal and Intertidal Ecology Technical
Report).
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4.6.179 Empirical evidence for the effect of offshore wind farm construction on seals comes
from studies at Horns Rev offshore wind farm in Denmark. This study on harbour seal
showed that, although the proportion of time seals spent within the wind farm
boundary during construction was reduced compared to baseline levels, animals
were frequently observed in the area and continued to forage at their preferred
habitat (Tougaard et al., 2003). This corroborates findings from seismic research that
demonstrates that seals may be tolerant of loud noise pulses, particularly if attracted
to the area for feeding or reproduction (Richardson et al., 2005). However, in close
proximity, grey seal are more likely to exhibit strong avoidance behaviour as
demonstrated by a controlled experiment on the effects of seismic surveys whereby
grey seal changed from making foraging dives to v-shaped transiting dives to move
away from the source (Thompson et al., 1998).

4.6.183 It is possible that grey seal from these designated sites may occur within Subzone 2,
either on-route or actively using the area for foraging, however, the effects of noise
disturbance are predicted to be highly localised (within 2 km of the piling location) and
temporary, with potential for full recovery to baseline levels.
4.6.184 An assessment of the potential effects for grey seal, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

4.6.180 Grey seal, an internationally important VER, is therefore considered to be of low to
medium vulnerability over the duration of the piling activity with the potential for high
recovery following cessation of the piling. Therefore, the sensitivity is assessed as
being low.
Significance of effect
4.6.181 Piling will result in a medium term disturbance to grey seals over a maximum duration
of 1.32 years phased over a five year construction period. Due to the low magnitude
(very localised and intermittent frequency) of the impact, and the low sensitivity of
grey seals in this context, the short to medium term effects are of minor adverse
significance and therefore not significant in EIA terms. Full recovery to baseline levels
is predicted and consequently no significant long term effects are concluded for grey
seal.
Grey seal as a feature of European sites
4.6.182 Grey seal are a primary reason for designation for the Berwickshire and North
Northumberland Coast SAC (242 km to the north of Subzone 2), and is listed as a
qualifying feature for the Humber Estuary SAC (89 km west of Subzone 2)
(paragraph 4.5.33). These SACs support two of the largest grey seal breeding
colonies in the UK (Thomson and Duck, 2010). Individuals from these colonies
regularly pass through the Project Two marine mammal study area during offshore
trips (SMRU, 2011 and Figure 4.22 Annex 5.4.1: Marine Mammal Technical Report).
Grey seal are also listed as a primary reason for selection of two European sites
within Dutch waters, the Noordzeekustzone SAC and the Noordzeekustzone pSCI,
which are located approximately 192 km to the east of Subzone 2; and as a qualifying
feature of the Klaverbank and Dutch Doggersbank SCIs, (50 km and 62 km from
Subzone 2, respectively), also in Dutch waters.
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Table 4.36

Summary of number of grey seal individuals potentially affected by piling noise based on a single piling scenario and a concurrent piling scenario (with a vessel
separation distance of 20 km) at different hammer energies. Numbers affected were compared to the South-east England Management Unit (MU) reference population2
and Humber Estuary SAC population2 (IAMMWG, 2013).
1,200 kJ 1

Impact criterion

Number
of
animals

1,700 kJ 1

% Reference population2
MU
population

SAC
population

0.09

0.001

0.001

0.73

0.007

0.12

0.76

Number
of
animals

2,300 kJ 1

% Reference population2
MU
population

SAC
population

0.09

0.0009

0.001

0.010

0.73

0.007

0.001

0.002

0.12

0.01

0.011

0.76

Number
of
animals

3,000 kJ 1

% Reference population2
MU
population

SAC
population

0.16

0.002

0.002

0.010

1.29

0.012

0.0012

0.002

0.21

0.01

0.011

1.35

Number
of
animals

% Reference population2
MU
population

SAC
population

0.16

0.002

0.002

0.019

1.29

0.012

0.019

0.002

0.003

0.21

0.002

0.003

0.01

0.019

1.35

0.01

0.019

Single Piling Scenario
Site-specific data
TTS/fleeing/avoidance
171 dB
SMRU at-sea data
TTS/fleeing/avoidance
171 dB

Concurrent Piling Scenario
Site-specific data
TTS/fleeing/avoidance
171 dB
SMRU at-sea data
TTS/fleeing/avoidance
171 dB
1

The number of animals affected and percentage of reference population(s) are the same for the 1,200 and 1,700 kJ hammer energies and for the 2,300 kJ and 3,000 kJ hammer energies, as the
maximum impact range (and therefore area of effect) for each two of the pair of hammer energies is the same (Table 4.35).
2

Population estimates are based on a maximum of 10,350 (South-east England MU reference population) and minimum of 6,943 (local breeding population of the Humber Estuary SAC) individuals
(Table 4.7).
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Figure 4.27

Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on grey seal density data (animals km-2) derived from the site-specific survey data. The concurrent piling locations were chosen as those overlying the
area of greatest density.
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Figure 4.28

Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on grey seal density data (animals km-2) derived from the SMRU at-sea modelled density data. The concurrent piling locations were chosen as those
overlying the area of greatest density.
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Harbour seal
Magnitude of impact
4.6.185 The modelled hammer energies showed that the potential for physical injury or
permanent auditory injury in harbour seal is localised with effects only occurring out
to a maximum of 500 m from the source (Table 4.35).
4.6.186 Beyond this distance, out to a maximum of 2.0 km, temporary auditory impairment
can occur and noise levels sufficient to cause TTS may elicit a fleeing response in
seals (Table 4.37 and Figure 4.29). The range of effects will therefore be confined
mainly to within the Project Two marine mammal study area.
4.6.187 As described previously (paragraph 4.6.160), due to the uncertainties in the
assumptions about how seals react to underwater noise, it was not considered a
scientifically robust approach to use the cumulative SEL dose to predict the distance
over which auditory injury may occur and therefore only the criteria in Table 4.35
were assessed in this chapter. The approach to assessing impacts of auditory injury
on seals using instantaneous PTS is still considered to be precautionary for the
purposes of this assessment.
4.6.188 The impact is predicted to be of local spatial extent, intermittent (during pile driving
activity) and reversible. Based on the worst case temporal scenario for a single piling
vessel, piling would occur for an accumulated total of 1.32 years phased over a five
year construction piling period. It is predicted that the impact will affect harbour seal
directly and the magnitude is considered to be low.
Sensitivity of receptor
4.6.189 The modelled noise contours from the 1,200 to 3,000 kJ hammer energies were
overlaid on the site-specific visual data and the SMRU modelled at-sea densities
based on telemetry and aerial surveys (Figure 4.29 and Figure 4.30).
4.6.190 For the spatial maximum adverse scenario, the number of harbour seal affected by
noise levels sufficient to elicit the TTS/fleeing response, as calculated from the sitespecific density data was relatively small, with a maximum of 0.46 animals affected,
accounting for only 0.013% of the South-east England MU population (Table 4.37).
SMRU modelled at-sea densities provided a greater predicted effect with a maximum
of 0.8 animals affected by TTS/fleeing, accounting for 0.023% of the South-east
England MU population (Table 4.37).
4.6.191 For the temporal maximum adverse scenario the number of animals potentially
affected for possible avoidance based on the higher values for the SMRU at-sea
density data would be 0.44 individuals (0.012% of the MU reference population) for
single piling (Table 4.37). Site-specific data predicts lower numbers affected with 0.23
animals affected on any one day during piling, accounting for 0.006% of the MU
reference population.

4.6.192 The main harbour seal haul-out in The Wash lies approximately 90.5 km from
Subzone 2. It is therefore considered unlikely that individuals hauled-out will be
disturbed or displaced during piling operations. The most likely effect will therefore be
displacement from a small area of their habitat at sea, which has been estimated for
pinnipeds as a maximum of approximately 12.57 km2 for a single pile and 25.14 km2
for concurrent piling. As described for grey seal, there may be energetic costs of
displacement due to increased swimming distances if seals have to deviate from their
course around the zone of disturbance, or reduced foraging due to densitydependant competition in alternative foraging areas. However, due to the very small
extent of habitat affected compared to the availability of similar suitable habitat in the
wider area, it is considered unlikely that there will be any population-level effects
(Annex 5.2.1: Benthic Subtidal and Intertidal Ecology Technical Report).
4.6.193 As already discussed for harbour porpoise (paragraphs 4.6.89), the ecological effect
of TTS depends on the magnitude of the TTS, its duration (depending on the
exposure duration), the recovery time after the exposure stopped and the frequency
at which hearing is affected and whether this frequency is important. Studies of TTS
in harbour seals by Kastelein et al. (2012b), where two animals were exposed to a
continuous one-octave white noise, observed that their hearing was more affected
(i.e., greater level of TTS) at 4 kHz than at 5.7 kHz.
4.6.194 Further empirical studies on TTS in seals have concluded that even within the range
of audibility, harbour seal may continue to forage, possibly because the drive to do so
would overcome any hearing discomfort that they may experience (paragraph
4.6.166). In addition, because harbour seal possess extremely sensitive vibrissae
(whiskers) they have the ability to track prey using the hydrodynamic trails they emit
(Dehnhardt et al., 2001) and discriminate between different sized or shaped objects
(Wieskotten et al., 2011). Therefore, temporary reduction in their hearing capabilities
is less likely to affect pinnipeds during foraging compared with cetaceans, which rely
more heavily on their hearing during foraging.
4.6.195 Any effects that do occur are considered likely to be reversible following cessation of
the piling. Evidence for this comes from a recent population modelling study for the
effects of piling at the Moray Firth and Beatrice proposed offshore wind farms on
harbour seal (Thompson et al., 2013). This study looked at the long-term effects on
the population as a result of short to medium-term decreases in the population,
including both potential mortality of animals exposed to noise levels that would induce
PTS and behavioural displacement. The results of the modelling showed that over a
25 year period, even with considerable reductions in the population during the piling
phase, for all worst case spatial and temporal scenarios, and for cumulative effects
from both wind farms piling concurrently, the population of harbour seals would
recover in the long term.
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4.6.196 Harbour seal, an internationally important VER, is therefore considered to be of
low/medium vulnerability due to the very small numbers potentially affected over the
duration of the piling activity with the potential for high recovery following cessation of
the piling. Therefore, the sensitivity is assessed as being low.
Significance of effect
4.6.197 Piling will result in a medium term disturbance to grey seals over an accumulated
duration of up to 1.32 years phased over a five year construction piling period. Due to
the low magnitude (very localised and intermittent frequency) of the impact, and the
low sensitivity of harbour seals in this context, the medium term effects are of minor
adverse significance and are therefore not significant in EIA terms. Full recovery to
baseline levels is predicted and therefore no significant long term effects are
concluded for harbour seal.
Harbour seal as a feature of European sites
4.6.198 Harbour seal are a primary reason for designation for The Wash and North Norfolk
SAC (90 km to the west of Subzone 2), which supports the largest colony of harbour
seal in the UK (paragraph 4.5.33). Harbour seal within this SAC have been reported
to spend up to 50% of their time hauled out, however individuals from this SAC have
been recorded regularly in the Project Two marine mammal study area during
foraging trips (SMRU, 2011; English Nature, 2000). Harbour seal are also listed as a
qualifying feature of the Klaverbank and Dutch Doggersbank SCIs, (50 km and 62 km
from Subzone 2, respectively), in Dutch waters.
4.6.199 It is possible that harbour seal from these designated sites may occur within
Subzone 2, either on-route or actively using the area for foraging, however, the
effects of noise disturbance are predicted to be highly localised (within 2 km of the
piling location) and temporary, with potential for full recovery to baseline levels.
4.6.200 An assessment of the potential effects for harbour seal, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
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Table 4.37

Summary of number of harbour seal individuals potentially affected by piling noise based on a single piling scenario and a concurrent piling scenario (with a vessel
separation distance of 20 km) at different hammer energies. Numbers affected were compared to the South-east England Management Unit (MU) reference population of
3,567 (IAMMWG, 2013).
1,200 kJ

Impact criterion

Number of
animals

% Reference
population 1

1,700 kJ
Number of
animals

% Reference
population 1

2,300 kJ
Number of
animals

% Reference
population 1

3,000 kJ
Number of
animals

% Reference
population 1

Single Piling Scenario
Site-specific data
TTS/fleeing/avoidance 171 dB

0.23

0.006

0.23

0.006

0.38

0.011

0.38

0.011

0.44

0.012

0.44

0.012

0.78

0.022

0.78

0.022

0.27

0.008

0.27

0.008

0.46

0.013

0.46

0.013

0.45

0.013

0.45

0.013

0.80

0.023

0.80

0.023

SMRU at-sea data
TTS/fleeing/avoidance 171 dB
Concurrent Piling Scenario
Site-specific data
TTS/fleeing/avoidance 171 dB
SMRU at-sea data
TTS/fleeing/avoidance 171 dB
1

The number of animals affected and percentage of reference population(s) are the same for the 1,200 and 1,700 kJ hammer energies and for the 2,300 kJ and 3,000 kJ hammer energies, as the
maximum impact range (and therefore area of effect) for each two of the pair of hammer energies is the same (Table 4.35).
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Figure 4.29

Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on harbour seal density data (animals km-2) derived from the site-specific survey data. The concurrent piling locations were chosen as those overlying the
area of greatest density.
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Figure 4.30

Noise contour map showing potential impact range for piling at 1,200 kJ, 1,700 kJ, 2,300 kJ and 3,000 kJ hammer energies using two vessels separated by a distance of
20 km overlaid on harbour seal density data (animals km-2) derived from the SMRU at-sea modelled density data. The concurrent piling locations were chosen as those
overlying the area of greatest density.
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Underwater noise from foundation piling and other construction activities (e.g., drilling
of piles) for the offshore HVAC reactive compensation substation may cause physical
injury or disturbance to marine mammals.
4.6.201 Underwater noise from foundation piling of the two offshore HVAC reactive
compensation substations along the cable route corridor was modelled using the
same assumptions as for the turbine foundations (paragraph 4.6.53 et seq.). The
maximum adverse case spatially is based on pile driving for two jacket foundations
(i.e., up to 16 piling events; eight piles for each foundation) using a hammer energy of
2,300 kJ.
4.6.202 As described previously, the calculation of numbers of each species affected was
based on extrapolation using the site-specific data for harbour porpoise, whitebeaked dolphin and minke whale (paragraph 4.6.60 et seq.). For pinnipeds, the
SMRU modelled at-sea densities were used to estimate the numbers of grey and
harbour seal affected as site-specific data was not collected along the extent of the
cable route corridor.
Harbour porpoise
Magnitude of impact
4.6.203 Instantaneous auditory injury is predicted to occur in the immediate vicinity of the
piling activity, out to a maximum distance of 1 km based on a single hammer strike at
the maximum hammer energy of 2,300 kJ that will be used to pile substations. Project
design mitigation, by means of a 30 minute soft start, will considerably reduce the
range of effects to within 500 m and therefore PTS can be avoided through standard
mitigation measures, such as the use of marine mammal observers (MMOs) and
passive acoustic monitoring (PAM) prior to commencement of piling.
4.6.204 The noise modelling predicted that TTS/fleeing response could occur out to a
maximum of 6 km whilst possible avoidance may extend up to 37 km for the
maximum hammer energy of 2,300 kJ (Table 4.38; Figure 4.31). Piling at the two
offshore HVAC reactive compensation substations will occur over a total period of
eight days within a six month piling phase (Table 4.17).
4.6.205 The impact is predicted to be of local to regional spatial scale, short term (maximum
of eight days piling completed within a six month piling phase) and reversible. It is
predicted that the impact will affect harbour porpoise directly and the magnitude is
therefore, considered to be low.

Table 4.38

Summary of harbour porpoise minimum and maximum impact range
estimates for pile driving during installation of the offshore HVAC reactive
compensation substations. Ranges are based on transects modelled over
gravelly sand substrate.

Impact criterion

Estimated impact range for harbour porpoise (mid-water) for a
range of hammer energies 2
600 kJ 3

1,200 kJ 3

1,700 kJ 3

Instantaneous
injury/PTS
(pulse SEL 179 dB re
1 μPa2·s)1

<500 m (2)

<500 m (2)

<1 km (2)

TTS/fleeing response
(pulse SEL 164 dB re
1 μPa2·s)1

~2.5 km

~3 to 4 km

~4 to 5 km

Possible avoidance of
area
(pulse SEL 145 dB re
1 μPa2·s)1

~16 to 23 km

~19 to 32 km

~20 to 34 km

1

2,300 kJ 3

<1 km (2)

~4 to 6 km

~21 to 37 km

Lucke et al. (2009).

2

<500 m impact range mitigated by mitigation zone; <1 km mitigated by soft-start. Note that
impact ranges are rounded up to the nearest 500 m (see Annex 4.3.2: Subsea Noise Technical
Report).
3

Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (2,300 kJ for substations and platforms). Impact ranges are
also presented for the soft-start (600 kJ) and the first hammer energy following the soft-start
(1,200 kJ).

Sensitivity of receptor
4.6.206 The number of harbour porpoise potentially affected by TTS/fleeing and behavioural
avoidance, based on the noise contours overlaid on the areas of highest
(extrapolated) density is summarised in Table 4.39. Extrapolation using visual and
acoustic data provided similar estimates of the number of harbour porpoise affected,
with an estimate of 6,754 to 9,290 animals within the zone of possible avoidance
(maximum numbers based on the acoustic data), accounting for 2.97 to 4.09% of the
reference population (Table 4.39).
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4.6.207 The sensitivity of harbour porpoise to pile driving during construction was described
previously (paragraph 4.6.87 et seq.). Based on the recent studies by Brandt et al.
(2011) it is unlikely that all individuals within the area of possible avoidance will be
behaviourally displaced and harbour porpoise is likely to return to the area fairly
rapidly following cessation of piling. In addition, the sensitivity to piling at the reactive
station will be considerably less than that predicted for the turbine foundation piling
since the duration of each piling event is only up to 11.3 hours (i.e., up to 8 days
hours total pile driving time for 16 piles for the two HVAC reactive compensation
substations).
4.6.208 Given the very short duration of the piling at these locations, harbour porpoise, an
internationally important VER, is considered to be of low to medium vulnerability over
the duration of the two offshore HVAC reactive compensation substation piling with
the potential for high recovery following cessation of the piling. Therefore, the
sensitivity is assessed as being low to medium.
Table 4.39

4.6.209 Piling will result in a very short term (maximum of eight days), negative effect of
minor adverse significance, with the potential for high recovery to baseline levels
immediately following piling. The effects are not significant in EIA terms.
4.6.210 An assessment of the potential effects for harbour porpoise, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

Summary of number of harbour porpoise individuals potentially affected by
piling noise based on a single piling scenario at different hammer energies
during installation of the offshore HVAC reactive compensation
substations. Numbers affected were compared to the North Sea
Management Unit (MU) reference population of 227,298 (IAMMWG, 2013).
1,200 kJ

1,700 kJ

2,300 kJ

Number
of
affected
animals

%
Reference
population

Number
of
affected
animals

%
Reference
population

Number
of
affected
animals

%
Reference
population

TTS/fleeing
164 SEL

103

0.045

153

0.067

196

0.086

Possible
Avoidance
145 SEL

4,187

1.842

5,102

2.244

5,918

2.604

TTS/fleeing
164 SEL

171

0.075

255

0.112

325

0.143

Possible
Avoidance
145 SEL

6,754

2.971

8,117

3.571

9,290

4.087

Impact
criterion

Significance of effect

Visual

Acoustic
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Figure 4.31 Potential impact range for piling at 2,300 kJ hammer energy at one of the offshore HVAC reactive compensation substations overlaid on the harbour porpoise site-specific
acoustic data.
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4.6.212 Both the PTS and TTS/fleeing response would occur within the 500 m mitigation zone
and therefore no negative effects on white-beaked dolphin are predicted for these
noise criteria. The assessment therefore focuses on the possible behavioural impacts
for the 170 and 160 dB re 1 μPa2·s noise criteria.

White-beaked dolphin
Magnitude of impact
4.6.211 Instantaneous auditory injury in white-beaked dolphin is predicted out to a maximum
of 500 m from the source based on piling using the 2,300 kJ hammer energy (Table
4.40). The noise modelling predicted that TTS/fleeing could occur out to a distance of
<500 m whilst likely avoidance (by all individuals) could occur out to 2.5 km. Beyond
this distance there would be a proportionate response with some, but not all,
individuals avoiding the area out to a distance of 9 km (Table 4.40; Figure 4.32).
Table 4.40

Summary of white-beaked dolphin minimum and maximum impact range
estimates for pile driving during installation of the two offshore HVAC
reactive compensation substations. Ranges are based on transects
modelled over gravelly sand substrate.

Impact criterion

Estimated impact range for white-beaked dolphin (mid-water)
for a range of hammer energies 4
600 kJ 5

1,200 kJ 5

1,700 kJ 5

2,300 kJ 5

Instantaneous
injury/PTS
(Mmf weighted 198 dB re
1 μPa2·s)1

<500 m

<500 m

<500 m

<500 m

TTS/fleeing response
(Mmf weighted 183 dB re
1 μPa2·s)2

<500 m

<500 m

<500 m

<500 m

Likely avoidance of area
(pulse SEL 170 dB re 1
μPa2·s)3

~1.0 to 1.5 km

~2.0 km

~2.0 to 2.5 km

~2.5 km

Possible avoidance of
area
(pulse SEL 160 dB re 1
μPa2·s)3

4.6.213 Piling at the two offshore HVAC reactive compensation substations will occur over a
total period of eight days (i.e., four days for each substation) within a six month piling
phase (Table 4.17).
4.6.214 The impact is predicted to be of local spatial scale, short term (maximum of eight
days piling completed within a six month piling phase) and reversible. It is predicted
that the impact will affect white-beaked dolphin directly and the magnitude is
considered to be low.
Sensitivity of receptor
4.6.215 The number of white-beaked dolphin that fall within the noise contours for likely
avoidance and possible avoidance is very small. Based on the precautionary
approach adopted in this impact assessment it has been estimated that only one
animal (a mean of 1.30 animals) would be affected by possible disturbance over the
whole area of potential impact (Table 4.41).This estimate accounts for approximately
0.008 % of the reference population.
4.6.216 The sensitivity of white-beaked dolphin to piling noise is described in paragraph
4.6.128. The evidence suggests that this species, as a mid-frequency cetacean, is
likely to be less sensitive to behavioural displacement than high-frequency or lowfrequency cetaceans.
4.6.217 White-beaked dolphin, a nationally important VER, is considered to be of low
vulnerability, since small numbers would be affected over the duration of the piling
activity, and there is potential for high recovery following cessation of the piling.
Therefore, the sensitivity is assessed as being low.
Significance of effect

~3.0 to 5 km

~5 to 7 km

1

Southall et al. (2007) Injury Criteria.

2

Southall et al. (2007) Single pulse behavioural disturbance.

~5 to 8 km

~6 to 9 km

4.6.218 Piling will result in a very short term (maximum of eight days) negative effect of minor
adverse significance, with the potential for high recovery to baseline levels
immediately following piling. The effects are not significant in EIA terms.

3

Southall et al. (2007) Multiple pulses severity scoring behavioural disturbance (RMS SPL
converted to pulse SEL by subtraction of 10 dB).
4

<500 m impact range mitigated by mitigation zone.

5

Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (2,300 kJ for substations and platforms). Impact ranges are
also presented for the soft-start (600 kJ) and the first hammer energy following the soft-start
(1,200 kJ).
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Table 4.41

Summary of number of white-beaked dolphin individuals potentially
affected by piling noise based on a single piling scenario at different
hammer energies during installation of the offshore HVAC reactive
compensation substations. Numbers affected were compared to the British
and Irish Waters (BI) Management Unit (MU)reference population of 15,895,
(IAMMWG, 2013).
1,200 kJ

Impact
criterion

1,700 kJ

2,300 kJ

Number
of
animals

%
Reference
population

Number
of
animals

%
Reference
population

Number
of
animals

%
Reference
population

Likely
avoidance
170 dB

0.06

0.0004

0.09

0.0005

0.12

0.0008

Possible
avoidance
160 dB

0.73

0.0046

1.02

0.0064

1.30

0.0081
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Figure 4.32 Potential impact range for piling at 1,200, 1,700 and 2,300 kJ hammer energies at one of the offshore HVAC reactive compensation substations overlaid on the whitebeaked dolphin site-specific data.
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Minke whale
Magnitude of impact
4.6.219 Instantaneous auditory injury and TTS/fleeing response in minke whale is predicted
to be localised and within the 500 m mitigation zone (Table 4.42). However,
behavioural disturbance could occur over a much larger scale, with likely avoidance
of all animals out to a maximum distance of 21 km and possible avoidance out to a
maximum distance of 50 km (Table 4.42; Figure 4.33).
Table 4.42

Summary of minke whale minimum and maximum impact range estimates
for pile driving during installation of the offshore HVAC reactive
compensation substations. Ranges are based on transects modelled over
gravelly sand substrate.

Impact criterion

Estimated impact range for minke whale (mid-water) for a
range of hammer energies 4
600 kJ 5

1,200 kJ 5

1,700 kJ 5

2,300 kJ 5

Instantaneous injury/PTS
(Mmf weighted 198 dB re 1
μPa2·s)1

<500 m

<500 m

<500 m

<500 m

TTS/fleeing response
(Mmf weighted 183 dB re 1
μPa2·s)2

<500 m

<500 m

<500 m

<500 m

Likely avoidance of area
(pulse SEL 152 dB re 1
μPa2·s)3

~8 to 11 km

~9 to 17 km

~14 to 19 km

~15 to 21 km

Possible avoidance of area
(pulse SEL 142 dB re 1
μPa2·s)3

~19 to 32 km

~22 to 37 km

~23 to 41 km

~25 to 50 km

1

Southall et al. (2007) Injury Criteria.

2

Southall et al. (2007) Single pulse behavioural disturbance.

3

Southall et al. (2007) Multiple pulses severity scoring behavioural disturbance (RMS SPL
converted to pulse SEL by subtraction of 8 dB).
4

<500 m impact range mitigated by mitigation zone.

5

Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (2,300 kJ for substations and platforms). Impact ranges are
also presented for the soft-start (600 kJ) and the first hammer energy following the soft-start
(1,200 kJ).

4.6.220 Piling at the two offshore HVAC reactive compensation substations will occur over a
total period of eight days (i.e., four days for each substation) phased over a six month
piling period (Table 4.17).The impact is predicted to be of local to regional spatial
scale, short term and reversible. It is predicted that the impact will affect minke whale
directly. Although a potentially large area could be affected, the duration is over a
limited temporal scale and therefore the magnitude is considered to be low.
Sensitivity of receptor
4.6.221 Piling at the offshore HVAC reactive compensation substation locations has the
potential to displace less than four individuals from the area, with a proportionate
avoidance response exhibited by less than 19 individuals (Table 4.43). Therefore,
during piling works, 0.016% of the BI MU reference population of minke whale is
likely to be displaced up to 21 km from the source and 0.081% of the MU population
may show possible avoidance up to 50 km from the source (Table 4.43).
4.6.222 As discussed previously (paragraph 4.6.146), whilst calculations based on relative
abundance may lead to an underestimate of the numbers potentially affected, the
approach adopted throughout this impact assessment is precautionary and therefore
the estimates are considered to be representative of the number of animals affected.
Comparison of numbers affected using the average SCANS-II density estimate for
Block U (0.023 animals km-2) to calculate the total numbers affected within the zones
of likely and possible avoidance gives values of 25.5 (0.11%) and 106 (0.45%)
individuals, respectively). These are much higher compared with the numbers derived
using the site-specific relative density estimates. However, as described in paragraph
4.6.147 these higher densities are based on summer surveys when numbers are
higher, whereas the site-specific density estimates are based on a year-round
average. The Project Two marine mammal study area is also at the southern limit of
minke whale distribution (Figure 4.19 of Annex 5.4.1: Marine Mammal Technical
Report; SCANS-II, 2006), so the densities could arguably be expected to be lower
here when compared to SCANS Block U (which includes the much higher densities
observed in the northern area of Block U). Although it is considered more appropriate
to use the densities from the site-specific surveys in this assessment, use of the
SCANS-II data also results in a small percentage of the MU reference population
affected (0.11% and 0.45% for likely and possible avoidance, respectively).
Furthermore, the duration of piling at the HVAC reactive compensation substations
within the cable route corridor is very short, totalling four days per substation.
4.6.223 The sensitivity of minke whale is discussed above (paragraph 4.6.137 et seq.) with
the most severe effects described including detours from migration routes and
possible displacement from foraging grounds over the duration of the piling
sequence. However, the sensitivity of minke whale to piling at the reactive station will
be considerably less than that predicted for the turbine foundation piling since the
duration of the piling is over a short duration (maximum eight days).
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Table 4.43

Summary of number of minke whale individuals potentially affected by
piling noise based on a single piling scenario at different hammer energies
during installation of the offshore HVAC reactive compensation
substations. Numbers affected were compared to the British and Irish
Waters (BI) Management Unit (MU) reference population of 23,163
(IAMMWG, 2013).
1,200 kJ

Impact
criterion

1,700 kJ

2,300 kJ

Number
of
animals

%
Reference
population

Number
of
animals

%
Reference
population

Number
of
animals

%
Reference
population

Likely
avoidance
152 dB

2

0.009

3

0.013

4

0.016

Possible
avoidance
142 dB

11

0.048

14

0.063

19

0.081

4.6.224 Given the very short duration of the piling activity at this locale, minke whale, an
internationally important VER, is considered to be of low to medium vulnerability over
the duration of the two offshore HVAC reactive compensation substations piling
activity with the potential for high recovery following cessation of the piling. Therefore,
the sensitivity is assessed as being low to medium.
Significance of effect
4.6.225 Piling will result in a very short term (maximum of eight days piling)negative effect of
minor adverse significance, with the potential for high recovery to baseline levels
immediately following piling. The effects are not significant in EIA terms.
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Figure 4.33 Potential impact range for piling at 1,200, 1,700 and 2,300 kJ hammer energies at one of the offshore HVAC reactive compensation substations overlaid on the minke whale
site-specific data.
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Sensitivity of receptor

Grey seal
Magnitude of impact
4.6.226 Instantaneous auditory injury in grey seal is predicted to be highly localised with PTS
occurring out to a maximum of <500 m from the piling source (Table 4.44). This falls
within the 500 m mitigation zone and therefore no effect on grey seals is predicted.
4.6.227 The potential for temporary hearing loss, at noise levels likely to elicit a fleeing
response are also predicted to be fairly localised to within 2.0 km of the piling source
(Table 4.44).
4.6.228 The impact is predicted to be of local spatial scale, short term, (four days for each
substation phased over six months), and reversible. It is predicted that the impact will
affect grey seal directly and the magnitude is therefore, considered to be low.
Table 4.44

Summary of pinniped impact range estimates for pile driving during
installation of the offshore HVAC reactive compensation substation.

Impact criterion

Estimated impact range for pinnipeds (mid-water) for a
range of hammer energies 3
600 kJ 4

1,200 kJ 4

1,700 kJ 4

2,300 kJ 4

Instantaneous injury/PTS
(Mpw weighted 186 re 1
μPa2·s)1

<500 m

<500 m

<500 m

< 500 m

TTS/fleeing response
(Mpw weighted 171 dB
re 1 μPa2·s)2

<1.0 km

<1.5 km

<1.5 km

< 2 km

1

Southall et al. (2007) Injury Criteria.

2

Southall et al. (2007) Single pulse behavioural disturbance.

4.6.229 During piling, up to 1.07 individuals may be behaviourally displaced, avoiding the
area of impact out to approximately 2 km from the source (Table 4.45; Figure 4.34).
These numbers are based on SMRU at-sea modelled density estimates as there is
no site-specific data for the cable route corridor. This equates to just 0.01% of the
South-east England MU reference population and 0.015% of the Humber Estuary
SAC local breeding population.
4.6.230 The zone of noise disturbance for grey seal does not extend as far as their haul-out
locations, the closest of which (Donna Nook) lies 53.5 km from the offshore HVAC
reactive compensation substations. Therefore, the effects predicted are behavioural
displacement of grey seal at sea over a small area of their habitat.
4.6.231 Whilst there may be some energetic costs of displacement if animals have to swim
longer distances to avoid areas of disturbance, grey seal may also be tolerant of loud
noises during foraging. In addition, the area of disturbance is very small in
comparison to the extent of available habitat elsewhere, suggesting that individuals
will be able to continue foraging and there are unlikely to be any population-level
effects.
4.6.232 Grey seal, an internationally important receptor, is therefore considered to be of low
vulnerability over the duration of the offshore HVAC reactive compensation
substation piling activity since small numbers are affected over a short duration with
the potential for high recovery following cessation of the piling. Therefore, the
sensitivity is assessed as being low.

3

<500 m impact range mitigated by mitigation zone.

4

Hammer energies representing the temporal maximum adverse scenario (1,700 kJ) and the
spatial maximum adverse scenario (2,300 kJ for substations and platforms). Impact ranges are
also presented for the soft-start (600 kJ) and the first hammer energy following the soft-start
(1,200 kJ).
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Table 4.45

Number of grey seal individuals potentially affected based on a single piling scenario at different hammer energies during installation of the two offshore HVAC reactive
compensation substations. Numbers affected were based on the SMRU at-sea modelled density estimates and were compared to the South-east England Management
Unit (MU) reference population2 and Humber Estuary SAC population2 (IAMMWG, 2013).
1,200 kJ 1

Impact criterion

1,700 kJ 1

% Reference population 2
Number of
animals

MU population

SAC
population

2,300 kJ 1

% Reference population 2
Number of
animals

MU
population

SAC
population

% Reference population 2
Number of
animals

MU
population

SAC
population

SMRU at-sea data
TTS/fleeing/avoidance 171
dB

0.60

0.006

0.009

0.60

0.006

0.009

1.07

0.010

0.015

1

The number of animals affected and percentage of reference population(s) are the same for the 1,200 and 1,700 kJ hammer energies as the maximum impact range (and therefore area of effect)
is the same (Table 4.44).
2

Population estimates are based on a maximum of 10,350 (South-east England MU reference population) and minimum of 6,943 (local breeding population of the Humber Estuary SAC) individuals
(Table 4.7).

Significance of effect
4.6.233 Piling will result in a very short term (maximum of eight days piling), negative effect of
minor adverse significance, with the potential for high recovery to baseline levels
immediately following piling. The effects are not significant in EIA terms.

4.6.236 An assessment of the potential effects for grey seal, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

Grey seal as a feature of European sites
4.6.234 Grey seal are a primary reason for designation for the Berwickshire and North
Northumberland Coast SAC (242 km to the north of Subzone 2), and is listed as a
qualifying feature for the Humber Estuary SAC (89 km west of Subzone 2)
(paragraph 4.5.33). Grey seal are also listed as a primary reason for selection of two
European sites within Dutch waters, the Noordzeekustzone SAC and the
Noordzeekustzone pSCI, which are located approximately 192 km to the east of
Subzone 2; and as a qualifying feature of the Klaverbank and Dutch Doggersbank
SCIs, (50 km and 62 km from Subzone 2, respectively), also in Dutch waters.
4.6.235 It is possible that grey seal from these designated sites may occur pass through the
cable route corridor, either on-route or actively using the surrounding area for
foraging, (SMRU, 2011 and Figure 4.22 Annex 5.4.1: Marine Mammal Technical
Report); however, the effects of noise disturbance are predicted to be highly localised
(within 2 km of the piling location) and temporary, with potential for full recovery to
baseline levels.
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Figure 4.34 Potential impact range for piling at 1,200, 1,700 and 2,300 kJ hammer energies at one of the offshore HVAC reactive compensation substations overlaid on the grey seal
SMRU at-sea modelled density data.
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Harbour seal
Magnitude of impact
4.6.237 Instantaneous auditory injury for harbour seal is predicted to be highly localised with
PTS occurring out to a maximum of <500 m from the piling source (Table 4.44). This
falls within the 500 m mitigation zone and therefore no effect on harbour seals is
predicted.
4.6.238 The potential for temporary hearing loss, at noise levels likely to elicit a fleeing
response are also predicted to be fairly localised to within 2.0 km of the piling source
(Table 4.44; Figure 4.35).
4.6.239 The impact is predicted to be of local spatial scale, short term (four days for each
substation phased over six months) and reversible. It is predicted that the impact will
affect harbour seal directly. The magnitude is therefore, considered to be low.
Sensitivity of receptor
4.6.240 The number of harbour seal potentially affected by TTS/fleeing, estimated using the
SMRU at-sea modelled density map, was calculated as approximately 6.86
individuals (Table 4.46). This equates to 0.19% of South-east England MU reference
population.

Table 4.46

4.6.241 The main harbour seal haul-out in The Wash lies approximately 91 km from the
offshore HVAC reactive compensation substation and therefore it is considered
unlikely that individuals hauled-out will be disturbed or displaced during the piling
works. Therefore, the predicted effect is behavioural disturbance of harbour seal at
sea, of up to 2 km from the piling source over eight days completed within a six
month piling phase.
4.6.242 As described previously (paragraph 4.6.179), there may be energetic costs of
displacement due to increased swimming distances if seals have to deviate from their
course around the zone of disturbance, or reduced foraging due to densitydependant competition in alternative foraging areas. However, due to the very small
extent of habitat affected compared to the availability of similar suitable habitat in the
wider area, it is considered unlikely that there will be any population-level effects.
4.6.243 Harbour seal, an internationally important VER, is therefore considered to be of low
vulnerability over the duration of the piling activity along the cable route corridor since
small numbers are affected over a short duration (maximum of eight days piling) with
the potential for high recovery following cessation of the piling. Therefore, the
sensitivity is assessed as being low.
Significance of effect
4.6.244 Piling will result in a very short term (maximum of eight days), negative effect of
minor adverse significance, with the potential for high recovery to baseline levels
immediately following piling. The effects are not significant in EIA terms.

Number of harbour seal individuals potentially affected based on a single piling scenario at different hammer energies during installation of the two offshore HVAC
reactive compensation substations. Numbers affected were based on the SMRU at-sea modelled density estimates and were compared to the South-east England
Management Unit (MU) reference population of 3,567 (IAMMWG, 2013).
1,200 kJ 1

1,700 kJ 1

2,300 kJ 1

Impact criterion
Number of animals

% Reference population

Number of animals

% Reference population

Number of animals

% Reference population

3.86

0.11

3.86

0.11

6.86

0.19

SMRU at-sea data
TTS/fleeing/avoidance 171 dB
1

The number of animals affected and percentage of reference population(s) are the same for the 1,200 and 1,700 kJ hammer energies as the maximum impact range (and therefore area of effect)
is the same (Table 4.44).
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Figure 4.35 Potential impact range for piling at 1,200, 1,700 and 2,300 kJ hammer energies at one of the offshore HVAC reactive compensation substations overlaid on the harbour
seal SMRU at-sea modelled density data.
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Magnitude of impact

Harbour seal as a feature of European sites
4.6.245 Harbour seal are a primary reason for designation for The Wash and North Norfolk
SAC (90.5 km to the west of Subzone 2), which supports the largest colony of
harbour seal in the UK (paragraph 4.5.33). Harbour seal are also listed as a
qualifying feature of the Klaverbank and Dutch Doggersbank SCIs, (50 km and 62 km
from Subzone 2, respectively), in Dutch waters.
4.6.246 It is possible that harbour seal from these designated sites may occur pass through
the cable route corridor, either on-route or actively using the surrounding area for
foraging, (SMRU, 2011 and Figure 4.31 Annex 5.4.1: Marine Mammal Technical
Report); however, the effects of noise disturbance are predicted to be highly localised
(within 2 km of the piling location) and temporary, with potential for full recovery to
baseline levels.
4.6.247 An assessment of the potential effects for harbour seal, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Increased vessel traffic during construction may result in an increase in noise
disturbance to marine mammals.
4.6.248 During the construction phase there is the potential for an increase in noise from
construction vessel traffic which may adversely affect marine mammal receptors.
Construction traffic includes all vessels associated with installation of the turbine
foundations and associated sub-structures and also with the installation of the interarray and export cables.
4.6.249 Information on the types and quantity of vessels associated with installation of the
turbines and substations is provided in the project description (Volume 1, Chapter 3:
Project Description). There is, however, limited specific data for noise levels from
actual cable installation activities (i.e., not attributable to the cable installation vessel
noise), and previous studies have found that the primary source of noise dominating
measurements during cable installation activities, such as trenching, dredging and
rock dumping is vessel propulsion noise (Nedwell et al., 2003; Nedwell et al., 2012).
Therefore it has been assumed that the main contributing factor to the noise level
from cable installation/protection activities is vessel noise.

4.6.250 The current level of vessel activity passing through the Project Two marine mammal
study area is 35 vessels per day passing within a 10 NM radius of Subzone 2, and
there was little season variation in vessel movements across this study area (Chapter
7: Shipping and Navigation). This equates to an annual total of 12,775 vessel
movements within a 10 NM radius of Subzone 2. During the construction period it is
anticipated that up to 6,200 vessel movements will be made in total over the offshore
construction phase (i.e., up to the maximum construction period duration of six years.
This equates to an uplift of 8.1% above baseline figures within Subzone 2 plus 10 NM
buffer.
4.6.251 Marine mammals react to the noise generated from the engine of vessels. The main
source of noise from vessels comes from propeller cavitation and for any vessel,
noise increases with speed and loading (Senior et al., 2008). In addition, noise may
also increase if boats with smaller engines are working harder to attain cruising
speed; this is particularly true of older vessels. Reactions can be at distances and are
often linked to changes in the engine and propeller speed (Richardson et al., 1995).
4.6.252 There will be a variety of vessels used in the construction phase. Larger vessels
include the jack up barges, heavy lift vessels, large cable laying vessels and prepiling vessels (in the case of jacket foundations). Smaller vessels include the anchor
handling tugs, small cable laying vessels and crew transport vessels.
4.6.253 The impact is predicted to be, for the most part, localised within Subzone 2 and along
the cable route corridor and existing shipping routes to and from ports. This impact
will be of medium term duration and intermittent over the six year offshore
construction phase. The magnitude of effect is therefore, considered to be low.
Sensitivity of receptor
4.6.254 Malme et al. (1989) and Richardson et al. (1995) report that noise levels for large
surface vessels indicate that physiological damage to marine fauna is unlikely,
although the levels may be sufficient to cause local disturbance of marine mammals
in the immediate vicinity of the vessel, depending on their sensitivity, and the ambient
noise levels. The ambient noise levels within the site would be expected to be lower
than those present in the vicinity of shipping lanes within the regional marine mammal
study area (Annex 4.3.2: Subsea Noise Technical Report).
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4.6.255 Vessel noise can affect marine mammals through 'masking', whereby vocal
communication either between individuals of the same species or during hunting for
prey may become ineffective. However, masking studies have shown that unless the
received vocalisation and masking noise come from the same direction, masking is
unlikely to occur at significant levels (Richardson et al., 1995). This is because
directional hearing, coupled with the strong directional nature of echolocation pulses,
is an important adaptation in echolocating marine mammals. As described previously
in this chapter, different species will react differently based on their hearing ability.
4.6.256 Most dolphins and porpoises are tolerant of vessel activity. Harbour porpoise, as one
of the most hearing sensitive species, generally avoids vessels, whilst other species,
such as white-beaked dolphin, are regularly sighted near vessels and may also
approach vessels (e.g., bow-riding). However, dolphins may also show avoidance
behaviours such as increased swimming speed, spatial avoidance, increased group
cohesion and longer dive duration (Miller et al., 2008). A study of bottlenose dolphins
in the Mississippi sound showed that high-speed watercraft elicits a short term
immediate response to the disturbance and suggests that repeated disturbance
events may lead to longer term population-level effects, such as reduced fecundity in
females or decreased competitive ability in males (Miller et al., 2008). However, the
evidence for long term effects was scarce and the predictions were based on limited
studies from other taxa (mainly terrestrial). Sensitivity to vessel noise is most likely
related to the dolphin activity at the time (Senior et al., 2008). For example, resting
dolphins are likely to avoid vessels, foraging dolphins will ignore them and socialising
dolphins may approach vessels (Richardson et al., 1995).
4.6.257 In general, dolphins and porpoises communicate with high frequencies and therefore
are likely to be most sensitive to outboard and high-speed engines that generate
such frequencies. They are less likely to be affected by low frequency noise
generated by slower moving vessels.
4.6.258 Conversely, baleen whale communicate with and are sensitive to low frequencies,
which have a low attenuation, and are therefore likely to be sensitive to slower
moving vessels that emit similar frequencies. However, studies of baleen whales
have shown that vessels that generate low levels (dB) of vessel noise are likely to be
ignored whilst louder noises (such as those from fast moving vessels), or levels that
rapidly change, may elicit an avoidance reaction (Watkins, 1986). This is particularly
true where a boat approaches a baleen whale.
4.6.259 Most published information on effects of vessel disturbance to seals is largely
anecdotal. Harbour seal hauled-out may show alert reactions or be displaced when
vessels approach within 100 m of a haul-out (Richardson et al., 2005). In areas
where there are high levels of vessel traffic, harbour and grey seals have been noted
to closely approach tour boats that regularly visit an area, and may habituate to
sounds from tour vessels (Bonner, 1982).

4.6.260 Nabe-Nielsen et al. (2013) modelled the impacts of disturbances on harbour porpoise
movement and population dynamics in Inner Danish Waters to assess the impact of
by-catch and noise from wind turbines and ships. The model showed that none of the
considered scenarios suggested that post-construction noise from wind turbines or
ships had any influence on the long term survival or the resilience of the population.
However, in-situ recordings from acoustic tags on a harbour porpoise to study
responsiveness to noise and distribution patterns in the North Sea for the DEPONS
project, found that the animal accelerated in response to a ferry passing directly
overhead and stopped echo-locating and feeding while waiting for ferry to pass
(Teilmann, unpublished).
4.6.261 As with the effects of piling noise, there are uncertainties in predicting the potential
effects of vessel noise on marine mammals since the science is still poorly
understood. Based on the precautionary approach it is therefore assumed that
marine mammals will respond to disturbance from vessel noise through avoidance
behaviour.
4.6.262 Disturbance from vessel noise is predicted to occur primarily as a series of short term
events (e.g., during the crew transfer times) over the construction period (i.e.,
maximum of six years). This would most likely result in avoidance behaviour for the
more sensitive species, such as harbour porpoise and seals. The distance over which
effects will occur will vary according to the species and the ambient noise levels but
masking may potentially occur several kilometres from the noise source. Against a
background of high vessel activity from commercial shipping and fishing, and
including many smaller vessels operating at fast speeds, it is considered unlikely that
this increase in vessel activity will affect marine mammals in the Project Two marine
mammal study area due to their apparent habituation to vessel noise (see Chapter 7:
Shipping and Navigation). This may be due to their echolocating abilities in the
marine environment and the ability of marine mammals to compensate to some
extent for masking by, for example, increasing their whistle rate to maintain
communication, as was seen with bottlenose dolphins in Florida (Buckstaff, 2004).
4.6.263 Marine mammal receptors are deemed to be of low to medium vulnerability, with high
recoverability and are VERs of national to international importance. The sensitivity of
the marine mammals is therefore, considered to be low.
Significance of effect
4.6.264 There will be a medium-term negative effect (i.e., maximum of six years) of low
magnitude on marine mammal receptors, which are of low sensitivity to vessel noise.
The effect will be of minor adverse significance, which is not significant in EIA terms.
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4.6.265 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Increased vessel traffic during construction may result in an increased collision risk.
4.6.266 During the construction phase an increase in vessel traffic may increase the risk of
injury to marine mammals through vessel strikes. In particular, the use of ducted
propellers has been linked to corkscrew injury in seals, causing mortality.
Magnitude of impact
4.6.267 Over the construction phase (i.e., maximum of six years), there is a predicted
increase in vessel traffic of 6,200 vessel transits. It is likely that some of these
vessels will use ducted propellers, with 88 out of the total 184 construction vessels
expected over the four phases (i.e., 50%). Although the crew transfer vessels would
not have ducted propellers they will have a capacity for higher speeds of up to 25
knots.
4.6.268 Existing levels of vessel traffic within the Project Two marine mammal study area
from oil industry support, shipping, fisheries and recreation, contribute to
approximately 12,775 shipping movements per year, (Chapter 7: Shipping and
Navigation). As such marine mammals are likely to have habituated to the current
levels of activity. The additional 6,200 vessel transits over the construction phase
represents an uplift in vessel activity of approximately 8.1% over the total six year
construction phase, however, it is likely that the noise generated by the construction
vessels will, to some extent, deter marine mammals from the immediate vicinity
(paragraph 4.6.185 et seq.) and therefore collision with construction vessels in the
proximity of turbine locations is unlikely.
4.6.269 The magnitude of effect is predicted to be localised within Subzone 2 and along the
cable route corridor and existing shipping routes to and from ports. This impact will be
of medium term duration and intermittent over the six year offshore construction
phase. The magnitude of effect is therefore, considered to be low.
Sensitivity of receptor
4.6.270 The evidence for lethal injury from boat collisions to marine mammals suggests that
incidents are likely to be rare (CSIP, 2011). Out of 478 post mortem examinations of
harbour porpoise in the UK carried out between 2005 and 2010, only 4 (0.8%) were
attributed to boat collisions. None of the 11 post mortem examinations of whale over
this same period were attributed to boat collisions. However, there is evidence from
other parts of the world to suggest that collisions with whales are an issue,

particularly for large vessels (>80 m) travelling at speeds in excess of 14 knots (Laist
et al., 2001).
4.6.271 The risk of injury to seals from boat collisions is also a concern, particularly close to
pupping or haul-out sites. An initial review highlighted concerns that harbour and grey
seals may be vulnerable to “corkscrew” injuries from ducted propellers, such as a
Kort nozzle or some types of azimuth thruster (Thompson et al., 2010b). These
propellers are used on a wide range of vessels utilised in offshore industries including
tugs, self-propelled barges, rigs, offshore support vessels and research boats. Since
2008, a number of seal carcasses with spiral lacerations have been found around the
UK, including 42 cases in the North Norfolk coast centred around the Blakeney
National Nature Reserve (JNCC, 2012). Post-mortem examinations of 20 of the
harbour seal found on beaches between June 2008 and September 2010 with the
curvilinear skin laceration spiralling down the body, revealed they had been alive and
healthy when the injuries were sustained, with no evidence of any underlying disease
or disability (Bexton et al., 2012).
4.6.272 Investigations have been on-going to determine the cause of such injuries, and a
recent report on the current state of knowledge as part of on-going reporting on
Unexplained Seal Deaths within the Marine Mammal Scientific Support Research
Programme (MMSS/001/11). A report by Thompson et al. (2013b) concluded that the
injuries recorded to date in the UK are the result of seals swimming into a fast
spinning propeller inside some form of duct or cowling, and that it is likely that these
such mechanisms are attributed to a Kort nozzle or azimuth thruster. Subsequently,
trials for different propulsion systems have been undertaken, using scale models of
seals comprised of silicon rubber cores and wax outer layers (Onoufriou and
Thompson, 2014). The results showed that the distinctive spiral lacerations were only
produced in the ducted propeller trials and that propeller speed was a significant
factor with slower speeds resulting in more spiral lacerations. These studies by
Onoufriou and Thompson (2014) provide additional weight of evidence to support the
theory that ducted propulsion systems are the most likely mechanisms for the
corkscrew injuries observed in seals. However, the authors stress that observations
on candidate vessels are vital to gain a better understanding of the circumstances
under which seals interact with these devices in coastal areas and to enable suitable
mitigation to be developed to protect these species. Therefore, in order to adopt the
precautionary approach, the guidelines on risk assessment for corkscrew injuries to
seals (JNCC, 2012) have been followed here, with recommendations for mitigation or
monitoring highlighted. Table 4.47 summarises the guidelines and recommendations
produced by the SNCBs.
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Table 4.47

Summary of the risk assessment for corkscrew injuries and recommended
mitigation measures from the SNCBs (JNCC, 2012).
Risk

Recommendations

Activity proposed to take place within
4 NM of a harbour seal SAC and areas
where the harbour seal population is in
significant decline.

Consider alternatives to using ducted propellers or
Avoid the breeding season.
(If avoiding the breeding season or using
alternatives to ducted propellers are not possible
then a Seal Corkscrew Injury Monitoring Scheme
should be considered).

4.6.276 Marine mammal receptors are deemed to be of low to medium vulnerability, with high
recoverability and are VERs of national to international importance, however a
precautionary assessment has been made due to the uncertainties highlighted. The
sensitivity of the marine mammals is therefore, considered to be low to medium.

High

Medium
Activity proposed to take place
between 4 and 30 NM of a harbour
seal SAC and not covered above.

Consider alternatives to using ducted propellers.
Avoid the breeding season if possible.

Activity proposed to take place within
4 NM of a grey seal SAC.

Consider alternatives to using ducted propellers.
Avoid the breeding season if possible.

Low

Significance of effect
4.6.277 There will be a potential negative effect of minor adverse significance, which would
be intermittent in nature over the construction phase (i.e., maximum of six years), and
reversible following cessation of the activity. This effect is not significant in EIA terms.
Although no significant effect has been identified, due to the uncertainties highlighted,
the Developer will follow best practice in line with latest JNCC guidance (JNCC,
2012).
4.6.278 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Increased suspended sediments may impair the foraging ability of marine mammals.

Activity proposed to take place beyond
30 NM from a harbour seal SAC.

None.

Activity proposed to take place beyond
4 NM distance from a grey seal SAC.

None.

4.6.273 Subzone 2 lies 90.5 km (48.8 NM) from The Wash and North Norfolk Coast SAC,
designated for harbour seal, and 89.4 km (48.2 NM) from the Humber Estuary SAC,
designated for grey seal. According to the JNCC guidelines this presents a low risk to
both species and therefore no mitigation is recommended.
4.6.274 The cable route corridor lies 40 km (21.3 NM) from The Wash and North Norfolk
Coast SAC, and crosses the Humber Estuary SAC. According to the distances given
in the JNCC guidelines (Table 4.47) this presents a medium risk to both harbour and
grey seals, and the recommendations are to consider alternatives to the use of
ducted propellers and/or to avoid the breeding season if possible. If these measures
are not possible to adopt, due to logistical restraints or other, then JNCC
recommends that a Seal Corkscrew Injury Monitoring Scheme should be considered.
4.6.275 Whilst seals have been the focus of the corkscrew injury research, there is new
evidence emerging that harbour porpoise may also be vulnerable to corkscrew injury
(Marine Scotland Science, pers. comm., 2013). The potential for mortality in harbour
porpoise due to corkscrew injuries from ducted propellers is unlikely, though
uncertain at present.

Magnitude of impact
4.6.279 The southern North Sea has a naturally moderate to high turbidity, especially during
the winter, with typical background concentrations of between 20 and 150 mg l-1.
Suspended sediment concentrations of 250 mg l-1 have been recorded in offshore
locations from the Holderness coast during storm events. During the summer months,
levels of 10 mg l-1 are more frequently encountered (Chapter 1: Marine Processes).
4.6.280 The total volume of spoil generated as a result of seabed preparation for the
installation of gravity base foundations is approximately 2,389,181 m3. Coarse
material (i.e., sands and gravels), which makes up the majority of the sediment
present within the Project Two marine mammal study area, is predicted to be
deposited on the seabed immediately and in close proximity to the point of release
(Chapter 1: Marine Processes). Numerical plume dispersion modelling for the fate of
fine sediments from seabed preparation has shown that increases in suspended
sediment concentrations greater than 10 mg l-1 above background levels, but typically
less than 80 mg l-1 except in the immediate vicinity of the works, are predicted to
occur within approximately 1 km of the release location. The dispersion of fine
material will be relatively rapid (lasting for less than 24 hours) and widespread.
Plumes of suspended sediment concentrations of between 2 and 10 mg l-1 above
background levels are predicted to extend 12 km from the boundary of Subzone 2.
Plumes of increased suspended sediment concentrations of more than 2 mg l-1 above
background levels predicted to extend up to 15.5 km to the northwest and up to
11.5 km to the southeast of the release locations. The peaks in suspended sediment
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concentrations in the immediate vicinity of the release locations are predicted to
return to background levels almost immediately after the operation is complete
(Chapter 1: Marine Processes).
4.6.281 Spoil will also be generated as a result of the installation of all subsea cables and
sand wave clearance activities prior to inter-array, platform interconnector,
accommodation platform and export cable installation. Cable installation activities are
predicted to result in increases of suspended sediment concentrations above
background of typically 2 to 5 mg l-1 spreading up to 16 km to the north and south of
the cable route corridor due to the tidal flows. In the close vicinity of the cable route
corridor the peak increases of 30 mg l-1 are predicted to extend up to 40 m from the
cable route corridor, however these will be short-lived (Chapter 1: Marine Processes).
4.6.282 Increases in suspended sediment concentrations of up to 200 mg l-1 above
background levels as a result of sand wave clearance along the export cable route
corridor is predicted to extend 18 km to the north of sandwaves, and peaks of up to
50 mg l-1 at a distance of 16 km to the south. The dispersion of the plume is predicted
to be rapid, with peaks of between 150 and 250 mg l-1 within a few hundred metres of
the release point persisting for typically less than two hours after release. Suspended
sediment concentrations are predicted to return to background levels within 24 hours.
4.6.283 Modelling for sandwave clearance for Subzone 2 cables using trailer suction hopper
dredging (combined with seabed preparation works) showed predicted peak
increases in depth averaged suspended sediment concentrations of 5 to10 mg/l
above background levels extending up to 12.5 km north west and 13 km south east of
the dredging/disposal locations. Modelling for sandwave clearance for Subzone 2
cables by jetting (mass flow excavator; combined with seabed preparation works)
showed predicted peak increases in depth averaged suspended sediment
concentrations of 5 to10 mg/l above background levels extending up to 17.5 km north
west and 13 km south east of the dredging/disposal/sandwave clearance locations.
As discussed above, these are expected to be relatively short lived, behaving in a
similar manner to the two concurrent adjacent seabed preparation activities, with
‘spikes’ of increased suspended sediments lasting between one and two hours.
4.6.284 The impacts are predicted to be of local spatial extent, short term, intermittent and
reversible over the construction phase (i.e., maximum of six years). The magnitude is
therefore, considered to be negligible.

Sensitivity of receptor
4.6.285 Marine mammals regularly occur in turbid environments and therefore are adapted to
finding prey in such conditions. The use of echolocation by harbour porpoise and
white-beaked dolphin enables these species to locate prey that is out of sight. Prey
capture may be more difficult for non-echolocating species in turbid environments.
However, most marine mammals have an acute sense of touch. Seals possess
sensitive muzzles with vibrissae or sensory whiskers that they use to detect prey
items either through direct contact or due to receiving vibrations in the water column
(Denhardt et al., 2001). Minke whale also use vibrissae to sense their prey and
olfactory receptors may also be important in detecting prey.
4.6.286 In general, since light is limited in the marine environment, marine mammals use their
hearing, instead of sight, as their primary sense to gain information about their
environment. It is therefore considered that marine mammals, VERs of national to
international importance, are of low sensitivity to increased sedimentation.
Significance of effect
4.6.287 There will be a short term, small scale, negative effect of negligible significance,
which is not significant in EIA terms.
4.6.288 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Accidental pollution events during the construction phase resulting in potential effects
on marine mammal receptors.
4.6.289 Accidental release of pollutants from installation vessels during construction may
have a negative effect on marine mammals. Pollutants include diesel oil, sewage
discharge, vessel antifouling biocides and leachates from cement and/or grouts used
in construction.
Magnitude of impact
4.6.290 The magnitude of the impact is dependent on the nature of the pollution incident but
the Strategic Environmental Assessment carried out by DECC (2011c) recognised
that, "renewable energy developments have a generally limited potential for
accidental loss of containment of hydrocarbons and chemicals, due to the relatively
small inventories contained on the installations (principally hydraulic, gearbox and
other lubricating oils, depending on the type of installation)".
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4.6.291 The more toxic components of fuel spills are volatile and relatively short-lived.
Heavier hydrocarbons, while less toxic, may persist for longer in the marine
environment. However, any spill or leak within the offshore regions of Project Two
would be immediately diluted and rapidly dispersed. In addition, the historical
frequency of pollution events in the southern North Sea is low given the density of
existing marine traffic in the area. The magnitude of effects would therefore be
expected to be negligible.
Sensitivity of receptor

4.6.298 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Changes in the fish and shellfish community resulting from construction impacts may
lead to a loss in prey resources for marine mammals.
4.6.299 Offshore construction activities may result in indirect impacts on marine mammals
through impacts to prey (fish and shellfish) species from the following:

4.6.292 Release of contaminants into the water column may lead to direct impacts on marine
mammals through ingestion, inhalation or absorption through the skin, and potentially
longer-term indirect impacts from bioaccumulation in the food chain. Seals are likely
to be more vulnerable to the effects of pollution than cetaceans because of their
reliance on terrestrial sites for resting, moulting and pupping. Of particular concern
would be the contamination of the coastal waters of North Norfolk and Lincolnshire,
where grey and harbour seal haul-out in large numbers. Seal pups entering the water
would be particularly vulnerable as oil residues can reduce the thermal properties of
neonate animals, increasing their susceptibility to hypothermia (Jenssen, 1996).



Temporary habitat loss from offshore wind farm construction, aggregate
extraction activity, and commercial fishing activities;



Increases in suspended sediment concentration and sediment deposition from
offshore wind farm construction and aggregate extraction activity;



Disturbance due to noise from piling activity during construction of offshore wind
farms; and



Accidental pollution events.

4.6.293 Waterborne hydrocarbon contaminates could adhere to and foul the baleen plates of
minke whales as they surface. Fouling is likely to be short-term but ingestion of
contaminated food may have longer term consequences for the health of individuals.
The release of crude oil is also a serious concern for all marine mammals as the
inhalation of toxic, volatile compounds would lead to mortality.

4.6.300 The key prey species for marine mammals include a number of clupeids (e.g.,
herring), gadoids (e.g., cod, whiting), flatfish and sandeels. These species have been
identified as important components of the fish community within the study area and
subsequently negative effects on the fish assemblages identified in the Project Two
impact assessment may have indirect negative effects on marine mammal receptors.

4.6.294 Whilst seals and cetaceans are highly mobile, and capable of detecting surface slicks
in open water, the more extensive the slick, the more likely that an animal will surface
within it (Geraci and St. Aubin, 1990).

4.6.301 The potential effects arising from each of these for each of the assessment are
described in detail in Chapter 3: Fish and Shellfish Ecology. A summary of the
impacts is given below.

4.6.295 As part of the project design, a CoCP will be developed (Table 4.21) which will
include measures to follow, published guidelines and best working practice for the
prevention of pollution events. Therefore accidental release of contaminants will be
strictly controlled, and an emergency plan will also be put in place in the unlikely
event of an incident. Provided that the CoCP is followed there are unlikely to be any
pollution events and those that do occur would be very small scale and short lived,
due to rapid dispersal and dilution.
4.6.296 Marine mammals, VERs of national to international importance, are likely to avoid
any minor events and therefore their sensitivity is considered to be low.

Magnitude of impact
4.6.302 Fish and shellfish receptors are vulnerable to a number of impacts during
construction including temporary habitat loss during installation works, increased
sediment concentrations and sediment deposition, underwater noise as a result of
installation of foundations and subtidal cables, and accidental pollution. The potential
effects of these impacts on fish receptors are described in Chapter 3: Fish and
Shellfish Ecology. A summary of the impact assessment is given below.

Significance of effect
4.6.297 There will be a small scale, negative effect of negligible significance during the
construction phase on marine mammals, which is not significant in EIA terms.
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4.6.303 Temporary habitat loss is predicted to be localised in extent, of short term duration
and reversible. Sandeels and herring were considered to be the most vulnerable as
they are known to spawn within, or near to, Project Two. However, temporary habitat
loss is predicted to affect only a small proportion (up to 0.14%) of sandeel habitats
within the southern North Sea fish and shellfish study area as mapped by Jensen et
al. (2010). This total is likely to be spread over a maximum of six years throughout
the potential construction period, with temporary habitat loss only affecting a small
proportion of this total on any one day. Habitat loss/disturbance within the cable route
corridor will occur within a relatively small corridor and therefore only affect a small
proportion of the potential herring spawning habitat present (the proportion of this
habitat is difficult to quantify as this potential spawning habitat has not previously
been mapped, Chapter 3: Fish and Shellfish Ecology). The impact assessment
concluded that the potential effects on these species, of medium sensitivity, and all
other fish and shellfish, of low sensitivity, would be of minor significance.
4.6.304 As described for marine mammals, the impact of increased sedimentation as a result
of construction activities is unlikely to affect fish and shellfish communities, which are
acclimatised to an environment with high variability in suspended sediment
concentration. Most fish and shellfish species were assessed as being of low
sensitivity to both increased suspended sediment concentration and sediment
deposition, with the exception of brown crab and lobster (not key prey items for
marine mammals), the effects were therefore considered to be of minor adverse
significance.
4.6.305 Fish are sensitive to the potential effects of increased noise during the turbine
installation works. The impact ranges for disturbance or avoidance indicate that
changes in swimming and schooling behaviour may occur to a maximum range of 13
to 34 km for pelagic species and 10 to 26 km for demersal species (based on the
3,000 kJ maximum hammer energy). For concurrent piling using the largest hammer
energy this could lead to displacement of species over a small proportion of their
spawning and nursery habitats (0.61 to 1.42% of spawning and 0.68 to 1.58% of
nursery habitats for sandeel; and 0.58 to 1.90% of spawning and 0.78 to 1.77% of
nursery habitats for herring, Table 4.48). For the offshore HVAC reactive
compensation substation installation, the piling at the lower, 2,300 kJ hammer energy
would also result in displacement with impact ranges of 8 to 20 km for demersal
species and 9 to 23km for pelagic species, affecting areas of habitat for sandeel of up
to 0.84% and up to 0.94% (spawning and nursery habitats, respectively) and for
herring of up to 4.4% and up to 1.03% (spawning and nursery habitats, respectively),
(Chapter 3: Fish and Shellfish Ecology).

4.6.306 Impacts were predicted to be of medium-term duration (during the pile driving
activity), intermittent and reversible. The magnitude was considered to be low for
turbine installation using the 3,000 kJ hammer energy and negligible for the offshore
HVAC reactive compensation substation using the 2,300 kJ hammer energy. The
impact assessment concluded that the potential effects on both pelagic fish species,
of medium sensitivity, and demersal fish species, of low sensitivity, would be of
negligible (for the two offshore HVAC reactive compensation substations) or minor
(for the wind farm) adverse significance.
4.6.307 As for marine mammals, the potential for an accidental pollution event is very low
provided that the CoCP is followed. Fish eggs and larvae are likely to be of medium
sensitivity due to their lack of mobility, adults of most species are of low sensitivity
due to their ability to avoid polluted areas. Any impacts are likely to be of limited
spatial extent and short term duration and potential effects are predicted to be of low
magnitude. Therefore, the assessment concluded that the effects would be of minor
adverse significance.
Table 4.48

Proportion of spawning and nursery habitats in the southern North Sea fish
and shellfish study area within underwater noise behavioural impact ranges
for demersal and pelagic fish species. Proportions affected are for
concurrent piling at two locations with 20 km spacing within Subzone 2 at
3,000 kJ.
Proportion of Habitat Overlapping with Noise Contours for
Possible Area of Avoidance

Species
Spawning

Nursery

Sandeel habitats
(Jensen et al., 2010)

Demersal Species
Plaice

0.63% to 1.47%

0%

N/A

Lemon sole

1.09% to 2.53%

1.17% to 2.70%

N/A

Cod

0.64% to 1.48%

0.53% to 1.24%

N/A

Whiting

0.67% to 1.55%

0.53% to 1.23%

N/A

Sandeel

0.61% to 1.42%

0.68% to 1.58%

0.09% to 0.47%

Sprat

0.79% to 1.80%

0.67% to 1.54%

N/A

Herring

0.58% to 1.90%

0.78% to 1.77%

N/A

Mackerel

0.64% to 1.47%

0.83% to 1.89%

N/A

Pelagic Species
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4.6.308 In summary, potential effects of changes in prey resources on marine mammals
would occur over the five year construction phase and would be reversible. The
magnitude of effect is therefore predicted to be low.
Sensitivity of receptor
4.6.309 Marine mammals generally exploit a suite of different prey items and can travel great
distances to forage. It is likely that the effects described for fish and shellfish will
occur over a similar, or lesser, extent and duration as those for marine mammals. For
example, avoidance behaviour of fish during piling works will lead to displacement
over potentially smaller ranges than those given for most marine mammals. In
addition, as prey moves out of the areas of potential impact, so marine mammals are
likely to follow in order to exploit these resources.
4.6.310 The communities found here were characteristic of the fish and shellfish
assemblages in the wider region and therefore, due to the highly mobile nature of
marine mammals, it is likely that they will be able to exploit similar resources
elsewhere. However, there could be an energetic cost to this if animals have to travel
further to a preferred foraging ground. For example, the tagging study showed that
seals regularly transit between their haul-out locations on the Norfolk and
Lincolnshire coasts to the southern boundary of the Hornsea Zone. The noise impact
range maps for fish (Figure 3.8 in Chapter 3: Fish and Shellfish Ecology) show that
there is potential for avoidance of fish species along this southern boundary, and
therefore potential for this displacement to lead to effects on seals.
4.6.311 Given the potential for a loss of a proportion of available foraging habitat, the
sensitivity of marine mammals, VERs of national to international importance, is
assessed as being medium.
Significance of effect
4.6.312 The effect will be of local to regional spatial extent, medium term duration over the
offshore construction phase (i.e., maximum of six years) and will be intermittent and
reversible (for non-injurious effects). Marine mammal receptors are considered to be
of medium sensitivity. Therefore, the effect of changes in the distribution and/or
abundance of prey species will be of minor adverse significance, which is not
significant in EIA terms.
4.6.313 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

Future monitoring (construction phase)
4.6.314 Monitoring will be carried out in order to test the predictions of the impact
assessment, the detail of which will be established through consultation with statutory
nature conservation bodies (SNCBs), and following best practice in accordance with
the latest guidance. A marine mammal monitoring plan, forming part of the CoCP will
be submitted prior to commencement of turbine construction activities, which will set
out the circumstances in which marine mammal monitoring will be required and the
monitoring to be carried out in such circumstances. The programme will be devised
following appropriate guidance (e.g., SMRU, 2010) and with consideration of national
policy guidance for marine renewable energy developments in NPS-EN3 (Table 4.2)
such that it is submitted for approval by the MMO, in consultation with the SNCBs at
least four months prior to the commencement of the construction phase.
Operation and maintenance phase
4.6.315 The effects of the operation and maintenance of Project Two have been assessed on
marine mammals in the Project Two marine mammal study area. The environmental
impacts arising from the operation and maintenance of Project Two are listed in Table
4.17 along with the Design Envelope parameters against which each operation and
maintenance phase impact has been assessed.
4.6.316 A description of the significance of effects upon marine mammals receptors caused
by each identified impact is given below.
The operating noise of turbines may result in potential effects on marine mammals.
4.6.317 Turbine operation will produce a low frequency, low level noise originating from the
internal mechanics of the turbine such as the gearbox and generator. Operational
noise is generally broadband and low levels, with some narrower band, tonal noise
produced (Madsen et al., 2006; Tougaard and Henriksen, 2009; Tougaard et al.,
2009). Details of the noise assessment carried out for the Project Two operation and
maintenance phase are provided in Section 6.2 of Annex 4.3.2: Subsea Noise
Technical Report.
4.6.318 A review of underwater noise generated by a number of operational turbines ranging
from 0.2 to 2.0 MW power was carried out by Madsen et al. (2006) and identified that
there was only a weak relationship between the size of the wind turbine and the
emitted sound intensity. However, the authors acknowledge that this may not be valid
for large turbines of several megawatts.
4.6.319 There is considerable variation in the reported noise levels from operating wind
turbines, which may be in part due to different wind speeds, recording conditions and
sound radiation patterns (Madsen et al., 2006). The relationship between wind speed
and noise production is of particular importance for operating wind turbines, as the
vibration and noise produced by wind turbines increases with wind speed (Madsen et
al., 2006).
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Magnitude of impact
4.6.320 The radiated levels from operational wind turbines are likely to be low and the spatial
extent limited, such that physical or auditory injury to marine mammals is unlikely
(Tougaard and Henriksen, 2009). 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.
4.6.321 Previous studies indicate that there is unlikely to be any significant impact on marine
mammals from operational turbines. The early measured data are mainly for smaller
capacity wind turbines ranging from about 0.2 to 3 MW (summarised in Wahlberg and
Westonberg, 2005; Madsen et al., 2006, Nedwell et al., 2007, Tougaard and
Henriksen, 2009) and although there are currently no published data for wind turbines
with a rated capacity of 3.6 MW or above, the overall broadband level may not be
significantly higher. Nedwell et al. (2007), for example, found little observable
difference between operational noises measured for a 2 MW and a 3 MW turbine and
suggested that a 3.6 MW turbine may not be significantly noisier either.
4.6.322 A recent study has shown that a behavioural response is only likely within close
proximity to the turbine. For harbour porpoise this may be limited to just a few metres,
whilst for seals the response may be up to a few hundred metres (Tougaard and
Henriksen, 2009). However, this study also showed that operational noise is unlikely
to result in auditory masking of either seals or harbour porpoise, due to the low levels
and low frequencies produced.
4.6.323 In terms of numbers, although a higher number of turbines represents more potential
for animal disturbance, the actual areas where behavioural disturbance may be likely
are expected to be small (tens of metres or less) compared to the turbine separation
distances (hundreds of metres or more) and would not be expected to overlap
spatially.
4.6.324 Operational noise would occur over the lifetime of the wind farm and will contribute to
ambient noise in the region. The impact is predicted to be of localised spatial extent,
long term duration, continuous and reversible during the design life of the project (i.e.,
25 years). It is predicted that the impact will affect marine mammal receptors directly.
Due to the extremely localised spatial extent, the magnitude is therefore, considered
to be negligible.

Sensitivity of receptor
4.6.325 Peak sound pressure and sound exposure levels from operational noise may be
audible to marine mammals above ambient levels (Koshinski et al., 2003). It is
generally believed that noise from operational wind turbines will not cause injury to
marine mammals, even at a distance of a few metres and avoidance is only likely to
occur in the vicinity of a turbine (e.g., Madsen et al., 2006; Wahlberg and Westerberg,
2005; Tougaard and Henriksen, 2009). The implication of this is that generally the
area between adjacent turbines is unlikely to pose a disturbance threat to marine
mammals and the noise resulting from the wind farm will likely decay to ambient
levels within a few hundred metres beyond the boundary of the wind farm. Given the
low level and limited spatial extent of the noise, the risk of behavioural disturbance
would be limited to within the immediate vicinity of the turbine, affecting only a very
small proportion of the available habitat for marine mammals within Project Two.
4.6.326 A major contribution to the ambient noise is from sea state, which would also
increase as the turbine rotational speed increases with wind speed. Increased
ambient noise may exceed the turbine noise, as has been observed by Tougaard and
Henriksen (2009), and result in no increase based on operational turbine noise.
4.6.327 Evidence that there is unlikely to be any significant behavioural response from
operational noise comes from experiments and studies of other wind farms. Koshinski
et al., (2003) observed the response of harbour porpoise and harbour seal to
playbacks of underwater sound recordings that simulated an operating wind turbine.
Neither species showed aversive behaviour resulting from the noise; with harbour
porpoise appearing curious of the sound source, approaching the playback
equipment and investigating it with echolocation clicks. Whilst the approach distance
to the sound source did increase slightly for both species, there was generally a weak
behavioural response and numbers within the study area remained unchanged during
the experiment.
4.6.328 These findings were supported by more recent observations in the field. At the Horns
Rev and Nysted offshore wind farms in Denmark, long-term monitoring showed that
both harbour porpoise and harbour seal were sighted regularly within the operational
wind farms, and within two years of operation, the populations had returned to levels
that were comparable with the wider area (Diederichs et al., 2008). Similarly, a
monitoring programme of the Egmond aan Zee offshore wind farm in the Netherlands
showed that during operation, significantly more porpoise activity was recorded within
the wind farm compared to the reference area (Scheidat et al., 2011). The findings
from this study, together with similar results from other Dutch and Danish wind farms
(Lindeboom et al., 2011), suggest that harbour porpoise may be attracted to
increased foraging opportunities within operating wind farms (Scheidat et al., 2011).
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4.6.329 Marine mammal receptors within the regional marine mammal study area (the south
central North Sea) are deemed to be of low vulnerability, high recoverability and of
national to international importance. The sensitivity of the receptor is therefore
considered to be low.
Significance of effect
4.6.330 There will be a long term negative effect of negligible magnitude on marine
mammals, which are of low sensitivity to operational noise. The effect will be of
negligible significance, which is not significant in EIA terms.
4.6.331 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Increased vessel traffic may result in an increased noise disturbance to marine
mammals.
4.6.332 Subsea noise will arise from operation and maintenance vessels servicing the wind
farm and associated offshore infrastructure throughout the operation and
maintenance phase of Project Two.
Magnitude of impact

Sensitivity of receptor
4.6.337 The sensitivity of marine mammals was described previously for construction-related
vessel disturbance (paragraph 4.6.185). An increase in vessel traffic may cause
behavioural avoidance for many species, whilst others, such as white-beaked
dolphin, may actively approach vessels to bow-ride.
4.6.338 As with the effects of piling noise, there are uncertainties in predicting the potential
effects of vessel noise on marine mammals, as the science is still poorly understood.
Based on the precautionary approach it is therefore assumed that marine mammals
will respond to disturbance from vessel noise through avoidance behaviour.
4.6.339 Disturbance from vessel noise is predicted to occur as a series of short term events
(e.g., during the crew transfer times), over the lifetime of the project. This would most
likely result in avoidance behaviour for the more sensitive species, such as harbour
porpoise and seals. The distance over which effects will occur will vary according to
the species and the ambient noise levels, but masking may potentially occur several
kilometres from the noise source. Given the duration of the impact, and the current
background levels of vessel noise in the study area, it is likely that marine mammals
will tolerate this increase in vessel activity.
4.6.340 The sensitivity of marine mammals, VERs of national to international importance, to
noise from vessel traffic is considered to be low due to their low to medium
vulnerability and high recoverability.
Significance of effect

4.6.333 The current level of vessel activity passing through the Project Two marine mammal
study area is 12,775 vessel movements per year. During the operational phase there
is predicted to be, on average, 2,817 vessel transits per year over the design life of
the project (i.e., 25 years), (Chapter 7: Shipping and Navigation). This will result in an
annual increase of 24% above current baseline levels within Project Two.

4.6.341 There will be a long term adverse effect of low magnitude on marine mammal
receptors, which are of low sensitivity to vessel noise. The effect will be of minor
significance, which is not significant in EIA terms.

4.6.334 As described previously, the likelihood of auditory injury from vessel traffic is unlikely
given the current background levels of noise in the region. Disturbance is therefore
most likely to be related to the noise generated from vessels.

4.6.342 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

4.6.335 The maintenance vessels will be similar to those used during construction (e.g., jackup barges), and will therefore be operating at a slow speed between maintenance
operations around the wind farm site. The greater potential for disturbance is likely to
arise from crew transport vessels to and from Subzone 2. These will be smaller
vessels of between 18 and 20 m in length.
4.6.336 The magnitude of effect is low as it is limited in both spatial (i.e., within Subzone 2)
and temporal (i.e., intermittent) extent.

Increased vessel traffic may result in an increased collision risk to marine mammals.
4.6.343 Collision risk is likely to occur as a result of increased vessel traffic during operation
and maintenance activities of both the offshore wind farm and the cable route
corridor. In particular, there is potential for mortality from corkscrew injuries which has
been linked to vessels using ducted propellers.
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Magnitude of impact
4.6.344 The current level of vessel activity passing through the Project Two marine mammal
study area is 12,775 vessels per year. Over the project lifetime, there is predicted to
be an increase in vessel traffic of 2,817 vessels per year. It is likely that some of
these vessels will use ducted propellers, although the majority of vessels would be for
crew transfer and supplies to the offshore accommodation platforms and therefore
would not have ducted propellers. Up to 50% vessels per year have the potential to
use ducted propellers and these are the jack up barges required for maintenance at
the turbines. Although the crew transfer vessels would not have ducted propellers
they will have a capacity for higher speeds of up to 25 knots.
4.6.345 As described previously for construction-related collision risk (paragraph 4.6.198),
there is a high level of vessel activity within the region to which marine mammals
appear to have habituated. The increase in vessel traffic resulting from maintenance
operations within Subzone 2 and the cable route corridor is small compared to the
existing levels in the area, and will be localised to within Subzone 2, the cable route
corridor and existing transit routes to and from ports. In addition, it is likely that the
noise generated by the vessels will deter most marine mammals from the immediate
vicinity (paragraph 4.6.249 et seq.) and therefore collision with operation and
maintenance vessels for Project Two is unlikely.
4.6.346 The magnitude of effect is assessed as being low as it is both limited in temporal and
spatial extent.
Sensitivity of receptor
4.6.347 The sensitivity of marine mammals to increased collision risk was described
previously for construction-related collision risk (paragraph 4.6.255). In summary,
there is little evidence to suggest that vessel activity is a significant threat to marine
mammals. The most sensitive species in the study is harbour seal, followed by grey
seals. The evidence for this comes from a recent study of seal carcasses which show
corkscrew injuries that may be characteristic of collision with ducted propellers
(Thompson et al., 2010b). Although the links are currently unproven, in order to adopt
the precautionary approach, the guidelines on risk assessment for corkscrew injuries
to seals (JNCC, 2012) have been followed here, with recommendations for mitigation
highlighted.

4.6.348 Subzone 2 lies 90.5 km (48.8 NM) from The Wash and North Norfolk Coast SAC,
designated for harbour seal, and 89.4 km (48.2 NM) from the Humber Estuary SAC,
designated for grey seal. According to the JNCC guidelines presented in Table 4.47
this presents a low risk to both species since the distance between the SACs and
Subzone 2 exceeds the 30 NM risk zone and therefore no mitigation is considered
necessary. For operation and maintenance vessels undertaking work within the cable
route corridor, these activities could occur within 4 NM of the Humber Estuary SAC in
the event of work required in or close to SAC designated waters. This therefore
presents a medium risk to risk seal (Table 4.47). Consideration of mitigation
measures such as using vessels without ducted propellers or avoiding activities
during the grey seal breeding season may be required, which will be discussed
through consultation with SNCBs,
4.6.349 The sensitivity of marine mammals, VERs of national to international importance, is
assessed as being low to medium based on the risk of impact (i.e., seal
vulnerability) being low (Subzone 2) to medium (cable route corridor within 4 NM of
the Humber Estuary SAC), and the risk being intermittent during operation and
maintenance activities.
Significance of effect
4.6.350 There would be potential negative effect of minor adverse significance, which would
be intermittent in nature over the duration of the operational phase, and reversible
following cessation of the activity. This effect is not significant in EIA terms.
4.6.351 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Increased suspended sediment during cable maintenance may impair the foraging
ability of marine mammals.
4.6.352 Temporary disturbance of seabed habitats leading to increased suspended sediment
concentrations is likely to occur during the operational phase of Project Two as a
result of subtidal cable maintenance activities. The impacts associated with these
operations are likely to be similar in nature to those associated with the construction
phase as described in paragraphs 4.6.267 to 4.6.271.
Magnitude of impact
4.6.353 Subtidal cable reburial works (if and when necessary) will disturb habitats in the
immediate vicinity of cable reburial operations, though it is not possible to quantify the
area potentially affected. The extent however is likely to be highly localised and the
magnitude less than that described in paragraphs 4.6.267 to 4.6.271.

4-136

cables. The conclusion of the COWRIE 1.5 EMF study (Gill et al., 2005) and
subsequent clarification in the Phase 2 COWRIE EMF report (Gill et al., 2009)
highlights the fact that there are no burial depths practically achievable that will
reduce the magnitude of the B field, and hence the sediment-sea water interface
induced E field, below that at which they could be detected by certain marine
organisms.

4.6.354 The impacts are therefore predicted to be short term, intermittent and reversible over
the operation phase. Potential effects are therefore predicted to be of negligible
magnitude over the operation period.
Sensitivity of receptor
4.6.355 The sensitivity of marine mammals to elevated levels of suspended sediments is as
described in paragraphs 4.6.272 et seq. In general, since light is often limited in the
marine environment, marine mammals use their hearing, instead of sight, as their
primary sense to gain information about their environment. It is therefore considered
that marine mammals, VERs of national to international importance, are of low
sensitivity to increased sedimentation.
Significance of effect
4.6.356 There will be a small scale, negative effect of negligible significance during the
operation phase on marine mammals, which is not significant in EIA terms.
4.6.357 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Electromagnetic fields (EMF) emitted by inter-array and export cables may affect marine
mammal behaviour.
4.6.358 EMF will result from the installation of up to 1,200 km of 400 kV HVAC and up to
600 km of HVDC export cables, 300 km of 400 kV HVAC platform inter-connector
cables (including accommodation inter-connector cables), up to 10 km of 70 kV inter
accommodation platform cables and 675 km of 70 kV AC inter-array cables (Table
4.17). It is not thought that marine mammals are electro-sensitive; however, they may
be sensitive to magnetic fields, produced by the current flow on the cable.
Magnitude of impact
4.6.359 Electromagnetic fields comprise both the electric (E) fields, measured in volts per
metre (V/m), and the magnetic (B) fields, measured in tesla (T). Background
measurements of the magnetic field are approximately 50 μT in the North Sea, and
the naturally occurring electric field in the North Sea is approximately 25 μV/m
(Tasker et al., 2010). It is common practice to block the direct electrical field (E) using
conductive sheathing meaning that the EMFs that are emitted into the marine
environment are the magnetic field (B) and the resultant induced electrical field (iE). A
key misconception in the understanding of the effects of EMF has been the assertion
that cable burial will work to mitigate E and B field effects and that there will be no
externally detectable electric fields generated by industry standard subsea power

4.6.360 A variety of design and installation factors affect EMF levels in the vicinity of the
cable, these include current flow, distance between cables, cable orientation relative
to the earth’s magnetic field (DC only), cable insulation, number of conductors,
configuration of cable and burial depth. Project design mitigation includes setting
minimum separation distances between adjacent cables based on the risks and
practicalities of construction and maintenance. In shallower areas, such as the
intertidal zone, a minimum separation of 40 m may be expected but this is likely to
increase to 100 m in deeper waters. In addition, cables are designed with a protective
sheathing to reduce magnetic and electric fields. Clear differences between AC and
DC systems are apparent; the flow of electricity in an AC cable changes direction (as
per the frequency of the AC transmission) and creates a constantly varying electric
field in the surrounding marine environment (Huang, 2005). Conversely, DC cables
transmit energy in one direction creating a static electric and magnetic field.
4.6.361 Average magnetic fields of DC cables are higher than those of equivalent AC cables
(Table 4.49). Induced electric fields emitted from AC and DC cables are not directly
comparable, though modelling studies have shown average iE fields from submarine
DC cables of 194 μV/m at 0 m horizontal distance from the cable (assuming cable
burial to 1 m below seabed and a 5 knot current), with field strength decreasing with
horizontal and vertical distance from the cable. The modelling of induced electrical
fields for AC cables requires consideration of the size of an organism and its distance
from the cable. Modelling of induced electrical fields in a small shark of 150 cm
length, swimming above and parallel to a 60 Hz AC cable buried to 1 m produced a
maximum iE field strength of 765 μV/m at 0 m from the surface (Normandeau et al.,
2011). Other orientations will result in lower values of induced electric fields.
Ultimately, the effects would depend on site specific and project specific factors
related to both the magnitude of EMFs and the ecology of local populations including
spatial, temporal patterns of habitat use.
4.6.362 The strength of the magnetic field (and consequently, induced electrical fields)
decreases rapidly horizontally and vertically with distance from source. Modelling
studies have indicated that the range of the field is in the order of 10 m each side of
the cable (assuming 1 m burial) (see Table 4.49; Normandeau et al., 2011).
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Table 4.49

Distance
above
seabed
(m)

Average magnetic fields (μT) generated for typical 132 kV AC and DC export
cables at horizontal distances from the cable (assuming cable burial to a
depth of 1 m); (source: modified from Normandeau et al., 2011).
Magnetic field (μT) measured at horizontal distance from cable (m)
0 m AC

0 m DC

4 m AC

4 m DC

10 m AC

10 m DC

0

7.85

78.27

1.47

5.97

0.22

1.02

5

0.35

2.73

0.29

1.92

0.14

0.75

10

0.13

0.83

0.12

0.74

0.08

0.46

4.6.363 The orientation of the cable in relation to the earth’s geomagnetic field and the
distance between buried cables can influence the change in magnetic field. Modelled
results show that DC cables that are buried touching can emit a magnetic field of
20 μT less than if they were separated by 20 m (Normandeau et al., 2011). Similarly,
cables that run roughly parallel to the earth’s geomagnetic field in some locations
may cause an increase in the intensity of the magnetic field whereas cables running
perpendicular to the earth’s geomagnetic field will cause a decrease in magnetic field
below ambient levels (Normandeau et al., 2011).
4.6.364 The impact is predicted to occur over the lifetime of the project. The range of effect
depends on distance out to which the receptor will respond to changes in the EMF.
Due to the localised nature of the effects, the magnitude is predicted to be negligible
to low.
Sensitivity of receptor
4.6.365 The effects of EMF on marine mammals are poorly understood. The more common
concerns are that species that rely on EMF for finding food, such as elasmobranchs,
may become confused and hence reduce food intake, or that EMF may cause
migratory species to deviate from their migration. It is not thought that marine
mammals are electro-sensitive; however, they may be sensitive to magnetic fields
produced by the current flow on the cable. Theoretical evidence suggests that some
species of cetacean may use the Earth’s magnetic field to aid with long distance
migration (Kirschvink et al., 1986). In addition, cetaceans may use ambient magnetic
stimuli for several life-history dependant functions including determination of feeding
locations, reproduction, and refugia (Normandeau et al., 2011).

4.6.366 The Centre for Marine and Coastal Studies (CMACS) suggests that the magnetic
impact of subsea cables is unlikely to affect many magnetically sensitive species to
any great extent and would likely be perceived as a variation to the Earth’s natural
field (Normandeau et al., 2011). In addition, magneto-sensitive species are unlikely to
respond to magnetic fields from AC cables because the rate of change of the field
(polarity reversal) would be too rapid for a behavioural response to occur
(Normandeau et al., 2011).
4.6.367 Magnetic fields may only be minimally attenuated by the cable sheath and seabed
and therefore the ambient magnetic fields in the vicinity of the cable are likely to be
altered only slightly. Likely effects would be seen as changes in behaviour, including
sharp exhalations, acoustic activity and slight deviations in their swimming route
(Normandeau et al., 2011). Sensitivity of a species depends on the water depth that it
generally inhabits, such that species that are known to inhabit relatively shallow water
and those that feed near the bottom (e.g., harbour porpoise) may be more exposed to
EMF than species found in the pelagic zone in deeper water.
4.6.368 Normandeau et al. (2011) found insufficient information with which to extrapolate their
results to baleen whale. There is, however, some evidence that baleen whale use
natural geomagnetic field patterns to navigate long-distance migration routes (Walker
et al., 1992). There are also indications that disruption of background variation in
geomagnetic fields (Klinowska, 1986) or local anomalies could cause cetaceans to
strand (Klinowska, 1986; Mazzuca et al., 1999). Others dispute this conclusion
(Brabyn and Frew, 1994). No information exists on the detection or use of either
magnetic fields or electric fields by pinnipeds. This highlights the uncertainty
associated with assessing the sensitivity of marine mammals to this impact.
4.6.369 Evidence from the literature suggests that even for DC cables, which are more likely
to affect marine mammals than AC cables (Normandeau et al., 2010), there is no
evidence to suggest an effect may occur on magneto-sensitive species, other than
perhaps very localised behavioural effects. For example, an assessment of the
impact of installing HVDC power cables across the Bass Strait, southern Australia,
noted that there is no evidence that establishes HVDC cables have affected
migratory or other aspects of cetacean behaviour elsewhere (Westerberg et al.,
2007). Migration of the harbour porpoise in and out of the Baltic Sea necessitates
several crossings of HVDC cables in the Skagerrak and western Baltic Sea without
any apparent effect on its migration pattern (Walker, 2001).
4.6.370 In summary, based on the values of magnetic fields likely to occur, and the sensitivity
of the marine mammal VERs, which are of national to international importance in the
Project Two marine mammal study area, there is likely to be localised effects for
animals within the vicinity of the inter-array and export cables, with potential
responses such as temporary changes in swimming direction or slight deviation from
a transit route. Subject to the uncertainties described above, marine mammals, which
are high value receptors, are considered to be of low to medium sensitivity.
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Significance of effect
4.6.371 There will be a negative effect of minor adverse significance on marine mammals
due to EMF, which would be localised over the design life of the project (i.e., 25
years), and which is not significant in EIA terms.
4.6.372 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

Sensitivity of receptor
4.6.378 The sensitivity of marine mammals, VERs of national to international importance, to
accidental pollution has been described previously for construction-related pollution
(paragraph 4.6.221). As described, seals are likely to be more sensitive than
cetaceans; particularly close to their haul-out locations.
4.6.379 Provided that the PEMMP is adhered to, the sensitivity of marine mammals to
accidental pollution is considered to be low.
Significance of effect

Accidental pollution events during the operation and maintenance phase resulting in
potential effects on marine mammal receptors.

4.6.380 There will be small scale, negative effect of negligible significance during operation
and maintenance activities, which is not significant in EIA terms.

4.6.373 There is a risk that pollution may be accidentally released from vessels, vehicles,
machinery and offshore fuel tanks during the operation and maintenance phase as
well as from the turbines and offshore substations themselves. Pollution sources may
also include leachates from zinc or aluminium anodes that may be used to provide
cathodic protection for the turbines, and lubricants and hydraulic oils required for
operation which are contained within the turbines.

4.6.381 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

Magnitude of impact
4.6.374 The magnitude of the impact is dependent on the nature of the pollution incident but it
is recognised that the potential for accidental loss is generally limited due to the small
inventories contained on the installations (DECC, 2011c). Any spill or leak within
Subzone 2 would be subject to immediate dilution and rapid dispersal. In addition, the
historical frequency of pollution events in the regional marine mammal study area is
low given the density of existing marine traffic in the area.
4.6.375 Each turbine within Subzone 2 will also contain components which will require
lubricants and hydraulic oils in order to operate; maximum quantities are provided in
Table 4.17 and Volume 1, Chapter 3: Project Description. The nacelle, tower and hub
of the turbines will be designed to retain any leaks should they occur.
4.6.376 A PEMMP will be produced and implemented to cover the operation and
maintenance phase of Project Two (Table 4.21). This PEMMP will include planning
for accidental spills, address all potential contaminant releases and include key
emergency contact details (e.g., Environment Agency, Natural England and Maritime
and Coastguard Agency (MCA)).

Changes in the fish and shellfish community resulting from operational impacts may
lead to a loss in prey resources for marine mammals.
Magnitude of impact
4.6.382 Fish and shellfish receptors are vulnerable to a number of impacts during operation
including long term habitat loss due to the presence of turbine foundations and
scour/cable protection, introduction of new habitat types in the form of hard
substrates from the foundations, underwater noise as a result of operation of the
turbines, EMF from subsea cables, accidental pollution, temporary habitat loss during
maintenance operations, and reduced fishing pressure within Subzone 2. The
potential effects of these impacts on fish receptors are described in Chapter 3: Fish
and Shellfish Ecology. A summary of the impact assessment is given below.
4.6.383 Long term habitat loss would affect only a small proportion (0.01%) of the habitat
within the southern North Sea and similar habitats are widespread throughout the
region. The most vulnerable species were those that are known to spawn within the
Project Two marine mammal study area. Sandeel and herring were considered to be
of medium sensitivity to habitat loss but due to the very small magnitude of the
impact, the effect was considered to be of minor significance.

4.6.377 The magnitude of impact would therefore be expected to be negligible.
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4.6.384 Colonisation of new habitats due to the presence of turbine foundations and
scour/cable protection may potentially lead to the introduction of non-native and
invasive species. With respect to fish and shellfish populations, this may have indirect
adverse effects on shellfish populations as a result of competition. However, no nonnative species were identified as present in the area during the Project Two fish and
shellfish site-specific surveys and some of the more common non-native species that
are now found in the waters of the UK such as the Chinese mitten crab Eriocheir
sinensis prefer more estuarine conditions and more sheltered, lower energy
environments. Further, there is little evidence of adverse effects resulting from
colonisation of other offshore wind farms by non-native species (EMU, 2008a,
2008b).
4.6.385 Conversely, there may also be some beneficial effects due to the introduction of new
substrate and the possibility for a reef effect. Although this may benefit a different
suite of species than those for which negative effects of habitat loss are felt, the
varied diet of marine mammals means that they too may benefit from exploiting an
alternative prey resource. For example, the increase in harbour porpoise at Egmond
aan Zee offshore wind farm during operation was attributed to a possible ‘reef’ effect
which led to an increase in prey resources in the area (paragraph 4.6.70). Another
beneficial effect may also arise from reduced fishing pressure within the offshore
wind farm, and subsequently a local increase in abundance of fish and shellfish.
Sandeel in particular may benefit from a reduction in trawling activity, and as a key
prey item for marine mammals, an increase in abundance would offer an increase in
prey resources. Overall, the effect of the introduction of new habitats due to the
presence of turbine foundations and scour/cable protection on fish and shellfish
receptors was considered to be minor beneficial.
4.6.386 Electrical and magnetic fields emitted from subsea cables may have a localised effect
on fish and shellfish along the export cable route corridor. The most sensitive species
are likely to be elasmobranchs, such as rays and dogfish, which use electroreceptors
to detect prey and migratory species, such as salmon and European eel, which use
the earth’s magnetic field to aid in navigation. Most species were considered to be of
low sensitivity, with the exception of migratory fish, which were of medium sensitivity,
but due to the low magnitude of the impact the significance of effect was considered
to be minor.
4.6.387 There were not considered to be any negative effects of subsea noise or temporary
habitat loss from turbine operation on fish and shellfish and therefore the significance
for both was negligible.
4.6.388 Accidental pollution may represent a short term effect of small magnitude, but such
an impact is considered unlikely to occur, and due to rapid dispersal over the tidal
cycle, would not result in any long term significant effects on fish and shellfish.

4.6.389 The overall impact of changes in the fish and shellfish community resulting from
operational impacts is predicted to be of local spatial extent and long term (over the
design life of 25 years of the project). Based on the criteria in Table 4.19 the
magnitude is predicted to be low.
Sensitivity of receptor
4.6.390 Marine mammals exploit a range of prey resources and range widely to forage.
Although some key prey items may be affected during operation, such as sandeel
and herring, these effects are localised and unlikely to result in a significant effect on
fish and shellfish assemblages. The potential for the operational wind farm to provide
benefits to fish and shellfish may also indirectly benefit marine mammals.
4.6.391 The sensitivity of marine mammals, VERs of national to international importance, to
changes in the fish and shellfish community during operation is considered to be low.
Significance of effect
4.6.392 There will be both positive and negative effects of negligible significance due to
changes in prey resources over the operational phase, which are not significant in
EIA terms.
4.6.393 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites, is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Future monitoring (operation and maintenance phase)
4.6.394 No monitoring will be required to assess effects of operation and maintenance of
Project Two since no significant effects were predicted.
Decommissioning phase
4.6.395 The impacts of the decommissioning of Project Two have been assessed on marine
mammals in the Project Two marine mammal study area. The environmental effects
arising from the decommissioning of Project Two are listed in Table 4.17 along with
the Design Envelope parameters against which each decommissioning phase impact
has been assessed. This assessment has assumed the removal of all structures
(excluding rock placement and scour protection) to just below the seabed during
decommissioning, but the precise programme to be followed will use the best
available advice and guidance at the time.
4.6.396 A description of the significance of impacts upon marine mammal receptors caused
by each identified impact is given below.
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Underwater noise from turbine and cable removal and associated vessels may cause
disturbance to marine mammals.

Increased vessel traffic may result in an increased noise disturbance to marine
mammals or increased collision risk.

4.6.397 The statement of significance is considered to be less than the effect of construction.

4.6.405 The effects of an increase in vessel traffic during the decommissioning phase
resulting in an increased noise disturbance or an increased potential of vessel strikes
to marine mammals are expected to be the same or similar to the effects from
construction (paragraph 4.6.253 et seq.).

Magnitude of impact
4.6.398 Decommissioning of offshore infrastructure for Project Two may result in temporarily
elevated underwater noise levels which may have behavioural effects on marine
mammals. These elevated noise levels may be due to increased vessel movements
and removal of the turbine foundations with the resulting noise levels dependant on
the method used for removal of the foundation. For example, abrasive cutting, often
anticipated for wind turbine removal, would not be expected to be significantly higher
than general surface vessel noise.
4.6.399 This is consistent with modelling of noise from activities such as trenching, dredging
and rock dumping which have identified that the primary source of noise dominating
measurements is vessel propulsion noise (Nedwell et al., 2003; Nedwell et al., 2012).
It is therefore assumed that the main contributing factor to any increase in underwater
noise during decommissioning is vessel noise.
4.6.400 Studies of underwater noise from decommissioning activities 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 is unlikely to result in any injury, avoidance or significant
disturbance to marine mammals. Some temporary minor disturbance might be
experienced in the immediate vicinity of the decommissioning activity, for example,
from vessel noise.
4.6.401 Based on information available at time of writing, the expected magnitude of impact
level is low.

4.6.406 The significance of effect is minor adverse, which is not significant in EIA terms.
Increased suspended sediments may impair the foraging ability of marine mammals.
4.6.407 The effects of decommissioning activities (i.e., foundation and cable removal) on the
foraging ability of marine mammals due to increased suspended sediment
concentrations are expected to be the same or similar to the effects from construction
(paragraph 4.6.265 et seq.).
4.6.408 The significance of effect is negligible, which is not significant in EIA terms.
Accidental pollution events during the decommissioning phase resulting in potential
effects on marine mammals.
4.6.409 The effects of accidental pollution events during decommissioning activities resulting
in potential effects on marine mammals are expected to be the same or similar to the
effects from construction (paragraph 4.6.289 et seq.).
4.6.410 The significance of effect is negligible, which is not significant in EIA terms.
Changes in the fish and shellfish community resulting from decommissioning impacts
may lead to a loss in prey resources for marine mammals.
4.6.411 The effects of changes in the fish and shellfish communities due to decommissioning
activities and the indirect effect on marine mammals are expected to be the same or
similar to the effects from construction (paragraph 4.6.286 et seq.).
4.6.412 The significance of effect is minor, which is not significant in EIA terms.

Sensitivity of receptor
Future monitoring (decommissioning phase)
4.6.402 The sensitivity of marine mammals to decommissioning noise is likely to be as
described in paragraphs 4.6.235 et seq. for sensitivity to construction vessel noise.
Although noise levels are unlikely to result in physiological damage (Malme et al.,
1989; Richardson et al., 1995) some local disturbance to marine mammals may occur
in the immediate vicinity of the decommissioning activities.

4.6.413 No monitoring will be required to assess effects of decommissioning of Project Two.

4.6.403 Based on information available at time of writing, the expected sensitivity of receptor
level is low.
Significance of Effect
4.6.404 The effect of underwater noise generated during decommissioning activities will,
therefore, be of minor adverse significance, which is not significant in EIA terms.
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4.7

Cumulative Impact Assessment



Tier 1: Project Two considered alongside other projects/plans currently under
construction and/or those consented but not yet implemented, and/or those
submitted but not yet determined and/or those currently operational that were
not operational when baseline data was collected, and/or those that are
operational but have an ongoing impact (e.g.. noise disturbance or collision risk
due to operational boat traffic); and



Tier 2: All projects/plans included in Tier 1, as well as those on relevant plans
and programmes that are likely to come forward (the PINS Programme of
Projects being the source most relevant for this assessment), but have not yet
submitted an application for consent. Specifically, this Tier includes all projects
where the developer has advised PINS in writing that they intend to submit an
application in the future, or where only a scoping report or Preliminary
Environmental Information (PEI) is available (i.e., a full Environmental Statement
is not available).

Cumulative assessment methodology
4.7.1

4.7.2

4.7.3

4.7.4

The following assessment presents the Cumulative Impact Assessment (CIA) with
regard to Project Two, taking account of the knowledge of the environment and other
development activities in the vicinity of the development.
The projects and plans selected as relevant to this assessment are based upon the
results of a screening exercise undertaken as part of the ‘CIA long list’ of projects
(see Annex 4.5.1: Cumulative Impact Assessment Long List). Each project on the
CIA long list has been considered on a case by case basis for scoping in or out of this
chapter’s assessment based upon data confidence, effect-receptor pathways and the
spatial/temporal scales involved. For the purposes of screening, projects with High or
Medium data confidence have been automatically screened in to the cumulative
impact assessment. Projects/plans with low data confidence have been screened out
of the assessment. The specific projects/plans scoped in as relevant to this chapter
are presented in Table 4.50. Further detail of the approach to screening and
cumulative impact assessment is provided in Volume 1, Chapter 5: Environmental
Impact Assessment Methodology.

4.7.5

The specific projects/plans scoped into this CIA, and the Tiers into which they have
been allocated, are presented in Table 4.50 below.

4.7.6

A number of the impact assessments set out in Table 4.17 have not been considered
within the CIA due to the highly localised nature of some of the impacts, (i.e., within
the Project Two boundary only), and the predicted negligible significance of effects:

It should be noted that for the purposes of the Environmental Statement,
projects/plans that were built and/or operational at the time of Project Two sitespecific marine mammal surveys (e.g., Lynn and Inner Dowsing offshore wind farm)
have not been included within the CIA. This is due to the fact that the effects of these
projects and activities have already been captured within the Project Two site-specific
surveys, and hence their effects have already been accounted for within the baseline
assessment.
In assessing the cumulative impact for Project Two, it is important to bear in mind that
other projects/plans under consideration will have differing potential for proceeding to
an operational stage and hence a differing potential to ultimately contribute to a
cumulative impact alongside Project Two. For example, relevant projects/plans that
are already under construction are very likely to contribute to cumulative impacts with
Project Two (providing effect or spatial pathways exist), whereas projects/plans not
yet approved or not yet submitted are less certain to contribute to such an impact, as
some may not achieve approval or may not ultimately be built due to other factors.
For this reason all relevant projects/plans considered cumulatively alongside Project
Two have been allocated into ‘Tiers’, reflecting their current stage within the planning
and development process. This allows the CIA to present several future development
scenarios, each with a differing potential for being ultimately built out. Appropriate
weight may therefore be given to each scenario (Tier) in the decision making process
when considering the potential cumulative impact associated with Project Two (e.g., it
may be considered that greater weight can be placed on the Tier 1 assessment
relative to Tier 2). An explanation of each tier is included below:



Temporary increases in suspended sediments as a result of seabed
preparation, cable installation and sandwave clearance that may impair the
foraging ability of marine mammals;



Underwater noise as a result of operational turbines and maintenance vessel
traffic resulting in potential effects on marine mammals; and



Accidental pollution events during the construction, operation and maintenance
and decommissioning phases resulting in potential effects on marine mammal
receptors.

4.7.7

It has been assumed that management measures similar to those proposed for
Project Two will be in place for other projects considered in the CIA to reduce the risk
of accidental pollution events during the construction, operation and maintenance
and decommissioning phases, and minimise the magnitude of the impact, should
these occur (e.g., CoCP and PEMMP, see Table 4.21).

4.7.8

The cumulative effects of the construction of Project Two have been assessed on
marine mammals in their relevant offshore study area. The potential cumulative
impacts arising from the construction of Project Two are listed in Table 4.51 along
with the Design Envelope scenarios against which each construction phase impact
has been assessed. Effects of greater adverse significance than those presented
here are not predicted to arise should any other development scenario, based on
details within the project description (Volume 1: Chapter 3: Project Description; e.g.,
different foundation types), be taken forward in the final design scheme.
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Table 4.50

Tier

Spatial and temporal project overlap defining the scope of the cumulative impact assessment for marine mammals. Details presented are based on the most up to date
information for each project (e.g.. updates within the relevant Development Consent Orders).

Phase

Project/Plan

Hornsea Project Two

Distance from
Project Two
Export Cable
Route

Distance from
Subzone Two

Details

Dates of Offshore
Construction
(if applicable)

Overlap of
Construction
Phase with Project
Two Construction

Overlap of
Operation Phase
with Project Two
Operation

N/A

N/A

120-360 turbines

2017-2023

N/A

N/A

Lincs

27.4 km

90.7 km

75 turbines constructed
(consent for up to 83)

Operational since August 2013

-

X

Sheringham Shoal

47.6 km

77.6 km

88 turbines constructed

Operational since April 2013

-

X

Teeside

121.0 km

177.2 km

27 turbines constructed
(consent for 30)

Operational since July 2013

-

X

Humber Gateway

7.9 km

75.9 km

Up to 73 turbines
consented

Offshore construction 20122015 (piling period 2013-2015)

-

X

Westermost Rough

26.1 km

81.6 km

35 turbines consented

2014-2015 (piling in 2014)

-

X

Blyth Demonstration
Site

177.8 km

216.2 km

15 turbines consented

2015-2016

-

X

Dudgeon

41.2 km

58.3 km

Up to 67 turbines
consented

2015-2017 (piling in 2016)

X

X

Race Bank (including
offshore export cable
route)

22.0 km

69.4 km

Up to 116 turbines
consented

2015-2017 (piling period 20162017)

X

X

Triton Knoll

2.1 km

49.3 km

Up to 288 turbines
consented

2017-2021

X

X

East Anglia One

164.6 km

171.2 km

Up to 240 turbines

2016-2019 (piling period 20162017)

X

X

Hornsea Project One

0 km

0 km

Up to 240 turbines
consented

2015-2019

X

X

Dogger Bank Creyke
Beck A and B

77.3 km

73.7 km

Up to 400 turbines (200
per project)

2016-2027

X

X

Dogger Bank Teeside
A and B

98.7 km

94.9 km

Up to 400 turbines

2017-2028

X

X

Under
construction

Built and
Operational

Offshore Wind Farms

Submitted

Consented

Tier 1
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Phase

Project/Plan

Distance from
Subzone Two

Details

Dates of Offshore
Construction
(if applicable)

Overlap of
Construction
Phase with Project
Two Construction

Overlap of
Operation Phase
with Project Two
Operation

Consented

Onshore Developments (including intertidal and coastal works)

2.3 km

94.3 km

Replacement of a
section of the submarine
sea line which runs from
the Tetney Oil Terminal
to an offshore buoy.

Aggregate Area 440

16.6 km

54.4 km

52.81 km2

Operational until end 2020.

X

X

Aggregate Area 441/1

17.9 km

47.9 km

13.25 km2

Operational until end 2020.

X

X

Aggregate Area 441/2

17.6 km

43.7 km

34.42 km2

Operational until end 2020.

X

X

Aggregate Area 480

8.6 km

69.8 km

9.84 km2

Operational until end 2023.

X

X

Aggregate Area 481/1

24.0 km

78.1 km

6.07 km2

Operational until end 2023.

X

X

79.8 km

1.93 km

2

Operational until end 2023.

X

X

78.8 km

10.50 km2
Application for extension
combined with Area 493.

Application for operation
sought up to 30 December
2031.

X

X

Operational until end 2014.
Application for extension of
operation up to 31 Dec 2029.

X

X

Operational until end 2014.
Application for extension of
operation up to 31 Dec 2029.

X

X

Phillips66
Replacement Pipeline

2014-2015

X

Operational (with
ongoing effects)

Aggregate Extraction Areas

Aggregate Area 481/2
Aggregate Area 197

Aggregate Area 106/3

Application

Tier

Distance from
Project Two
Export Cable
Route

27.4 km
5.9 km

8.2 km

75.4 km

35.36 km

2

2

Aggregate Area 107

28.8 km

82.2 km

48.95 km

Aggregate Area 106/1

6.2 km

72.9 km

3.94 km2

Application for operation
sought up to 31 Dec 2029.

X

X

Aggregate Area 106/2

8.8 km

70.8 km

3.20 km2

Application for operation
sought up to 31 Dec 2029.

X

X

Application Area 400

11.4 km

79.6 km

14.25 km2

Application for operation
sought up to 31 Dec 2029.

X

X

Application Area 439

17.8 km

81.8 km

26.28 km2

Application for operation
sought up to 31 Dec 2029.

X

X

Application Area 483

34.1 km

34.3 km

28.23 km2

Application for operation
sought up to 31 Dec 2029.

X

X

Application Area 484

37.0 km

43.3 km

17.20 km2

Application for operation
sought up to 31 Dec 2029.

X

X
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Tier

Phase

Preliminary
EIA

Project/Plan

Distance from
Project Two
Export Cable
Route

Distance from
Subzone Two

(if applicable)

Overlap of
Construction
Phase with Project
Two Construction

Overlap of
Operation Phase
with Project Two
Operation

Application Area 492

16.2 km

25.6 km

38.41 km2

Application for operation
sought up to 31 Dec 2029.

X

X

Application Area 493

4.5 km

80.7 km

12.21 km2

Area 197 operational until end
2014; application for extension
combined with Area 493.

X

X

Application Area 506

14.2 km

15.7 km

51.18 km2

Application for operation
sought up to 31 Dec 2031.

X

X

Application Area 514/1
(was 448)

5.5 km

77.1 km

16.72 km2

Application for operation of
operation up to 31 Dec 2029.

X

X

Area 102 operational until end
2014. Area 514/2 application
submitted for Area 102.

X

X

Application for operation of
operation up to 31 Dec 2029.

X

X

Area 105 operational until end
2014. Area 514/4 application
submitted for Area 105.

X

X

Application Area 514/2
(was 102)

10.8 km

75.7 km

9.50 km

Application Area 514/3
(was 449)

12.7 km

71.2 km

4.18 km2

2

Application Area 514/4
(was 105)

7.2 km

60.0 km

22.02 km

Application Area 515/1

16.6 km

57.6 km

Included within area of
Aggregate Area 440

Application for operation sought
up to 31 December 2029

X

X

Application Area 515/2

17.7 km

44.1 km

Included within area of
Aggregate Area 441/2

Application for operation sought
up to 31 December 2029

X

X

138.8 km

Up to 172 turbines

Offshore construction 2020 –
2022 (2 years; piling in 20202021).

X

X

61.5 km

Export cable
infrastructure for
consented Triton Knoll
offshore wind farm
(47.4 km long).

2017 - 2021

X

X

East Anglia Three

138.8 km

Tier 2
Preapplication

Details

Dates of Offshore
Construction

Triton Knoll Electrical
System

15.1 km

2
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Figure 4.36

Offshore project/plans/activities screened into the Project Two cumulative impact assessment for marine mammals.
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Table 4.51

Design Envelope scenario considered within assessment of potential cumulative impacts on marine mammals.
Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Maximum adverse scenario as described for underwater
noise impacts during construction piling for Project Two
assessed cumulatively with the following proposed or
existing marine projects in the regional marine mammal
study area:
Tier 1:
- Under construction and consented offshore wind farms
(Blythe Demonstration Site, Dudgeon, Race Bank, Triton
Knoll, Humber Gateway, East Anglia One and
Westermost Rough); and
- Submitted offshore wind farms (Dogger Bank Creyke
Beck A and B, Project One and Dogger Bank Teeside A
and B).
Tier 2:
- East Anglia Three offshore wind farm.
Maximum spatial adverse scenario considers the maximum
number of piling vessels operating concurrently in each of
the projects.
Maximum temporal adverse scenario considers the longest
duration of the piling phase for each of the projects, for
Project Two, this is taken as 1.32 years of piling phased over
a five year construction piling period.

Projects with overlapping construction phases with Project Two,
resulting in maximum potential for underwater piling noise to
interact cumulatively in the regional marine mammal study area.
Temporal adverse scenario considers the longest duration of the
piling phase for each of the projects. This may include projects
whose construction phases do not overlap with that of Project Two
but which occur immediately prior to or after that of Project Two
and therefore increase the overall duration of sequential piling
within the regional marine mammal study area.

Cumulative effects – Construction
Cumulative increase in underwater noise
arising from piling at offshore developments
has the potential to cause disturbance to
marine mammals.

Direct
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Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification

Cumulative increase in vessel traffic arising
from construction and operation and
maintenance of offshore developments may
result in increased noise disturbance to marine
mammals.

Direct

Maximum adverse scenario as described for underwater
noise impacts from vessels during the construction phase
for Project Two assessed cumulatively with the following
proposed or existing marine projects in the regional marine
mammal study area:
Tier 1:
- Offshore wind farms operational/under construction
(Humber Gateway, Lincs, Sheringham Shoal, Westermost
Rough and Teeside);
- Consented offshore wind farms (Blythe Demonstration
Site, Dudgeon, Race Bank, East Anglia One and Triton
Knoll);
- Submitted offshore wind farms (Dogger Bank Creyke
Beck A and B, Project One and Dogger Bank Teeside A
and B); and
- Marine aggregate extraction areas (both in operation and
at application) identified in Table 4.50.
Tier 2:
- East Anglia Three offshore wind farm; and
- Triton Knoll Electrical System.

Projects with overlapping construction phases with Project Two,
resulting in maximum increase in number of vessel movements in
the regional marine mammal study area.
Projects with construction phases that do not overlap with Project
Two are also included as these are expected to contribute to
increased vessel traffic during the Project Two construction period
due to operational and maintenance activities.
Underwater noise from vessels carrying out other construction
activities (e.g., cable installation and cable protection) is assumed
to be the dominant source of noise during these activities.

Cumulative increase in vessel traffic arising
from construction and operation and
maintenance of offshore developments may
result in increased collision risk to marine
mammals.

Direct

Maximum adverse scenario as described for collision risk
impacts during the construction phase for Project Two
assessed cumulatively with the following proposed or
existing marine projects in the regional marine mammal
study area:
Tier 1:
- Offshore wind farms operational/under construction
(Humber Gateway, Lincs, Sheringham Shoal, Westermost
Rough and Teeside);
- Consented offshore wind farms (Blythe Demonstration
Site, Dudgeon, Race Bank, East Anglia One and Triton
Knoll);
- Submitted offshore wind farms (Dogger Bank Creyke
Beck A and B, Project One and Dogger Bank Teeside A
and B); and
Marine aggregate extraction areas (both in operation and
at application) identified in Table 4.50.
Tier 2:
- East Anglia Three offshore wind farm; and
- Triton Knoll Electrical System.

Projects with overlapping construction phases with Project Two,
resulting in maximum increase in number of vessel movements in
the regional marine mammal study area.
Projects with construction phases that do not overlap with Project
Two are also included as these are expected to contribute to
increased vessel traffic during the Project Two construction period
due to operational and maintenance activities.
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Potential impact

Direct/
Indirect

Maximum adverse scenario

Justification
Maximum cumulative changes in fish and shellfish communities
arising from the effects of the construction phase of Project Two
interacting cumulatively with other projects’ construction phases.
Maximum scenario is based on the overall cumulative assessment
for temporary/long term habitat loss, underwater noise impacts,
increased suspended sediments/sediment deposition, EMF and
long term creation of new habitat, as presented in Chapter 3: Fish
and Shellfish Ecology.
Projects with construction phases that do not overlap with Project
Two are also included as these are expected to contribute to
changes in fish and shellfish communities during the Project Two
construction period due to operational and maintenance activities.

Cumulative changes in fish and shellfish
communities resulting from construction and
operation and maintenance of offshore
developments may lead to a loss in prey
resources for marine mammals.

Indirect

Maximum adverse scenario as described for changes in fish
and shellfish communities during the construction phase for
Project Two assessed cumulatively with the following
proposed or existing marine projects in the regional marine
mammal study area:
Tier 1:
- Offshore wind farms operational/under construction
(Humber Gateway, Lincs, Sheringham Shoal, Westermost
Rough and Teeside);
- Consented offshore wind farms (Blythe Demonstration
Site, Dudgeon, Race Bank, East Anglia One and Triton
Knoll);
- Submitted offshore wind farms (Dogger Bank Creyke
Beck A and B, Project One and Dogger Bank Teeside A
and B);
- Marine aggregate extraction areas (both in operation and
at application) identified in Table 4.50; and
- Consented Phillips66 Replacement Pipeline.
Tier 2:
- East Anglia Three offshore wind farm; and
- Triton Knoll Electrical System.

Cumulative increase in electromagnetic fields
(EMF) emitted by subsea cables from offshore
operational projects may affect marine
mammal behaviour.

Direct

Maximum adverse scenario as described for changes in fish Maximum cumulative length of subsea electrical cabling leading to
and shellfish communities during the operation and
EMF effects on marine mammals within the regional marine
mammal study area.
maintenance phase for Project Two assessed cumulatively
with the following proposed or existing marine projects in
the regional marine mammal study area:
Tier 1:
- Offshore wind farms operational/under construction
(Humber Gateway, Lincs, Sheringham Shoal, Westermost
Rough and Teeside);
- Consented offshore wind farms (Blythe Demonstration
Site, Dudgeon, Race Bank, East Anglia One and Triton
Knoll);
- Submitted offshore wind farms (Dogger Bank Creyke
Beck A and B, Project One and Dogger Bank Teeside A
and B); and
- Marine aggregate extraction areas (both in operation and
at application) identified in Table 4.50.
Tier 2:
- East Anglia Three offshore wind farm;
- Triton Knoll Electrical System.
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Cumulative Impact Assessment
4.7.9

4.7.12

Noise modelling for the cumulative assessment was undertaken for Project Two
based on concurrent (two vessels) piling in Subzone 2 (for Project Two) with a
maximum vessel separation distance of 20 km occurring concurrently with single
piling within Subzone 1 (for Project One), (Annex 4.3.2: Subsea Noise Technical
Report). The cumulative noise assessment models the distances out to which noise
impacts may be expected from Project Two and Project One for two hammer
energies (2,300 kJ and 3,000 kJ), which represent the maximum hammer energies
for each project. Noise modelling for the cumulative assessment for Project One was
undertaken using the same assumptions detailed in paragraph 4.6.25 et seq. for
Project Two (though assuming a maximum hammer energy of 2,300 kJ and up to six
hours per pile for jacket foundations). In order to adopt a precautionary approach, the
cumulative noise modelling assessment selected two locations within Project Two
located a maximum distance of 20 km apart for the spatial maximum adverse
scenario. The locations in Project Two and Project One were selected to overlay on
the area of highest marine mammal density; therefore, as for Project Two alone, the
assessment provides a calculation of the maximum number of animals likely to be
affected.

4.7.13

It should be noted that the Applicant for Hornsea Project One has gained consent for
an overall maximum number of turbines within Project One of 240, as opposed to 332
assumed within this CIA. The assessment for Project Two has been undertaken on
the basis of a design envelope for Project One of up to 332 turbines as presented in
the submission documentation in July 2013. However, as the Secretary of State has
awarded Development Consent for a maximum of 240 turbines, the level of impacts
on marine mammals would likely be reduced from those presented within the Tier 1
and Tier 2 assessments.

4.7.14

In response to feedback from Statutory Consultees through the Section 42
consultation (see Table 4.5), the possibility for barrier effects to occur has also been
considered with regards to the spatial and temporal overlap of noise contours from
other offshore wind farm developments in the study area. Even considering the
unrealistic scenario of all nine projects piling at once at full hammer energy
(illustrated in Annex 4.3.2: Subsea Noise Technical Report), the noise map shows
that at no point do the noise contours overlap (with the exception of Project One and
Project Two) or reach the coast. It can therefore be surmised that barrier effects,
whereby an animal is prohibited from movement from one area to another, are
unlikely to occur. It is recognised, however, that by affecting multiple areas, it may
lead to animals making longer journeys to avoid disturbed areas in order to move
between preferred habitats and this may have fitness consequences for individuals if
more energy is expended due to these detours.

4.7.15

The cumulative assessment focuses on piling within Subzone 1 and Subzone 2 as
the installation of the HVAC reactive compensation substations within the cable route
corridor are events of extremely short duration (i.e., up to eight days phased over six
months) compared to the offshore wind farm construction periods.

The cumulative effects of the construction of Project Two have been assessed on
marine mammals in the regional marine mammal study area. The potential
cumulative impacts arising from the construction of Project Two are listed in Table
4.51 along with the Design Envelope parameters against which each construction
phase impact has been assessed. A description of the significance of cumulative
effects upon marine mammal receptors arising from each identified impact is given
below.

Cumulative increase in underwater noise arising from piling at offshore developments
has the potential to cause disturbance to marine mammals.
4.7.10

4.7.11

The main source of a cumulative increase in underwater noise is pile driving activity
during construction of offshore developments. The projects included in this
cumulative impact assessment are offshore wind farms within the regional marine
mammal study area (paragraph 4.2.4), which are most likely to cumulatively affect
marine mammal receptors identified within this region. The majority of projects
considered are those which have the potential to have overlapping construction
periods with that of Project Two. However, projects which do not have overlapping
construction periods (i.e., Blyth Demonstration site, Humber Gateway and
Westermost Rough), have also been included where they will contribute to the long
term number of animals affected within the Greater Wash as a result of sequential
piling (Table 4.50).
The Tier 1 assessment includes other projects in the southern North Sea including
the Blythe Demonstration Site, the Round 2 offshore wind farm projects Triton Knoll,
Race Bank, Dudgeon, Humber Gateway and Westermost Rough and the Round 3
offshore wind farm projects Hornsea Project One, Dogger Bank Creyke Beck A and
B, Dogger Bank Teeside A and B and East Anglia One. The Tier 2 assessment
includes East Anglia Three which has recently been added to PINS list of projects.
East Anglia Four is scoped out of this cumulative assessment due to low data
confidence at this stage. Tier 1 and Tier 2 projects have the potential for a cumulative
impact since noise effects may occur in adjacent areas or even overlap. An
illustrative scenario of the potential spatial effects of concurrent piling at nine
locations within the Greater Wash is shown in Figure 6.13 of Annex 4.3.2: Subsea
Noise Technical Report), however, it important to note that this is not deemed
realistic as it is unlikely that all project would be piling at the same time, due to
uncertainty in project programming and limited construction vessel availability.
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4.7.16

4.7.17

It should be noted that the cumulative noise assessment has been based on
information and assessments, where available, as presented in the respective
Environmental Statements. Construction timescales, as outlined in Table 4.51, are
indicative and subject to change. For the purposes of this assessment the full length
of the construction periods for all cumulative projects (i.e., 2013 to 2028 or 16 years,
(Table 4.50)) have been considered for potential cumulative effects due to a lack of
data or information regarding piling timescales for these projects. It is unlikely,
however, that piling will occur for the entire duration of construction and therefore
periods of concurrent piling across different projects are largely unknown. In addition,
direct comparison of the effects on marine mammals predicted by the wind farms in
the wider area is difficult due to the differing approaches taken to the assessments
and the differing level of detail provided. Furthermore, each project’s assessment has
been based on a maximum adverse scenario, and therefore all individual
assessments are inherently conservative. This means that a cumulative assessment
of a number of projects based on information in Environmental Statements will
collectively be even more highly precautionary. Nevertheless, a quantitative
cumulative assessment of the impacts from underwater noise during construction
piling posed by Project Two in conjunction with other projects has been attempted for
both the temporal and spatial maximum adverse scenarios.

4.7.18

The temporal maximum adverse scenario is based on piling at Project Two using a
1,700 kJ hammer energy. If this scenario occurred, actual piling would occur for a
maximum of 1.32 years and the single vessel would be on site for a total of 4.1 years
in four phases over a construction piling period of up to five years maximum. Piling at
other projects may partially overlap with the start or end of the construction window of
Project Two, extending the total potential time that piling may occur over the regional
marine mammal study area to more than the five years estimated for Project Two
alone. This is considered to be precautionary, however, since the duration of piling
events is likely to be shorter, in most cases, and simultaneous piling operations
(between and within wind farm sites) will also result in a reduction in the total piling
duration. It should also be noted that in general, the cumulative assessment
considers the whole offshore construction period for Tier 1 and Tier 2 projects as
information for the specific piling construction period is unknown for these projects.

4.7.19

Due to the uncertainties relating to piling phasing across all projects over the
construction period, and because each project adopts a maximum worst case
scenario which, when considered cumulatively, would result in an overestimate of
effects, it is not considered appropriate, and in fact would be a very inaccurate
representation, to sum the effects (e.g., number of animals affected) across each of
the cumulative projects. Summing the effects would result in an assessment that
would be so over-precautionary that it would represent an unrealistic scenario of
cumulative effects.

The spatial maximum adverse scenario is based on Project Two constructed with
concurrent piling using the maximum 3,000 kJ hammer energy. If this scenario
occurred, actual piling would only occur for 7.8 months and the two vessels would be
on site for a total of 2.4 years in four phases over a construction piling period of up to
five years maximum. Where possible, information has been obtained from offshore
wind farm assessments to show the range of possible effects, whereby the spatial
maximum adverse scenario may be due to either concurrent piling (more than one
piling vessel) or piling using the largest hammer energy. Therefore, consideration of
the maximum number of concurrent vessels and/or the largest hammer energy would
generate the maximum spatial extent of noise impact over the regional marine
mammal study area.
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Dose-response curve
4.7.20

As was undertaken for the Project Two alone assessment, the cumulative number of
animals predicted to be displaced were re-calculated based on the application of the
dose-response curve derived from Thompson et al. (2103a) which used data from
Horns Rev offshore wind farm (Brandt et al., 2011). Whilst this is not purported to be
an accurate dose-response modelling approach, it does, however, illustrate how the
dose-response relationship may affect the quantification of the number of animals
affected for Project Two and Project One cumulatively. This was undertaken for
harbour porpoise and minke whale using the methods described previously
(paragraphs 4.6.67 et seq.); the x-axis (range from piling) was re-scaled using the
site-specific data to show the piling range extending out to the furthest point on the
modelled possible avoidance contour for each species (46.9 km for harbour porpoise
and 61.6 km for minke whale). For both species, a series of five circular noise bands
were drawn using GIS onto the noise-density maps (for acoustic data only). For
harbour porpoise these extended from the TTS zone (~4.2 km) and were spaced at
10, 15, 20, 25, and 30 km; the outer most contour being defined by the modelled
noise contour for possible avoidance. For minke whale the noise bands extended
from the zone of likely avoidance (~14.2 km) and were spaced at 23, 28, 33, 38, and
43 km; the outer most contour being defined by the modelled noise contour for
possible avoidance. Counts were made of the number of animals within each noise
band as described previously in paragraph 4.6.70.

4.7.22

Table 4.52 provides a summary of the projects included in the Tier 1 cumulative
underwater noise assessment for harbour porpoise and the effect ranges for
behavioural disturbance based on the minimum and maximum modelled/assessed
scenarios for each project, as predicted in the respective Environmental Statements,
where available. The total area of harbour porpoise habitat potentially affected, where
available, is also presented, together with the assessed significance of effect from the
respective Environmental Statements.

4.7.23

Where data is available for Tier 1 projects in the regional marine mammal study area,
the predicted extent of behavioural effects for harbour porpoise range are provided in
Table 4.52. The Race Bank assessment predicts behavioural effects out to a
maximum of 12 km (Centrica Energy, 2009), the Triton Knoll assessment estimates
effects out to 16.6 km from piling (TKOWFL, 2012), the Dudgeon assessment
predicts effects out to 14 km (Royal Haskoning, 2009) and the Humber Gateway
assessment predicts behavioural effects out to 11.4 km. However these projects were
modelled using different marine mammal noise assessment criteria/thresholds to that
used in Project Two (i.e., dBht).

4.7.24

The noise assessment provided in the East Anglia One Environmental Statement
predicts that harbour porpoise may experience behavioural disturbance up to a
maximum of 19 km (EAOWFL, 2012). The assessment presented for Dogger Bank
Creyke Beck A and B, predicts possible avoidance of harbour porpoise from
concurrent pile driving at a 3,000 kJ hammer energy up to a maximum of 28.5 km
(Forewind, 2013a). The assessment presented in the Dogger Bank Teeside A and B
Environmental Statement, predicts possible avoidance of harbour porpoise from
concurrent pile driving at 3,000 kJ hammer energy out to a maximum of 33.5 km for
both projects and over an area of 6,008 km2 and 5,489 km2 for Teeside A and
Teeside B, respectively (Forewind, 2013b). Project One predicts an impact range out
to a maximum of 46.6 km (SMart Wind, 2013). Ranges were not modelled for
Westermost Rough, but were estimated as 10 km (DONG Energy, 2009). There are
no estimated effect ranges for the Blythe Demonstration site (Narec, 2012).

4.7.25

Spatially, the maximum adverse scenario can be considered using the upper values
for the total areas affected (or maximum range of effect where the area is not
available), (Table 4.52). It was not considered appropriate to sum these areas
together since in reality piling at all locations concurrently is unrealistic due to the
availability of this many piling vessels at the same time and since the piling activity
(as a component of the construction phase) may not overlap (paragraph 4.7.37).
Although overlap in piling activity may occur between Project Two and offshore wind
farms in the regional marine mammal study area, spatially, the maximum adverse
scenario would be where concurrent piling occurred at the maximum hammer energy
for those projects within this area. Without detailed information on the piling
schedules for Tier 1 projects, the spatial worst case is considered to extend
intermittently over the duration of the construction piling phase (assuming concurrent
piling) for Project Two.

Harbour porpoise
Tier 1
Magnitude of impact
4.7.21

The Tier 1 assessment considers Project Two cumulatively with operational, under
construction and consented projects and projects for which applications have been
submitted. The construction phase for the Tier 1 projects that consider harbour
porpoise as a receptor extend from 2013 to 2028, meaning that the temporal
maximum adverse scenario for construction piling is 16 years. For these projects
there is a period of five years (last quarter of 2017 to third quarter of 2022) where the
construction phases for Tier 1 projects coincide with the construction phase of Project
Two, meaning that at some point during this time there may be several piling vessels
operating concurrently.
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4.7.26

4.7.27

Temporally, piling activity during construction of Tier 1 offshore wind farm projects in
the regional marine mammal study area could extend for more than just the overlap
with piling for Project Two, and up to a maximum of 16 years (paragraph 4.7.20).
Piling for Project One and Project Two could occur over a maximum of eight years
(2015 to 2022) (Table 4.53). Within this eight year period, actual piling would occur
for a maximum of 1 year within Subzone 1, and a total of 1.32 years within Subzone
2. The Project Two and Project One construction periods may overlap by three years
(2017 to 2019). However, since both Project Two and Project One are planned as
phased developments, there will be times within the three year overlap where
construction activities only take place within either Subzone 2 or Subzone 1; there
may also be periods when piling is not occurring in either Subzone. As noted in
paragraph 4.7.13, the consented design envelope for Project One is for 240 turbines,
as opposed to the 332 turbines considered in the Project Two cumulative assessment
for harbour porpoise. The reduction in design envelope will therefore most likely
reduce the level of impacts on harbour porpoise from those presented above.

4.7.30

Temporally, the maximum adverse scenario considers that piling will occur over a
longer duration (i.e., up to 16 years based on current information on indicative
construction schedules). As already discussed in paragraphs 4.7.15 and 4.7.25, this
does not necessarily mean that piling will occur for the full duration of the 16 years
due to the phased nature of offshore wind farm construction programmes for the Tier
1 projects assessed, whereby actual piling only occurs over a proportion of the total
construction period. Furthermore, the proportion of the population affected over this
period will vary considerably between the Tier 1 offshore wind farm locations, as the
maximum adverse scenario assumes that all the animals disturbed could potentially
be displaced during piling activity at each location.

4.7.31

For many of the Tier 1 offshore wind farm developments there is limited quantified
information on the total number of harbour porpoise that could be disturbed by pile
driving. The relative confidence in predicted numbers affected for each project has
been included. For example, where project specific Environmental Statements
chapters have quantified impacts based on noise propagation modelling and site
specific survey data the confidence is given as ‘high’. However where project specific
Environmental Statement chapters do not quantify the number of individuals
disturbed, and an assessment is made here based on SCANS-II densities, then the
confidence is ‘low’ (Table 4.53). The number of harbour porpoise predicted to be
disturbed on any one day during piling ranges from 188 at Westermost Rough to
7,513 at Dogger Bank Creyke Beck A and B. This wide range is due to differences in
the densities estimates of animals used in the baseline assessments and differences
in the hammer energies and propagation properties of the substrate (and therefore
area of disturbance) (Table 4.52). In addition, direct comparison of the numbers
predicted to be affected across offshore wind farms must be caveated with the fact
that these projects were modelled using different marine mammal noise assessment
criteria/thresholds (i.e., dBht vs SEL).

4.7.32

The figures presented in Table 4.53 for the Dogger Bank Projects are based on the
spatial worst case scenarios that Creyke Beck A and B would be constructed
concurrently and likewise for Teeside A and B. However, the respective
Environmental Statements (Forewind, 2013a; 2013b) also provided estimates for the
total number of animals affected for each project over the entire twelve year
construction period should Creyke Beck A and B be constructed sequentially and
likewise for Teeside A and B. The Environmental Statements for these projects
indicated that the numbers presented for the temporal worst case scenarios should
not be interpreted as numbers affected per day or per piling event. Therefore, it was
not possible to present them in a comparable way to those for the other Tier 1
projects, however, the potential longer term impact from these projects has been
taken into account by considering the total 16 year duration over which piling may
take place for all Tier 1 projects. The sensitivity of harbour porpoise to pile driving
during construction is as described in paragraph 4.6.87 et seq. Recent studies by
Brandt et al. (2011) suggest that it is unlikely that all individuals within the area of

Cumulative piling activities are considered to affect harbour porpoise directly with
behavioural effects of regional extent over the medium to long term (up to 16 years
based on current information on indicative construction schedules presented in Table
4.53) leading to possible displacement and potential negative effects on ecological
processes such as breeding and feeding. Following cessation of piling these effects
are considered to be reversible. Therefore, the magnitude of impact for the Tier 1
assessment is considered to be medium.
Sensitivity of receptor

4.7.28

4.7.29

Table 4.53 provides a summary of the number of animals affected on any one day for
each project on a yearly basis for the offshore wind farm projects assessed in the CIA
for harbour porpoise. The numbers presented are the maximum number of animals
affected on any one day during piling and therefore are representative of the spatial
maximum adverse scenarios for each project (Table 4.53). The table illustrates, for
each project, the years within which piling could occur intermittently for the spatial
maximum adverse scenario. For the temporal maximum adverse scenario, it is
expected that fewer animals would be affected but potentially over a longer duration
(i.e., up to a maximum of 16 years for all projects considered for this species).
Spatially, the maximum adverse scenario would occur where construction piling
coincided across the greatest number of Tier 1 projects identified in the CIA in Table
4.53. This approach to the assessment leads to an overly conservative estimate as
the CIA uses data from each projects’ impact assessment which has been based on
a maximum adverse scenario, and therefore all individual assessments are inherently
conservative. This means that a cumulative assessment of the Tier 1 projects based
on information in existing Environmental Statements will collectively be even more
highly precautionary than the project alone assessments and for this reason it is not
considered appropriate or accurate to sum the totals for each project.
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behavioural disturbance will be displaced and that the proportion affected decreases
moving further away from the source. Based on the dose-response model proposed
by Finneran et al. (2005), the numbers affected within the behavioural noise contour
may be substantially overestimated (paragraph 4.6.87 et seq.). This provides context
in understanding that not all animals within the zone of possible avoidance for each
project will be displaced on any one day. If this same assumption was applied across
the other Tier 1 projects you would expect to see a similar reduction in predicted
impacts at these sites.
4.7.33

For example, if a dose-response relationship were applied to the Tier 1 numbers as
has been done for Project Two, the number of animals potentially displaced as a
result of pile driving from these projects would be considerably less than the total
number estimated within the zone of possible avoidance (e.g., approximately 50%
avoidance for Project Two).

4.7.34

Southall et al. (2007) describe a range of behavioural responses such as changes in
swimming direction, speed and dive profile, shifts in group distribution, cessation or
modification of vocalisations, cessation of feeding or breeding behaviour, aggressive
behaviour (tail slapping, fluke display, abrupt directed movement), visible startle
response, and in the most severe instances displacement and/or long term avoidance
of the area. Whilst it may be over-precautionary to suggest that all animals disturbed
will be displaced, it should be recognised that these other behavioural changes, such
as erratic swimming behaviour, cessation of vocalisations, deep diving etc., may also
have fitness consequences for individuals. Therefore, the total counts of animals
within the noise contour for possible disturbance (whether displaced or not) are
presented in this chapter.

4.7.35

4.7.36

As discussed previously (paragraphs 4.6.60 and 4.6.61), preliminary results from the
DEPONS model suggests that harbour porpoise will return rapidly to a site following
cessation of piling, and particularly where food resources within a disturbed area are
rich. DEPONS has been run to compare a scenario of no piling (baseline) with two
cumulative piling scenarios: cumulative piling of 21 (minimum) to 31 (maximum)
offshore wind farms (8.2 to 12.4 GW capacity respectively) over a period of five years
in the south central North Sea (van Beest et al., in prep). Preliminary results of the
model suggest that, even for the maximum piling scenario, the return times appear to
be relative short (within hours) for displaced individuals (Jacob Nabe-Neilsen, pers.
comm.,), and therefore it could be surmised that even with multiple piling events,
restriction of access to food resources (due to subsea noise from piling) may be
short-lived. It should be noted that at this stage the results from DEPONS are
preliminary and therefore it is not possible to conclusively state that there will be no
long-term population-level effect.

shown for the Project Two cumulative assessment where the construction phase for
offshore wind farms extend for up to 16 years). This duration of effect may not have
an effect on the model outcome given the rapid return times, since there is likely a
trade-off between affecting a larger area for a shorter time or affecting smaller areas
over a longer duration.
4.7.37

The PCoD model was not run for a cumulative scenario, due to the complexities of
setting up model for other projects where data on piling times was not available. In
any case, it has been discussed with the SNCBs (JNCC and NE, pers. comm.) that
the cumulative PCoD model should be undertaken at a strategic level, so that a
consistent approach to parameterising the model can be developed across all wind
farm projects. The PCoD model will also be useful in understanding the potential
differences between worst case temporal and worst case spatial scenarios, in terms
of which is more likely (if at all) to lead to longer term effects on marine mammal
populations.

4.7.38

Harbour porpoise, an internationally important receptor, is considered to be of high
vulnerability over the duration of the piling activity, with the potential for medium to
high recovery following cessation of the piling. Due to the spatial and temporal extent
of the potential effects, and uncertainties in the population-level effect of disturbance
over this magnitude of impact, the sensitivity is assessed as being medium to high.
Significance of effect

4.7.39

Piling has the potential to result in a medium term (up to a maximum of 16 years),
cumulative, negative effect on harbour porpoise for the Tier 1 assessment. However,
this will be intermittent during the construction piling period for the cumulative projects
assessed. Given the uncertainties in the results presented in the Environmental
Statements for other projects and therefore the assumptions that have been made to
inform a quantitative assessment in this chapter, the effects of cumulative piling noise
of harbour porpoise are predicted to be of short to medium term duration and
moderate adverse significance.

4.7.40

An increase in the level of significance (above moderate) would occur if the
population showed low recoverability following cessation of piling. The evidence
presented in this chapter shows that, in all likelihood, disturbed or displaced animals
will move back into the area following cessation of the noise disturbance, and
therefore in the long-term population recovery is considered likely. Although there is
some uncertainty in the population-level effects due to a paucity of long-term studies,
this has been addressed by adopting a precautionary approach throughout the
assessment.

The DEPONS model considers the scenarios whereby piling occurs over a six year
period. The cumulative assessment for Project Two includes piling at various
locations across the south central North Sea that may occur over a longer period (as
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Table 4.52

Effect ranges for behavioural disturbance of harbour porpoise based on the minimum and maximum scenarios modelled for projects included in the cumulative
assessment. Note: these figures relate to the scenarios modelled in the respective EIAs rather than any subsequent revisions in the DCOs as listed in Table 4.50.

Project

Project Two

Project design modelled scenario
range
225 x 8 MW monopile foundations (3,000
kJ hammer energy) or 120 x 15 MW jacket
foundations (1,700 kJ).

Minimum modelled
effect range (km)
~25 to 50
(based on 1,700 kJ
hammer energy)

Maximum modelled
effect range (km)
~25 to 62

Total area affected
(km2)

Predicted significance of
effect

3,758 – 5,201

Moderate adverse

Tier 1 projects
Project One (SMart Wind,
2013)
Race Bank
(Centrica Energy, 2009)
Westermost Rough (DONG
Energy, 2009)
Humber Gateway (E.ON,
2008)
Triton Knoll
(TKOWFL, 2012)
Dudgeon
(Royal Haskoning, 2009)
East Anglia One
(EAOWFL, 2012)
Dogger Bank Creyke Beck A
(Forewind, 2013a)
Dogger Bank Creyke Beck B
(Forewind, 2013a)
Blythe Demonstration Site
(Narec, 2012) 1
Dogger Bank Teeside A
(Forewind, 2013b)
Dogger Bank Teeside B
(Forewind, 2013b)
Tier 2 projects

Up to 2,300 kJ hammer energy
(monopiles or jackets). Maximum 332 x 5–
8 MW turbines3.
Up to 206 x 4.5 m to 6 m diameter
monopoles

19.4 - 28.7

28.8 - 46.6

2,544 – 3,555

Minor to moderate adverse (short
to medium term) and minor
adverse in long term

4 - 8.5 22

8 – 12 2

453 2

Minor to moderate adverse

N/A

N/A

10 km (not modelled)

N/A

Negligible

83 x 6 m diameter monopiles

N/A

11.42

4082

Minor significance

288 x 3 m to 8.5 m diameter monopiles

13.8 2

16.6 2

863 2

Minor adverse

168 x 3 m to 6.5 m diameter monopiles

6.2 2

14.0 2

616 2

Minor adverse

325 x 2 m to 2.5 m jackets (pin piles)

13.0

19.0

531-1,400

Not significant

300 x 4MW turbines (jackets), 300 kJ
hammer energy (soft-start) to 3,000 kJ
maximum hammer energy.
300 x 4MW turbines (jackets), 300 kJ
hammer energy (soft-start) to 3,000 kJ
maximum hammer energy.

N/A
19.5 - 28.5

1,971 (single) and 4,772
(concurrent)

Minor adverse

24 – 43

3,483 (single) and 6,723
(concurrent)

Minor adverse

2 x 4 MW monopiles (piling over 2 days)

Not modelled

Not modelled

Not modelled

Low impact and magnitude

200 jackets, 3,000 kJ hammer energy

10 – 13.5 (soft-start)

22 – 33

200 jackets, 3,000 kJ hammer energy

10 – 14 (soft-start)

22 – 33.5

N/A

2,618 (single) and 6,008
(concurrent)
2,834 (single) and 5,489
(concurrent)

Minor adverse
Minor to moderate adverse

Spatial worst case: concurrent installation
of 2x12 m diameter monopiles (3,500 kJ
~29 to 51
10,027 (temporal)
East Anglia Three
hammer). Temporal worst case: 172 x
(based on 1,800 kJ
~37-70 (3,500 kJ)
Minor adverse
13,469 (spatial)
7MW devices, and 8 offshore platforms
hammer energy)
(1,800kJ hammer).
1
The Blythe Demonstration Site is not included further in the cumulative impact assessment as no quantitative assessment of impacts was made for the project.
2
Based on different marine mammal noise assessment criteria to that used in Project Two (i.e., dBht).
3
The assessment for Project Two has been undertaken on the basis of a design envelope for Project One of up to 332 turbines as presented in the submission documentation in July 2013 (SMart
Wind, 2013). However, the Secretary of State has recently awarded Development Consent for Project One in December 2014 based on the Applicant’s submission during examination to reduce the
overall maximum number of turbines within Project One from 332 to 240.
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Table 4.53

Construction programme for other offshore wind farms included in the cumulative assessment for harbour porpoise showing the maximum numbers of animals within
the zone of possible avoidance and potentially affected by piling noise on any one day during piling for each year of construction. These numbers are for the spatial
maximum scenarios, with the potential temporal overlap of the offshore construction periods are shown by cells shaded grey. Numbers affected by the maximum
temporal scenario would be lower than those given in this table but effects could occur over a longer period (i.e., within more of the grey shaded cells). The numbers for
Project Two relate to the maximum adverse spatial scenario where piling occurs intermittently over a maximum five year construction piling period. NOTE: it is not
considered appropriate to sum these figures for each year of construction as this would represent an overestimate of effects that would be unrealistic in the assessment
of cumulative effects.

Tier

Project

2013

2014

2015

2016

Project Two 1,2,3

Dudgeon4

368

Race Bank4

271

Triton Knoll

1

2019

2020

2021

2022

Start
Q4
11,451

11,451

11,451

11,451

11,451

Finish
Q3
11,451

271

244

948

948

948

948

High

High

244

Low
7,5137

East Anglia One12

1,433

1,433

6,8499

6,8499

6,8499

6,8499

6,3497

6,3497

6,3497

5, 6

Relative confidence in
quantitative assessment

Low

7,5137

Dogger Bank Teeside A and B

…2028

Low

188
244

…2027

Low

Dogger Bank Creyke Beck A
and B5, 6

Hornsea Project One 8

2

2018

948

Westermost Rough4
Humber Gateway4

2017

6,8499

7,5137

7,5137

7,5137

7,5137

High
High

East Anglia Three 10

1

High
6,3497

6,3497

2,86911

2,86911

6,3497

High
High

Based on concurrent piling and acoustic density estimates which are the higher compared with visual density estimates.
Numbers of individuals affected are based on the spatial maximum adverse scenario for the Project Two alone assessment and therefore the maximum hammer energy of 3,000 kJ (Table 4.26).
3
Project Two construction piling to commence Quarter 4 of 2017 and be completed by Quarter 3 of 2022 (maximum of six years duration). Numbers are presented from 2017 to 2022 as these are
the numbers affected by a single piling event during each year and do not therefore represent the total number per year.
4
Number of individuals affected has been estimated using the SCANS Block U density estimate of 0.598 animals per km2.
5
Based on combined harbour porpoise and potential harbour porpoise sightings data and combined numbers from both projects.
6
Based on a concurrent build of both projects (i.e., spatial worst case scenario).
7
Approximately 4,200 hours piling over 3 to 6 years for each project within the development (i.e., each of Creyke Beck A and B and each of Teeside A and B).
8
Project One based on visual density estimates which are higher compared with acoustic density estimates and concurrent piling. Assessment based on a design envelope for Project One of up to
332 turbines as presented in the submission documentation in July 2013 (SMart Wind, 2013), although Development Consent has recently been awarded for up to 240 turbines.
9
During concurrent piling the duration of piling is up to 178 days over an 18 month period with piling phased over a construction period of up to five years.
10
Numbers presented based on considering a response by 75% of the individuals within the possible avoidance range.
11
Spatial worst case scenario assumes concurrent pile driving could occur over a maximum of 444 hours and 36 minutes over 24 months within the 2.5 year construction period.
12
Piling of jacket foundations at the East Anglia One site is likely to be on-going, weather permitting, for approximately 17 months.
2
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Tier 2

4.7.45

Magnitude of impact
4.7.41

4.7.42

4.7.43

The Tier 2 assessment considers Project Two cumulatively with all Tier 1 projects as
well as the Tier 2 project, East Anglia Three. The assessment presented in the East
Anglia Three Environmental Statement (Vattenfall, 2014), predicts possible
avoidance of harbour porpoise out to approximately 37 km and 70 km for full hammer
strike energy at 3,500 kJ. Based on the spatial worst case for two monopile
foundations to be installed concurrently using a 3,500 kJ hammer (maximum of 444
hours and 36 minutes of pile driving over two years), the total area within the possible
avoidance range is 13,469 km2 (using the footprint approach). Based on the temporal
worst case for jacket foundations to be installed using a single vessel and 2,000 kJ
hammer energy (maximum of 1,272 hours of pile driving over two years), the total
area within the possible avoidance range is 10,027 km2 (using the footprint
approach).
The maximum construction phase for the Tier 1 and Tier 2 projects extends from
2013 to 2028 (i.e., a maximum cumulative construction duration of 16 years). For
these projects there is a period of five years (last quarter of 2017 to third quarter of
2022) where the construction phases for Tier 2 and Tier 1 projects directly overlap
with the construction phase of Project Two, meaning that the maximum number of
piling vessels would occur over this duration.
Tier 2 piling activities are considered to affect harbour porpoise directly with
behavioural effects of regional extent over the medium to long term, (up to 16 years,
2013 to 2028), leading to possible displacement and potential negative effects on
ecological processes such as breeding and feeding. Following cessation of piling
these effects are considered to be reversible. Therefore, the magnitude of impact for
the Tier 2 assessment is considered to be medium.

Significance of effect
4.7.46

Piling has the potential to result in a short to medium term (up to a maximum of 16
years), cumulative effect on harbour porpoise for the Tier 2 assessment. However,
this will be intermittent during the maximum 16 year construction piling period for the
cumulative projects assessed. Given the uncertainties in the results presented in the
Environmental Statements for other projects, (including estimates made for Project
Two), and the assumptions that have been made to inform a quantitative assessment
in this chapter, the effects of cumulative piling noise on harbour porpoise are
predicted to be of moderate adverse significance (i.e., significant in EIA terms) in the
short to medium term, with expected recovery over the longer term following
cessation of piling.
Harbour porpoise as a feature of Natura 2000 sites

4.7.47

Harbour porpoise is listed as a qualifying feature, but not a primary reason for
designation, for a number of European sites within the regional marine mammal study
area (paragraph 4.5.33). It is likely that harbour porpoise will regularly move between
offshore wind farms in the regional marine mammal study area and these European
sites, and that the possible cumulative disturbance may have negative effects on this
species as a feature of SACs/SCIs in the region.

4.7.48

Given the population range of harbour porpoise (the reference population being that
of the whole of the North Sea) and wide extent of available habitat elsewhere there is
the potential for animals from SACs/SCIs to avoid the disturbed areas during
cumulative piling activity by utilising habitat elsewhere in non-disturbed areas.

4.7.49

An assessment of the potential effects for harbour porpoise, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report: Information to Support the Appropriate
Assessment for Project Two (SMart Wind, 2014).

Sensitivity of receptor
4.7.44

Harbour porpoise, an internationally important VER, is considered to be of medium to
high vulnerability over the duration of the piling activity, with the potential for high
recovery following cessation of the piling. Therefore in this locality the sensitivity is
assessed as being medium to high.

Behavioural disturbance as a result of piling at East Anglia Three may lead to
possible avoidance of up to 2,869 harbour porpoise assuming, and, as stated in the
Environmental Statements, it is predicted that 75% of those individuals within the
possible avoidance range actually demonstrate avoidance behaviour (Table 4.53). If
piling at East Anglia Three coincided with piling at other Tier 1 projects then this
would result in potential behavioural disturbance of a significant proportion of the
population. The numbers estimated in the impact assessment reflect possible
disturbance as a whole and do not distinguish between different levels of disturbance
(see paragraph 4.7.34). It is expected that at any one time the percentage of the
regional population disturbed is not additive across all projects due to the phasing of
piling activities. In addition, the coincidence of actual piling at Tier 2 project is limited
to a fraction of the total construction period.
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White-beaked dolphin

4.7.53

The spatial maximum adverse scenario for potential cumulative disturbance is for the
maximum area of ensonification arising from the largest hammer energy and/or the
maximum number of piling vessels operating at any one location. The duration of the
spatial worse case may therefore be less than for the temporal worst case as piling
may be completed in a shorter period.

4.7.54

Piling at East Anglia One is likely to be ongoing for 17 months (EAOWFL, 2012), and
approximately 4,200 hours piling over 3 to 6 years is anticipated for each of the
Creyke Beck A and B (Forewind, 2013a) and each of the Teeside A and B projects
(Forewind, 2013b). More detailed information on when exactly during the entire
construction phase this might occur is not available, however, it is assumed that
spatially the effects would occur over the piling phase for Project Two. For Project
One, detailed information on the construction piling programme is available and the
piling phase is expected to overlap with Project Two for a period of three years.

4.7.55

The temporal maximum adverse scenario would be piling during construction phases
that extend over more than the longest duration for Project Two, i.e., up to 14 years
(2015 to 2028) based on current information on indicative construction schedules
presented in Table 4.50.

4.7.56

The impact is predicted to be of local spatial extent, medium term though intermittent
(during pile driving activity) and reversible. It is predicted that the impact will affect
white-beaked dolphin directly. The magnitude is therefore, considered to be low.

Tier 1
Magnitude of impact
4.7.50

The Tier 1 assessment considers Project Two cumulatively with consented or
submitted applications. Of the Tier 1 projects in the regional marine mammal study
area listed in Table 4.50, only Project One, East Anglia One, Dogger Bank Creyke
Beck A and B and Dogger Bank Teeside A and B considered white-beaked dolphin
as a key species within their impact assessments. The indicative construction
timescales for these Tier 1 projects indicate that the offshore construction phases are
predicted to coincide with Project Two (Table 4.50).

4.7.51

The construction phase for the Tier 1 projects that consider white-beaked dolphin as
a receptor extend between 2015 and 2028, making the total duration of construction
14 years. For these projects there is a period of five years (last quarter of 2017 to
third quarter of 2022) where the construction phases for the Tier 1 projects coincide
with the construction phase of Project Two, meaning that at some point during this
time there may be several piling vessels operating concurrently. The maximum
impact range for likely avoidance for a single piling event at East Anglia One was
estimated as 600 m, and for possible avoidance the impacts could occur out to 3.0
km encompassing an area within approximately 28 km2 (EAOWFL, 2012). For two
piling events occurring simultaneously at East Anglia One the maximum area of likely
avoidance is predicted as 0.016 km2 and the area of possible avoidance was
56.54 km2. The maximum range and extent of possible avoidance for a single piling
event at Dogger Bank Creyke Beck A and Dogger Bank Creyke Beck B is predicted
to be 7.5 km (156 km2) and 9 km (149 km2), respectively (Forewind, 2013a). For
concurrent piling events at Dogger Bank the maximum area of possible avoidance is
expected to increase to 1,328 km2 for Creyke Beck A and 1,456 km2 for Creyke Beck
B. The maximum range and extent of possible avoidance for a single piling event at
Dogger Bank Teeside A and Dogger Bank Teeside B is predicted to be 8.5 km (209
km2) and 8.5 km (200 km2), respectively (Forewind, 2013b). For concurrent piling
events at Dogger Bank Teeside the maximum area of possible avoidance is expected
to increase to 1,414 km2 for Teeside A and 1,416 km2 for Teeside B.

4.7.52

Sensitivity of receptor
4.7.57

Table 4.54 provides a summary of the number of animals affected on any one day
during each year for the spatial maximum cumulative piling construction period for the
offshore wind farm projects assessed in the CIA for white-beaked dolphin. Similar to
Project Two, the sightings of white-beaked dolphin were very low for East Anglia One
(nine animals recorded during site-specific surveys in total), and therefore no density
estimates were given for this offshore wind farm project. The impact assessment
concluded that there would be no significant effects on white-beaked dolphin.

4.7.58

The Dogger Bank Creyke Beck A and B assessment predicts possible avoidance as
a result of piling of up to 19 white-beaked dolphin (Table 4.54) as a worst case based
on sequential piling of Creyke Beck A and Creyke Beck B (i.e., summation of
numbers affected from each project in isolation and no overlap between projects)
(Forewind, 2013a). Dogger Bank Teeside A and B predicts possible avoidance as a
result of sequential piling at both project sites of up to 42 white-beaked dolphin (Table
4.54).

Noise modelling carried out for Project One predicted that white-beaked dolphin were
likely to avoid an area up to 2 km from the source, whilst possible avoidance could
occur out to 7.7 km for the 2,300 kJ hammer energy and greatest propagation
distance (SMart Wind, 2013). The maximum impact range for Project Two was
modelled as 11 km for the largest hammer energy (3,000 kJ) (Table 4.29). For all
other Tier 1 projects white-beaked dolphin was not considered as a key species and,
as such, no assessment was made for effects of piling noise on this species.

4-158

4.7.59

Predicted disturbance impacts for Project One are estimated at 2.75 individuals for
concurrent piling within Subzone 1 and based on a maximum hammer energy of
2,300 kJ (SMart Wind, 2013). Numbers affected by the temporal maximum adverse
scenario will be lower than those presented in Table 4.54, but effects could occur
over a longer duration (i.e., intermittently over a maximum of 14 years). As noted
previously in paragraph 4.7.13, the consented design envelope for Project One is for
240 turbines, as opposed to the 332 turbines considered in the Project Two
cumulative assessment for white-beaked dolphin. The reduction in design envelope
will therefore most likely reduce the level of impacts on white-beaked dolphin from
those presented above.

4.7.60

The baseline assessment showed that white-beaked dolphin are generally only
present in the regional marine mammal study area during the colder, winter months
due to their sensitivity to higher water temperatures in the summer. Therefore, piling
would only affect them over the winter period, and the calculations of numbers
affected show that only small numbers may be behaviourally displaced.

4.7.61

White-beaked dolphin, a nationally important VER, is considered to be of low
vulnerability, since very small numbers would be affected over the duration of the
concurrent piling activity, and there is potential for high recovery following cessation
of the piling. The sensitivity of white-beaked dolphin is therefore, considered to be
low.
Significance of effect

4.7.62

Cumulative piling will result in a medium term (up to 14 years) effect for the Tier 1
assessment, although with the potential for recovery to baseline levels in the long
term. However, this will be intermittent during the maximum ten year construction
piling period for the cumulative projects assessed. The effect will, therefore, be of
minor adverse significance, which is not significant in EIA terms.
Tier 2

4.7.63

The East Anglia Three Environmental Statement does not considered white-beaked
dolphin as a receptor and there are no other plans/projects within the regional marine
mammal study area which are on the PINS Programme of Projects but have not yet
submitted an application for consent. As such there is no Tier 2 assessment for this
impact.
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Table 4.54

Tier

Construction programme for other offshore wind farms included in the cumulative assessment for white-beaked dolphin showing the maximum numbers of animals within
the zone of possible avoidance and potentially affected by piling noise on any one day during piling for each year of construction. These numbers are for the spatial
maximum scenarios and the potential temporal overlap of the offshore construction periods are shown by cells shaded grey. Numbers affected by the maximum temporal
scenario would be lower than those given in this table but effects could occur over a longer period (i.e., within more of the grey shaded cells). The numbers for Project
Two relate to the maximum adverse spatial scenario where piling occurs intermittently over a maximum five year construction piling period. NOTE: it is not considered
appropriate to sum these figures for each year of construction as this would represent an overestimate of effects that would be unrealistic in the assessment of
cumulative effects.
Project

2015

2016

Project Two 1,5
Dogger Bank Creyke Beck
A and B 4,6
1

East Anglia One 3
Hornsea Project One

2

Dogger Bank Teeside A
and B 4,6
1

2.75

2017

2018

2019

2020

2021

2022

Start
Q4
3.47

3.47

3.47

3.47

3.47

Finish
Q3
3.47

19

19

…2027

…2028

Relative confidence in
quantitative assessment
High

19

19

19

19

N/A

N/A

N/A

N/A

Low

2.75

2.75

2.75

2.75

High

42

42

42

42

42

High

42

High

Project Two numbers of individuals affected are based on the spatial maximum adverse scenario for the Project Two alone assessment.

2

Project One piling based on concurrent piling. Assessment based on a design envelope for Project One of up to 332 turbines as presented in the submission documentation in July 2013 (SMart
Wind, 2013), although Development Consent has recently been awarded for up to 240 turbines.
3

No density estimates due to very low numbers recorded during site-specific surveys.

4

Based on a sequential build (i.e., summing impacts from each project in isolation, with no overlap).

5

Project Two construction piling to commence Quarter 4 of 2017 and be completed by Quarter 3 of 2022 (maximum of six years duration). Numbers are presented from 2017 to 2022 as these are
the numbers affected by a single piling event during each year and do not therefore represent the total number per year.

6

Approximately 4,200 hours piling over 3 to 6 years for each project within the development (i.e., each of Creyke Beck A and B and each of Teeside A and B).
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Sensitivity of receptor

Minke whale
Tier 1

4.7.68

Table 4.55 provides a summary of the number of animals affected on any one day
during each year for the spatial maximum cumulative piling construction period for the
offshore wind farm projects assessed in the CIA for minke whale. Similar to Project
Two, the sightings of minke whale were low, for example, no minke whales were
recorded during any of the East Anglia One site-specific surveys (EAOWFL, 2012).

4.7.69

The Dogger Bank Creyke Beck A and B assessment predicts possible avoidance as
a result of piling of up to 36 minke whale (Table 4.55) based on a summation of
numbers affected from each project in isolation (Forewind, 2013a). The potential
disturbance as a result of Dogger Bank Teeside A and B projects for likely avoidance
is 50 individuals and for possible avoidance is 131 individuals (Forewind, 2013b).
During concurrent piling for Project One, the noise modelling assessment predicts a
maximum of 160.1 animals potentially affected by possible avoidance (0.84% of the
reference population) based on a maximum hammer energy of 2,300 kJ (SMart Wind,
2013). As noted previously in paragraph 4.7.13, the consented design envelope for
Project One is for 240 turbines, as opposed to the 332 turbines considered in the
Project Two cumulative assessment for minke whale. The reduction in design
envelope will therefore most likely reduce the level of impacts on minke whale from
those presented above.

4.7.70

Numbers affected by the temporal maximum adverse scenario will be lower than
those presented in Table 4.55, but effects could occur over a longer duration (i.e.,
intermittently over a maximum of 14 years).

4.7.71

As described in paragraph 4.5.67, the relative density estimates for minke whale from
the site-specific data support the conclusion that minke whale may be at the southern
limit of its distribution within the Greater Wash. This is reflected in the low numbers of
minke whale observed in the site-specific surveys. Minke whale were seen across
fewer months in Subzone 2 when compared to Subzone 1 and the wider Hornsea
Zone plus 10 km buffer, which is likely due to the southern limit of their distribution
and that these latter areas also coincide with known areas of sandbank habitat
suitable for sandeels (key prey species).

4.7.72

The numbers presented in the impact assessment represent the total estimates of
animals that may be disturbed up to the thresholds specified by the subsea noise
models. Therefore, they do not distinguish between the range of behavioural
reactions that could occur as a result of noise disturbance, with long term avoidance
being at the more severe end of the scale (see paragraph 4.7.34). For example, if a
dose-response relationship were applied to the Tier 1 numbers as has been done for
Project Two, the number of animals potentially displaced as a result of pile driving
from these projects would be considerably less than the total number estimated
within the zone of possible avoidance (e.g., approximately 70% avoidance for Project
Two).

Magnitude of impact
4.7.64

4.7.65

4.7.66

4.7.67

The Tier 1 assessment considers Project Two cumulatively with consented or
submitted applications. Of the Tier 1 offshore wind farm projects in the regional
marine mammal study area, minke whale was considered a key species for Project
One (SMart Wind, 2013), Dogger Bank Creyke Beck A and B (Forewind, 2013a) and
Dogger Bank Teeside A and B (Forewind, 2013b). Therefore, cumulative effects are
unlikely to occur with Project Two and the majority of the Tier 1 projects within the
regional marine mammal study area.
The construction phase for the Tier 1 projects that consider minke whale as a
receptor extends between 2015 and 2028, making the total duration of construction
14 years. For these projects there is a period of five years (last quarter of 2017 to
third quarter of 2022) where the construction phases for each of the Tier 1 projects
coincide with the construction phase of Project Two, meaning that at some point
during this time there may be several piling vessels operating concurrently. The
maximum range and extent of possible avoidance for a single piling event at Dogger
Bank Creyke Beck A and Dogger Bank Creyke Beck B is predicted to be up to 35
km (2,827 km2) and 56 km (5,665 km2), respectively. For concurrent piling events at
Dogger Bank the maximum area of possible avoidance is expected to increase to
6,111 km2 for Creyke Beck A and 9,569 km2 for Creyke Beck B (Forewind, 2013a).
The maximum range and extent of possible avoidance for a single piling event at
Dogger Bank Teeside A and Dogger Bank Teeside B is predicted to be 41 km (3,940
km2) and 41 km (4,172 km2), respectively (Forewind, 2013b). For concurrent piling
events at Dogger Bank Teeside the maximum area of possible avoidance is expected
to increase to 7,962 km2 for Teeside A and 7,133 km2 for Teeside B (Forewind,
2013b).
Noise modelling carried out for Project One predicted that minke whale are likely to
avoid an area up to 22.6 km from the source, whilst possible avoidance could occur
out to 57.5 km for the 2,300 kJ hammer energy and greatest propagation distance
(SMart Wind, 2013).
The impact is predicted to be of regional spatial extent, intermittent (during piledriving activity) and reversible. Based on the temporal maximum adverse scenario
construction programme for Project Two and overlapping piling construction
timeframes for other Tier 1 projects, the impact could occur over a period of ten
years. It is predicted that the impact will affect minke whale directly. The magnitude is
therefore, considered to be medium due to the large ensonified area within the
regional marine mammal study area.
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4.7.73

Minke whale is an internationally important VER and considered to be of medium
vulnerability over the duration of the piling activity with the potential for high recovery
following cessation of the piling. Therefore, the sensitivity is assessed as being low to
medium.
Significance of effect

4.7.74

Cumulative piling will result in a medium term (up to 14 years) effect for the Tier 1
assessment, although with the potential for recovery to baseline levels in the long
term. Although, this will be intermittent during the maximum ten year construction
piling period for the cumulative projects assessed, due to the large area that will be
potentially ensonified within the regional marine mammal study, a precautionary
approach has been applied to the assessment. The effect will, therefore, be of
moderate adverse significance, which is significant in EIA terms.
Tier 2

4.7.75

The East Anglia Three Environmental Statement does not consider minke whale as a
receptor and there are no other plans/projects within the regional marine mammal
study area which are on the PINS Programme of Projects but have not yet submitted
an application for consent. As such there is no Tier 2 assessment for this impact.
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Table 4.55

Tier

Construction programme for other offshore wind farms included in the cumulative assessment for minke whale showing the maximum numbers of animals within the
zone of possible avoidance and potentially affected by piling noise on any one day during piling for each year of construction. These numbers are for the spatial
maximum scenarios and the potential temporal overlap of the offshore construction periods are shown by cells shaded grey. Numbers affected by the maximum
temporal scenario would be lower than those given in this table but effects could occur over a longer period (i.e., within more of the grey shaded cells). The numbers for
Project Two relate to the maximum adverse spatial scenario where piling occurs intermittently over a maximum five year construction piling period. NOTE: it is not
considered appropriate to sum these figures for each year of construction as this would represent an overestimate of effects that would be unrealistic in the assessment
of cumulative effects.
Project

2015

2016

2017

2018

2019

2020

2021

2022

Start
Q4
51

51

51

51

51

Finish
Q3 51

36

36

36

36

36

36

160

160

160

160

131

131

131

131

131

Project Two 1,2,5
1

Dogger Bank Creyke Beck A and B 3,
6

Hornsea Project One 2
Dogger Bank Teeside A and B

160
3, 6

…2027

…2028

Relative confidence in
quantitative assessment
High

High

131

High

1

Project Two numbers of individuals affected are based on the spatial maximum adverse scenario for the Project Two alone assessment and therefore the maximum hammer energy of 3,000 kJ
(Table 4.26).

2

Project One and Project Two piling based on concurrent piling.

3

Based on a sequential build (i.e., summing impacts from each project in isolation, with no overlap).

5

Project Two construction piling to commence Quarter 4 of 2017 and be completed by Quarter 3 of 2022 (maximum of six years duration). Numbers are presented from 2017 to 2024 as these are
the numbers affected by a single piling event during each year and do not therefore represent the total number per year.
6

Approximately 4,200 hours piling over 3 to 6 years for each project within the development (i.e., each of Creyke Beck A and B and each of Teeside A and B).
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Grey seal

4.7.80

Although piling is not predicted to occur concurrently at all Tier 1 projects, some
overlap in construction phases is anticipated (Table 4.50). Construction is scheduled
to overlap for up to three years for Project Two and Project One. Therefore, the
temporal extent of the piling for these two projects within the Hornsea Zone will lead
to a cumulative increase in piling duration above that of Project Two alone due to
Project One piling commencing a year prior to Project Two. Consideration of all Tier 1
projects further extends the cumulative piling period within the marine mammal study
area up to 16 years. However, this is precautionary since piling will not occur over the
whole duration of the construction period.

4.7.81

The impact to grey seal is predicted to be of local to regional extent, intermittent
(during pile-driving activity) and reversible. The impact could occur over a period of
up to 16 years in total. It is predicted that the impact will affect grey seal directly, and
the magnitude is considered to be low to medium.

Tier 1
Magnitude of impact
4.7.76

Table 4.56 provides a summary of the projects included in the Tier 1 cumulative
underwater noise assessment for grey seal with construction timescales overlapping
that of Project Two. The effect ranges for behavioural disturbance of grey seal as well
as the total area affected, as predicted in the respective Environmental Statements,
where available, are presented for the minimum and maximum scenarios for each
project. Blythe Demonstration Site, Dudgeon and Westermost Rough projects were
not considered to be located an area of importance for grey seal and no assessment
for this species was made for these projects, as such these projects were not
included in the CIA.

4.7.77

The construction phase for the projects that consider grey seal as a receptor extends
between 2013 and 2028 (maximum duration of construction 16 years). For these
projects there is a period of five years (last quarter of 2017 to third quarter of 2022)
where the construction phases for the Tier 1 projects overlap with the construction
phase of Project Two, meaning that at some point during this time there may be
several piling vessels operating concurrently.

4.7.78

Table 4.56 shows the effect ranges for each of the offshore wind farms considered in
the assessment of cumulative noise effects on grey seal. Notably the effect range for
behavioural disturbance of pinnipeds using the dBht approach (Race Bank, Triton
Knoll and Humber Gateway) tends to result in much greater noise contours compared
with the contours for Southall’s TTS/fleeing noise criteria (see paragraph 4.6.40).
Further research on the response of seals to measured SELs during piling activity
has been undertaken at the Lincs offshore wind farm as part of a DECC funded
project and the results from this (due later this year) will be informative for reviewing
noise metrics for future offshore wind farm assessments.

4.7.79

Noise modelling carried out for Project One were similar to those for Project Two and
predicted that grey seal are likely to avoid an area up to <1.7 km from the source for
the 2,300 kJ hammer energy and greatest propagation distance (SMart Wind, 2013).
Due to the small areas of disturbance predicted for Project Two and Project One, the
noise contours for both projects are unlikely to overlap.
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Table 4.56

Effect ranges for behavioural disturbance of pinnipeds based on the minimum and maximum scenarios modelled for projects included in the cumulative assessment.
Note: these figures relate to the scenarios modelled in the respective EIAs rather than any subsequent revisions in the Development Consent Orders (DCOs) as listed in
Table 4.50.
Project

Project design modelled scenario range

Minimum modelled
effect range (km)

Maximum modelled
effect range (km)

Total area
affected (km2)

Predicted significance of
effect

120 x 15 MW jacket foundations (3,000 kJ
hammer energy) to 180 x 5 MW jackets (1,700 kJ)

<1.0

<2.0

14.12 – 25.12
(concurrent)

Minor adverse

Project One (SMart Wind,
2013)

Up to 2,300 kJ hammer energy (monopiles or
jackets). Maximum 332 x 5–8 MW turbines2.

<1.0

<1.7

4.36 – 8.44

Minor adverse

Race Bank
(Centrica Energy, 2009)

Up to 206 x 4.5 m to 6 m diameter monopiles

7.3 1

11.5 1

N/A

Minor to moderate (only
harbour seal assessed)

Triton Knoll
(TKOWFL, 2012)

288 x 3 m to 8.5 m diameter monopiles

10.5 1

12.1 1

347 – 465 1

Minor adverse

Humber Gateway (E.ON,
2008)

83 x 6 m diameter monopiles

N/A

8.91

2491

Minor significance

East Anglia One
(EAOWFL, 2012)

325 x 2 m to 2.5 m jackets (pin piles)

N/A

0.3

0.283

Not significant

Dogger Bank Creyke Beck A
and (Forewind, 2013a)

300 x 4MW turbines (jackets), 1,200MW.

N/A

<1.8

32

Negligible (single) to minor
(concurrent)
(only grey seal assessed)

Project Two
Tier 1 projects

Dogger Bank Creyke Beck B
(Forewind, 2013a)

300 x 4MW turbines (jackets), 1,200MW.

N/A

<1.9

32

Negligible (single) to minor
(concurrent)
(only grey seal assessed)

Dogger Bank Teeside A
(Forewind, 2013b)

200 jackets, 3,000 kJ hammer energy

<400 m (soft-start)

<1.9

9 (single)
18 (concurrent)

Minor adverse (only grey seal
assessed)

Dogger Bank Teeside B
(Forewind, 2013b)

200 jackets, 3,000 kJ hammer energy

<400 m (soft-start)

<1.9

9 (single)
18 (concurrent)

Minor adverse (only grey seal
assessed)

Spatial worst case: concurrent installation of
2x12m diameter monopiles (3,500 kJ hammer)
Temporal worst case: 172 x 7MW devices, and 8
offshore platforms, (1,800kJ hammer).

<1.5

<2.5

19.6

Negligible

Tier 2 projects

East Anglia Three

1

Based on different marine mammal noise assessment criteria to that used in Project Two (i.e., dBht).

2

Assessment based on a design envelope for Project One of up to 332 turbines as presented in the submission documentation in July 2013 (SMart Wind, 2013), although Development Consent has
recently been awarded for up to 240 turbines.
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Sensitivity of receptor
4.7.82

Of the projects screened into this CIA for grey seal (Table 4.56), only Dogger Bank
Creyke Beck A and B, Dogger Bank Teeside A and B and Project One quantify the
number of animals potentially affected by behavioural disturbance.

4.7.83

Triton Knoll is scheduled to commence construction in 2019 and estimates the effects
of piling as likely disturbance of up to 2.5% of the Humber Estuary SAC population,
and possible disturbance of up to 7.7% of the Humber Estuary SAC population
(TKOWFL, 2012). No quantitative estimates are given for the number of animals
affected or proportion of the population affected by the Humber Gateway offshore
wind farm (E.ON, 2008). Similar to Project Two, the impact ranges predicted for East
Anglia One are highly localised (Table 4.56) and the East Anglia One Environmental
Statement concluded, that given the low level of seal use of the site, the effect on
grey seals would be negligible (EAOWFL, 2012).

4.7.84

4.7.85

4.7.86

The Dogger Bank Creyke Beck A and B Environmental Statement predicts that
concurrent piling will affect up to 54 animals and 66 animals (based on maximum
mean at-sea densities multiplied by the area of the noise contour) for Creyke Beck A
and Creyke Beck B, respectively (Forewind, 2013b). The Dogger Teeside A and B
Environmental Statement estimated the total number of seals likely to avoid the area
from Dogger Creyke Beck A and B projects and Teeside A and B projects as 155
individuals, which equates to approximately 0.7% of the reference population
(Forewind, 2013b).
Estimates of the number of grey seals affected by TTS/fleeing in Project One are
similar to those calculated for Project Two. For concurrent piling at Project One, the
number of animals affected by TTS/fleeing was relatively small, with a maximum of
0.164 animals (site-specific data) and 6.29 animals (SMRU data), accounting for
0.003% and 0.106% of the Humber Estuary SAC population, respectively, (SMart
Wind, 2013). The number of animals affected for Project Two were comparable for
the site-specific data (0.21 animals, accounting for 0.003% of the Humber Estuary
SAC population or 0.002% of the South-east England MU population (Table 4.36).
SMRU modelled at-sea densities predict lower numbers affected for Project Two than
for Project One, maximum of 1.35 animals (0.019% of the Humber Estuary SAC
population or 0.01% of the South-east England MU population). As noted previously
in paragraph 4.7.13, the consented design envelope for Project One is for 240
turbines, as opposed to the 332 turbines considered in the Project Two cumulative
assessment for grey seal. The reduction in design envelope will therefore most likely
reduce the level of impacts on grey seal from those presented above.

4.7.87

Grey seal may be sensitive to disturbance due to the duration of the cumulative piling
works within the regional marine mammal study area, which is expected to last up to
16 years for Tier 1 projects (Table 4.50). This could lead to an overall reduction in
available habitat during this period, with potential consequences on fitness of
individuals and energetic costs if animals have to swim longer distances to avoid
areas of disturbance. However, grey seal may be tolerant of loud noises during
certain activities, such as foraging (Richardson et al., 2005). In addition, the area of
disturbance is very small in comparison to the extent of available habitat elsewhere
and it is unlikely that seals will be displaced from all Tier 1 projects on any one day,
suggesting that individuals will be able to continue foraging and consequently there is
unlikely to be a reduction in fitness.

4.7.88

Grey seal, an internationally important VER, is therefore considered to be of low to
medium vulnerability over the duration of the cumulative piling activity with the
potential for high recovery following cessation of the piling. Therefore, the sensitivity
is assessed as being low to medium.
Significance of effect

4.7.89

Potential impacts could persist over a long period of time (i.e., up to 16 years),
however this will be intermittent during the period for the cumulative projects
assessed, with the potential for recovery to baseline levels in the long term. The
effect will, therefore, be of minor to moderate adverse significance. If piling overlaps
across the majority of Tier 1 projects (a less realistic scenario) the sensitivity of grey
seal would be medium and therefore by taking a precautionary approach the
significance could be moderate, which is significant in EIA terms. However, long term
effects would not be significant.
Tier 2
Magnitude of impact

4.7.90

The maximum range and extent of possible avoidance for grey seal for piling at East
Anglia Three using a 2,000 kJ hammer energy is <1.5 km whereas for a 3,500 kJ
hammer energy this is increased to <2.5 km (19.6 km2) (Vattenfall, 2014).

4.7.91

Spatially, the maximum adverse scenario would be concurrent piling at Tier 1 and
Tier 2 projects over the same period (i.e., over the offshore Project Two construction
period). Temporally, the maximum adverse scenario would be piling during
construction phases that extend over more than the longest duration for Project Two
(i.e., up to 16 years (2013 to 2028)) based on current information on indicative
construction schedules presented in Table 4.50.

As before, the numbers presented are for maximum spatial adverse scenario.
Numbers affected by the temporal maximum adverse scenario will be lower in
comparison, but effects could occur over a longer duration (i.e., intermittently over a
maximum of 16 years).
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4.7.92

The impact is predicted to be of regional spatial extent, intermittent (during piledriving activity) and reversible. Based on the temporal maximum adverse scenario
construction for Project Two and overlapping piling construction timeframes for Tier 1
and Tier 2 projects, the impact could occur over a period of 16 years. It is predicted
that the impact will affect grey seal directly and the magnitude is considered to be
low to medium.

Grey seal as a feature of Natura 2000 sites
4.7.97

Since the potential for a significant effect has been identified an assessment of the
potential effects on grey seal as a feature of SACs and SCIs in the wider area must
be made. Grey seal is a primary reason for designation for the Berwickshire and
North Northumberland Coast SAC, 242.3 km to the north of Project Two and for the
Noordzeekustzone SAC and Noordzeekustzone II pSCI, both 192 km to the east in
Dutch waters. In addition, grey seal is listed as a qualifying feature for the Humber
Estuary SAC, the Klaverbank pSCI, the Dutch Dogger Bank pSCI and the Vadehavet
med Ribe Ǻ, Tved Å og Varde Å vest for Varde SAC (paragraph 4.5.33). Grey seal is
also a non-qualifying feature of the Dogger Bank cSAC, the Inner Dowsing, Race
Bank and North Ridges SCI and the Haisborough, Hammond and Winterton SCI
(paragraph 4.5.35).

4.7.98

Grey seals as qualifying features of European sites within the regional marine
mammal study area are likely to occur within Project Two and other offshore wind
farms assessed within this CIA, either on-route or actively using the site for foraging.
However, a full assessment of the potential effects on grey seal, as a feature of these
European sites is beyond the scope of this Environmental Statement. This is
considered in detail in the HRA Report for Project Two (SMart Wind, 2014).

Sensitivity of receptor
4.7.93

The sensitivity of grey seal to the cumulative effects of underwater noise from piling
operations for Tier 1 offshore wind farm sites has been described in paragraph 4.7.79
et seq. The East Anglia Three Environmental Statement estimated the total number
of grey seal likely to avoid the area as 0.274 individuals for a single piling event and
double this for a concurrent piling event (Vattenfall, 2014).

4.7.94

As discussed in the Tier 1 assessment, there will also be piling at Tier 1 projects
during this period and the total duration of piling at all offshore wind farms in the
southern North Sea is estimated to up to 16 years. Consequently, although
concurrent piling may be localised for grey seal, the species may be sensitive as a
result of ongoing disturbance over a longer period in the regional marine mammal
study area. As a result, there may negative effects on ecological functions (feeding or
breeding) over this period, although this is likely to be reversible following cessation
of piling.

4.7.95

Grey seal, an internationally important VER, is therefore considered to be of low to
medium vulnerability over the duration of the cumulative piling activity with the
potential for high recovery following cessation of the piling. Therefore, the sensitivity
is assessed as being low to medium.

Harbour seal
Tier 1
Magnitude of impact
4.7.99

Significance of effect
4.7.96

Potential impacts could persist over a long period of time, i.e., up to 16 years,
however, this will be intermittent during this period for the cumulative projects
assessed, with the potential for recovery to baseline levels in the long term. The
effect will, therefore, be of minor to moderate adverse significance. If piling overlaps
across the majority of Tier 1 and 2 projects (a less realistic scenario) the sensitivity of
grey seal would be medium and therefore by taking a precautionary approach the
significance could be moderate, which is significant in EIA terms. However, long term
effects would not be significant.

The Tier 1 projects, identified in Table 4.56, that also include harbour seal as a
receptor that has been assessed are Project One, Triton Knoll, East Anglia One,
Humber Gateway and Race Bank. Although piling is not predicted to occur
concurrently at all of these projects, some overlap in construction phases is
anticipated (Table 4.50). Harbour seal was not considered to be a VER in the Dogger
Bank Creyke Beck A and B assessment, nor the Dogger Bank Teeside A and B
assessment, and as such these projects were excluded from the Project Two CIA.

4.7.100 The construction phase for the projects that consider harbour seal as a receptor
extend between 2013 and 2022, making the total duration of construction 10 years.
For these projects there is a period of five years (last quarter of 2017 to third quarter
of 2022) where the construction phases for the Tier 1 projects coincide with the
construction phase of Project Two, meaning that at some point during this time there
may be several piling vessels operating concurrently.
4.7.101 The impact ranges for Tier 1 projects are predicted for harbour seal behavioural
effects out to <1.7 km for Project One, 0.3 km for East Anglia One, 12.2 km for Triton
Knoll and 8.98 km for Humber Gateway (Table 4.56).
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4.7.102 Although the spatial worst case would be concurrent piling at all Tier 1 projects, given
that piling phases are unlikely to overlap entirely a lower level of disturbance of
harbour seal from areas of the regional marine mammal area may be expected.
Temporally, construction piling at Tier 1 projects could occur over a maximum
duration of 10 years, however, piling would represent only a proportion of this entire
construction period.
4.7.103 The impact to harbour seal is predicted to be of local to regional extent, intermittent
(during pile-driving activity) and reversible. The impact could occur over a period of
up to 10 years in total. It is predicted that the impact will affect harbour seal directly.
The magnitude is therefore, considered to be low to medium.
Sensitivity of receptor
4.7.104 As described in paragraph 4.7.79, the impact range for pinnipeds from East Anglia
One was highly localised (300 m) and the area was highlighted as an area with low
level of seal use (numbers affected were not presented) (EAOWFL, 2012). The
estimate of the effects of piling at Triton Knoll, is given as likely disturbance up to
2.0% of The Wash and North Norfolk Coast SAC population, and possible
disturbance of up to 6.2% of The Wash and North Norfolk Coast SAC population
(TKOWFL, 2012). No estimates of the number of animals, or the proportion of the
population affected were given for the Humber Gateway offshore wind farm (E.ON,
2008).
4.7.105 Modelled impact areas were greater for Race Bank compared with Project Two, with
a maximum impact range of up to 11.5 km; effects of minor to moderate were
predicted in the Environmental Statement (numbers affected were not presented)
(Centrica Energy, 2009). For Project One no more than one individual, (0.112 to 0.45
animals in total based on the site-specific and SMRU at-sea densities, respectively),
was predicted to be affected on any one day by the maximum hammer energy
modelled (2,300 kJ) for concurrent piling.
4.7.106 It is only possible to undertake a quantitative cumulative assessment for Project Two
and Project One as all other Tier 1 project Environmental Statements that assess
harbour seal as a VER do not present numbers affected. The total number of
individuals affected by concurrent piling at Project Two and single piling at Project
One were calculated using both the site specific data and the SMRU at-sea modelled
density estimates in order to give the range of potential effects (Project Two
concurrent piling) and SMart Wind, 2013 (Project One)). For the three year duration
over which the Project Two and Project One construction piling programmes are
anticipated to overlap (2017 to 2019), estimates of the total number of harbour seal
potentially displaced by cumulative piling at Project Two and Project One are 0.46
animals for Project Two and 0.112 animals for Project One (site-specific data) and
0.80 animals for Project Two and 0.45 animals for Project One (SMRU at-sea data)
(Table 4.37 and SMart Wind, 2013). As noted previously in paragraph 4.7.13 the

consented design envelope for Project One is for 240 turbines, as opposed to the
332 turbines considered in the Project Two cumulative assessment for harbour seal.
The reduction in design envelope will therefore most likely reduce the level of impacts
on harbour seal from those presented above.
4.7.107 As before, the numbers presented are for maximum spatial adverse scenario.
Numbers affected by the temporal maximum adverse scenario will be lower in
comparison, but effects could occur over a longer duration (i.e., intermittently over a
maximum of 10 years).
4.7.108 Piling at the Tier 1 projects in the regional marine mammal study area could lead to
an overall reduction in available habitat (and prey) during this period, with potential
consequences on fitness of individuals. As income breeders, harbour seals
continually forage to build up energy resources throughout the year, feeding also
during breeding and lactation, and may therefore be relatively well buffered against
short term variability in prey (Thompson et al., 2013a). However, given that the
construction timescales for Tier 1 projects are indicative, in reality not all of these will
overlap temporally with the piling period of Project Two. It is also likely that piling will
not occur for the full duration of the offshore construction periods for offshore wind
farm projects, (e.g., the Project Two temporal maximum adverse scenario is for 1.32
years of piling phased over five years), therefore this assessment is considered
highly precautionary.
4.7.109 Thompson et al. (2013a) investigated the potential effects of piling on the long term
viability of the harbour seal Moray Firth SAC population for the spatial and temporal
worst cumulative construction scenarios at two offshore wind farms (paragraph
4.6.182). The population model for harbour seal showed that recovery to baseline
levels is likely to occur following cessation of piling, for the spatial worst case and
temporal worst case scenarios (the latter comprising a seven year piling phase within
the Moray Firth).
4.7.110 Harbour seal, an internationally important VER, is therefore considered to be of low to
medium vulnerability over the duration of the cumulative piling activity with the
potential for high recovery following cessation of the piling. The sensitivity of harbour
seal is therefore, considered as low to medium.
Significance of effect
4.7.111 Potential impacts could persist over a long period of time (i.e., up to 10 years),
however this will be intermittent during the this period for the cumulative projects
assessed, with the potential for recovery to baseline levels in the long term. The
effect is predicted to be of minor to moderate adverse significance, where moderate
significance would occur if piling overlaps across the majority of Tier 1 projects (a
less unrealistic scenario). Effects of moderate significance are significant in EIA
terms, however, it is predicted that the population would recover to baseline levels
and therefore long term effects would not be significant.
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Tier 2
Magnitude of impact
4.7.112 The maximum range and extent of possible avoidance for harbour seal for piling at
East Anglia Three using a 2,000 kJ hammer energy is <1.5 km whereas for a
3,500 kJ hammer energy this is increased to <2.5 km (19.6 km2) (Vattenfall, 2014).
4.7.113 Spatially, the maximum adverse scenario would be concurrent piling at Tier 1 and
Tier 2 projects over the same period (i.e., over the offshore Project Two construction
period). Temporally, the maximum adverse scenario would be piling during
construction phases that extend over more than the longest duration for Project Two,
i.e., up to 10 years (2013 to 2022) based on current information on indicative
construction schedules presented in Table 4.50.
4.7.114 The impact is predicted to be of regional spatial extent, intermittent (during piledriving activity) and reversible. Based on the temporal maximum adverse scenario
construction for Project Two and overlapping piling construction timeframes for Tier 1
and Tier 2 projects, the impact could occur over a period of 10 years. It is predicted
that the impact will affect harbour seal directly and the magnitude is considered to be
low to medium.
Sensitivity of receptor
4.7.115 The sensitivity of harbour seal to the cumulative effects of underwater noise from
piling operations for Tier 1 offshore wind farm sites has been described in paragraph
4.7.101 et seq. The East Anglia Three Environmental Statement estimated the total
number of grey seals likely to avoid the area as 0.006 individuals for a single piling
event which would be doubled in the case of concurrent piling (Vattenfall, 2014).
4.7.116 As discussed in the Tier 1 assessment, there will also be piling at Tier 1 projects
during this period and the total duration of piling at all offshore wind farms in the
southern North Sea is estimated to up to 10 years. Consequently, although
concurrent piling may be localised for harbour seal, the species may be sensitive as a
result of ongoing disturbance over a longer period in the regional marine mammal
study area. As a result, there may negative effects on ecological functions (feeding or
breeding) over this period, although this is likely to be reversible following cessation
of piling.

Significance of effect
4.7.118 Potential impacts could persist over a long period of time, i.e. up to 10 years,
however this will be intermittent during the this period for the cumulative projects
assessed, with the potential for recovery to baseline levels in the long term. The
effect will, therefore, be of minor to moderate adverse significance. If piling overlaps
across the majority of Tier 1 and 2 projects (a less unrealistic scenario) the sensitivity
of harbour seal would be medium and therefore by taking a precautionary approach
the significance could be moderate, which is significant in EIA terms. However, long
term effects would not be significant.
Harbour seal as a feature of Natura 2000 sites
4.7.119 Harbour seal is a primary reason for designation of The Wash and North Norfolk
SAC, located 90.5 km from Subzone 2 (paragraph 4.5.33 et seq.). The Wash and
North Norfolk Coast SAC is home to the largest breeding colony of harbour seal in
the UK, and hosts 7% of the total UK population of this species. Of the transboundary
sites, harbour seal is also a primary reason for designation for Noordzeekustzone
SAC and Noordzeekustzone II pSCI. Harbour seal is listed as a qualifying feature for
the Humber Estuary SAC, Klaverbank pSCI, Dutch Doggersbank pSCI and German
Doggerbank pSCI.
4.7.120 It is possible that harbour seal from many of these designated sites may occur within
the Project Two offshore wind farm area, either on-route or actively using the sites for
foraging. However, a full assessment of the potential effects on grey seal, as a
feature of these European sites is beyond the scope of this Environmental Statement.
This is considered in detail in the HRA Report for Project Two (SMart Wind, 2014).
Cumulative increase in vessel traffic arising from construction and operation and
maintenance of offshore developments may result in increased noise disturbance to
marine mammals.
4.7.121 Potential cumulative effects from increased noise disturbance to marine mammals
may arise from vessel traffic during the construction and operation of offshore
developments within the regional marine mammal study area.

4.7.117 Harbour seal, an internationally important VER, is therefore considered to be of low to
medium vulnerability over the duration of the cumulative piling activity with the
potential for high recovery following cessation of the piling. Therefore, the sensitivity
is assessed as being low to medium.

4-169

Tier 1
Magnitude of impact
4.7.122 The projects included in the Tier 1 assessment which are currently under construction
or operational are summarised in Table 4.50. Underwater noise levels during the
operational phase are predicted to be considerably lower than those of the
construction phase, being limited to fewer numbers of maintenance vessel traffic.
However, due to the potentially overlapping construction and operation and
maintenance timeframes, the cumulative assessment for increased vessel noise is
considered over the long term from construction through to operation and
maintenance.
4.7.123 The vessels used for construction/operation and maintenance of these projects are
predicted to be similar to those described for Project Two (paragraphs 4.6.236 et
seq.), and include jack-ups, and vessels for scour protection, grout support, cable
laying, pre-cable laying and post cable laying activities. Vessel transits to and from
the offshore wind farms will, as far as possible, remain within existing shipping routes
and construction/operation and maintenance activity will be localised within the
offshore wind farm site. Whilst most vessels will be slow moving, these can generate
low-frequency noise, which could be carried over several kilometres.
4.7.124 Numbers of vessels are available for eight of the Tier 1 projects: Project One,
Humber Gateway, Triton Knoll, Race Bank, Dogger Bank Creyke Beck A and B,
Dogger Bank Teeside A and B, Dudgeon and East Anglia One (Table 4.57). It was
not possible to determine the vessel numbers from the Environmental Statements for
Sheringham Shoal, Teeside or Lincs. However, as these three wind farms are
operational, the number of vessels required for operation and maintenance activities
would be lower than during construction and would constitute a small increase in
vessel traffic.
4.7.125 Based on the current levels of vessel activity of 35 vessels per day (or 12,775 per
year) passing within a 10 NM radius of Subzone 2 (Chapter 7: Shipping and
Navigation), there will be an increase in vessel numbers during the period of overlap
in construction of Project Two and Project One. During the operational phase there is
predicted to be a total of 5,813 vessels per year for Project One and Project Two
which equates to an increase of 46% above current baseline levels within the
Hornsea Zone.
4.7.126 There are 12 licenced and 13 application aggregate extraction areas within the
regional marine mammal study area, with a single dredger assumed to be working
within the area on any one day. However, it has not been possible to accurately
quantify the number of vessel movements for each of these aggregate extraction
sites.

4.7.127 Although there is a high level of existing vessel traffic in the regional marine mammal
study area, to which marine mammals appear to have acclimatised, the cumulative
increase represents a potential long term increase in vessel noise disturbance. The
magnitude of effect is therefore, considered to be medium.
Sensitivity of receptor
4.7.128 The sensitivity of marine mammals to vessel disturbance from Tier 1 projects is as
described previously for Project Two alone (paragraph 4.6.241 et seq.) since vessel
movement is considered over the long term from construction through to operation
and maintenance and decommissioning.
4.7.129 The predominant sources of underwater noise produced by vessels are the propeller
and the machinery required for propulsion and power generation. The machinery
noise and other structure-borne sources of noise radiate into the water through the
hull of the ship, whereas noise from the propeller is generated in the water
(International Workshop on Shipping Noise and Marine Mammals, 2008). The types
and ranges of impacts from vessel noise are highly dependent on the characteristics
of the sound source, the environment in which the sound occurs, and the animal(s)
receiving the sounds.
4.7.130 In summary, auditory injury from vessel traffic is considered unlikely given the current
background levels of noise in the region and therefore the effect is most likely to be
disturbance in relation to the noise generated from crew-transport vessels. Whilst
some species, such as harbour porpoise may actively avoid such vessels, others,
including white-beaked dolphin may be attracted to high-speed vessels, displaying
bow-riding behaviour.
4.7.131 Baleen whales (e.g., minke whales), and some seals are particularly vulnerable to
impacts from incidental shipping noise because they produce and perceive lowfrequency sounds. Ships are known to radiate noise in all frequency bands, with the
highest sound levels at the lowest frequencies (below 150 Hz), (International
Workshop on Shipping Noise and Marine Mammals, 2008). Although porpoises have
been demonstrated to sometimes react to noise (Brandt et al., 2011 and Richardson
and Würsig, 1997) they are often found in high densities in areas with heavy traffic
(Sveegaard et al., 2011), suggesting that they are capable of acclimating to noise.
Nabe-Nielsen et al. (2013) modelled the impacts of disturbances on harbour porpoise
movement and population dynamics in Inner Danish Waters to assess the impact of
by-catch and noise from wind turbines and ships. The model showed that none of the
scenarios considered suggested that post-construction noise from wind turbines or
ships had any influence on the long term survival or the resilience of the population.
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Table 4.57

Tier

N/A

Estimates of vessel movements for Tier 1 and Tier 2 offshore wind farm
projects.
Offshore wind farm

Vessel trips during
construction

Project Two

2,817 vessels per year.

Project One (SMart Wind,
2013)

6,966 in total (over up
to five years).

2,630 vessels per year.

Humber Gateway (E.ON,
2008)

Not provided; no
overlap of construction
phase with Project
Two.

186 scheduled
maintenance trips per
year.
730 unscheduled trips per
year.

Triton Knoll
(TKOWFL, 2012)

7,700 movements per
year1

18,440 movements per
year1

~ 2,730 per year

88 - 176 per year
scheduled (1-2 per
turbine).
176 - 528 per year
unscheduled (2-6 per
turbine.

1

Dogger Bank Creyke Beck
A and B (Forewind, 2013a)

2,610 construction
vessel trips over 3
years.
850 vessel trips for
material transport.

2

683 round trips to port per
year.
28 vessels on site.

Not provided.

Not provided.

East Anglia One
(Vattenfall, 2012)

39 in total.

~6 workboats per day.

Dogger Bank Teeside A
and B (Forewind, 2013b)

5,810 in total.

730 per year.

5,700 in total.

Triton Knoll Electrical
System (TKOWFL, 2014)

Vessel trips during
construction

Vessel trips during
operation and
maintenance

Maximum 20 vessels
using ducted propellers
at any one time over
maximum duration of
12 months (spread
over two years).

12 maintenance events (2
per cable) during the
lifetime of the project

1

Dudgeon
(Royal Haskoning, 2009)

East Anglia Three
(Vattenfall, 2014)

Offshore wind farm

Vessel trips during
operation and
maintenance

6,200 in total (over up
to 7.5 years).

Race Bank
(Centrica Energy, 2009)

Tier

4,015 support vessel
movements per year.
52 service vessel trips to
site per year.

Numbers presented here are ‘vessel movements’ as opposed to round trips to port so are not
directly comparable and will be higher compared to figures given for other projects.

4.7.132 Disturbance from vessel noise is predicted to occur as a series of short term events
(e.g., during the crew transfer times), over the construction and operation phases of
all projects. This would most likely result in avoidance behaviour for the more
sensitive species, such as minke whale and seals. The distance over which effects
will occur will vary according to the species and the ambient noise levels but masking
may potentially occur several kilometres from the noise source. Given the duration of
the impact, and the current background levels of vessel noise in the study area, it is
likely that marine mammals will tolerate this increase in vessel activity.
4.7.133 Marine mammals considered in this cumulative assessment are deemed of low to
medium vulnerability, high recoverability and VERs of national to international
importance. The sensitivity of marine mammals to noise from vessel traffic is
therefore, considered to be low.
Significance of effect
4.7.134 There is predicted to be a long term cumulative negative effect for Tier 1 projects of
low to medium magnitude on marine mammal receptors, which are of low sensitivity
to vessel noise. The effect will be of minor adverse significance, which is not
significant in EIA terms.
4.7.135 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
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Tier 2

Tier 1

Magnitude of impact

Magnitude of impact

4.7.136 East Anglia Three and the Triton Knoll Electrical System are the only two Tier 2
projects anticipated to give rise to cumulative effects of underwater noise from vessel
noise. East Anglia Three is expected to result in an increase in construction vessel
traffic of 5,700 vessel movements (from 45 vessels) above the Tier 1 assessment
(Vattenfall, 2014) and the Triton Knoll Electrical System is predicted to increase
vessel traffic by up to 20 vessels over up to two years (TKOWFL, 2014). The
predicted increase in operation and maintenance vessel traffic for East Anglia Three
above the Tier 1 assessment is 4,067 service and support vessel trips to site per
year (Vattenfall, 2014) and for the Triton Knoll Electrical System is 12 maintenance
events over the project lifetime (TKOWFL, 2014).

4.7.142 The increase in vessel traffic arising from Tier 1 projects is as described above for
impacts from disturbance from vessel noise. The numbers of vessels involved in
construction and operation of Tier 1 projects are presented in Table 4.57, and show
that over the duration of the projects there will be a considerable uplift in vessel
numbers in the regional marine mammal study area. However, collision risk from
vessel movement is intermittent and vessels movement are likely to be confined to
existing shipping routes and localised within project areas. In addition, it is likely that
the noise generated by the vessels will deter marine mammals from the immediate
vicinity (paragraph 4.7.128) and therefore collision with vessels in the proximity of
turbine locations is unlikely.

4.7.137 Vessel movements represent intermittent disturbance events and will be localised to
the Hornsea Zone during construction and operation of the wind farms. However, due
to the long term duration of the disturbance and the relative increase in vessel traffic
across the regional marine mammal study area for Tier 1 and Tier 2 projects the
magnitude is predicted to medium.

4.7.143 The impact is predicted to be of local spatial extent, long term duration and
intermittent. It is predicted that the impact will affect marine mammals directly. The
magnitude is therefore, considered to be medium.

Sensitivity of receptor
4.7.138 The sensitivity of marine mammals to the cumulative effects of underwater noise from
vessels for Tier 1 and Tier 2 projects is low and has been described in paragraph
4.7.125 et seq.
Significance of effect
4.7.139 There is predicted to be a long term cumulative negative effect for Tier 1 and Tier 2
projects of low to medium magnitude on marine mammal receptors, which are of low
sensitivity to vessel noise. The effect will be of minor adverse significance, which is
not significant in EIA terms.
4.7.140 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Draft Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the Draft HRA Report for Project Two (SMart Wind, 2014).
Cumulative increase in vessel traffic arising from construction and operation and
maintenance of offshore developments may result in increased collision risk to marine
mammals.

Sensitivity of receptor
4.7.144 The sensitivity of marine mammals to increased collision risk is as described
previously for construction-related collision risk for Project Two alone (see paragraph
4.6.257). In summary, there is little evidence to suggest that vessel activity is a
significant threat to marine mammals. The most sensitive species in the study is
harbour seal, and then grey seal. The evidence for this comes from a recent study of
seal carcasses which show corkscrew injuries that may be characteristic of collision
with ducted propellers (Thompson et al., 2010). Although the links are currently
unproven, in order to adopt the precautionary approach, the guidelines on risk
assessment for corkscrew injuries to seals (JNCC, 2012) have been followed here,
with recommendations for mitigation highlighted.
4.7.145 Distances from each of the offshore wind farms to The Wash and North Norfolk Coast
SAC (designated for harbour seal) and the Humber Estuary SAC (designated for grey
seal) were calculated (Table 4.58). Based on the JNCC guidance (summarised in
Table 4.47), the risk of corkscrew injury to grey seals from all offshore wind farms is
considered to be low. However, for construction vessels undertaking work within the
Project Two and Project One cable route corridor, these activities could occur within
4 NM of the Humber Estuary SAC. This therefore presents a medium risk to grey seal
(Table 4.47). Consideration of mitigation measures such as using vessels without
ducted propellers or avoiding activities during the grey seal breeding season may be
required, which will be discussed through consultation with SNCBs.

4.7.141 A cumulative increase in vessel traffic from Project Two alongside construction and
operation activities at other offshore developments may increase the risk of collision
and possible injury to marine mammals.
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Table 4.58

Distances from the closest boundary of other offshore wind farms in the
regional marine mammal study area to the boundaries of the SACs
designated for seals. Distances calculated as nautical miles (NM) are
applied to the risk assessment using the JNCC published guidelines on
corkscrew injuries (JNCC, 2012).

Offshore wind
farm

Distance to
the Wash
and North
Norfolk
Coast SAC
Km (NM)
90.5 (48.8)

JNCC Risk
Assessment:
harbour seal

Low

Project Two

Distance to
The Humber
Estuary SAC
Km (NM)
89.4 (48.3)

JNCC Risk
Assessment:
grey seal

Low

Cable route
corridor
(potentially
within 4 NM)

Medium

102 (55.1)

Low

Cable route
corridor
(potentially
within 4 NM)

Medium

Tier 1
94.5 (51.0)

Low

Project One

4.7.146 For harbour seals, there is considered to be a high risk of corkscrew injury from Lincs
offshore wind farm, medium risk from the Humber Gateway, Race Bank, Dudgeon
and Triton Knoll offshore wind farms and a low risk from Project Two, Project One,
East Anglia One, Dogger Bank Creyke Beck A and B and Westermost Rough.
Cumulatively, vessel movement for all tiers of assessment would present a medium
to high risk to harbour seals. The JNCC advice on mitigation for projects representing
a high or medium risk is to consider alternatives to ducted propellers and/or to avoid
the breeding season if possible. The cumulative effects from these combined risks
would be best limited by adopting the mitigation measures specified at a high and
medium risk level (Table 4.47). If avoidance of the breeding season or alternatives to
ducted propellers is not possible, JNCC recommends the use of a Seal Corkscrew
Injury Monitoring Scheme (JNCC, 2012).
4.7.147 Marine mammals are deemed to be of high vulnerability, low recoverability, and
VERs of national to international importance. The sensitivity of the receptor is
therefore, considered to be medium to high due to the possible combined effects of
medium and high collision risk identified for some of the wind farms (Table 4.58),
although the risk would be intermittent over the course of the construction period.
This is precautionary due to the current uncertainties surrounding this issue.
Significance of effect

Humber Gateway

52.3 (28.2)

Medium

8.1 (4.4)

Low

Westermost Rough

73.5 (39.7)

Low

14.7 (7.9)

Low

East Anglia One

189.3 (102.2)

Low

110.5 (59.6)

Low

Dogger Bank
Creyke Beck A and
B

188.1 (101.5)

Low

162.1 (87.5)

Low

Race Bank

18.8 (10.1)

Medium

35.9 (19.4)

Low

Dudgeon

27.1 (14.6)

Medium

75.0 (40.5)

Low

Triton Knoll

39.8 (21.5)

Medium

30.9 (16.7)

Low

Lincs

5.6 (3.0)

High

24.8 (13.4)

Low

Dogger Bank
Teeside A and B

188.1 (101.5)

Low

162.1 (87.5)

Low

East Anglia Three

112.7 (60.9)

Low

185.1 (99.9)

Low

Triton Knoll
Electrical System

14.2 (7.6)

Medium

10 (5.3)

Low

4.7.148 There is predicted to be a potential long term cumulative negative effect of moderate
adverse significance, which would be intermittent in nature over the duration of the
construction and operational phases, and reversible following cessation of the
activity. The impact is significant in EIA terms.
4.7.149 It is assumed that mitigation measures recommended by JNCC (2012) will be
adopted by other offshore wind farms where the magnitude is high or medium, which
would reduce the significance level to minor adverse and therefore, would not be
significant in EIA terms.
4.7.150 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).

Tier 2
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Tier 2
Magnitude of impact
4.7.151 East Anglia Three and the Triton Knoll Electrical System are the only Tier 2 projects
which are anticipated to give rise to cumulative effects with Project Two due to
increased risk of vessel collision. Based on the JNCC guidance (summarised in
Table 4.47), the risk of corkscrew injury to grey seals and harbour seals from East
Anglia Three is considered to be low (Table 4.58). For the Triton Knoll Electrical
System, according to the JNCC guidance the risk to grey seal is low and for harbour
seal is medium (Table 4.58).
4.7.152 The impact for Tier 1 and Tier 2 projects is predicted to be of local spatial extent, long
term duration and intermittent. It is predicted that the impact will affect marine
mammals directly. The magnitude is therefore, considered to be medium.
Sensitivity of receptor
4.7.153 The sensitivity of marine mammals to the cumulative effects of vessel collision risk for
Tier 1 and Tier 2 projects is medium to high and has been described in paragraph
4.7.144 et seq.
Significance of effect
4.7.154 There is predicted to be a potential long term cumulative negative effect of moderate
adverse significance, which would be intermittent in nature over the duration of the
construction and operational phases, and reversible following cessation of the
activity. The impact is significant in EIA terms.
4.7.155 It is assumed that mitigation measures recommended by JNCC (2012) will be
adopted by other offshore wind farms where the magnitude is high or medium, which
would reduce the significance level to minor adverse and therefore, would not be
significant in EIA terms.
Cumulative changes in fish and shellfish communities resulting from construction and
operation and maintenance of offshore developments may lead to a loss in prey
resources for marine mammals.
4.7.156 The cumulative assessment considers the effects of decreased prey availability on
marine mammals due to changes in the fish and shellfish community arising from
construction and operation of Project Two, with other planned and operational
offshore wind farms within a 50 km buffer from Project Two (refer to Chapter 3: Fish
and Shellfish Ecology).

4.7.157 Activities resulting in impacts on fish and shellfish receptors identified in paragraphs
4.6.287 and 4.6.370 have the potential to act cumulatively with those from other plans
or projects. The potential effects arising from each of these for each of the
assessment tiers are described in detail in Chapter 3: Fish and Shellfish Ecology. A
summary of the impacts is given below for each Tier.
Tier 1
Magnitude of impact
4.7.158 All of the potential cumulative impacts outlined above for effects on marine mammal
prey resources were assessed in Chapter 3: Fish and Shellfish Ecology as being of
minor adverse significance.
4.7.159 The fish and shellfish assessment predicted minor adverse effects on fish spawning
and nursery habitats from subsea noise produced during piling at Tier 1 projects in
the southern North Sea fish and shellfish study area. For all species, including the
more hearing sensitive species, such as herring, and key prey species such as
sandeel, there was only a small proportion of historic spawning habitats affected and
no effects were predicted in areas of recent spawning activity. No barrier effects were
predicted for migratory fish species and therefore a minor adverse effect was also
predicted for these species (Chapter 3: Fish and Shellfish Ecology).
4.7.160 Much of the temporary and permanent fish and shellfish habitat loss is predicted to
be highly localised within offshore wind farm sites, with potential for recovery
following cessation of the disturbance activity. Although the sensitivity of sandeels, a
key prey item for marine mammals, was assessed as typically higher than other
species (i.e., medium) the assessment showed that habitat loss would only occur in
areas of low intensity sandeel spawning, with no areas of high intensity affected.
4.7.161 Temporary habitat losses for all offshore wind farms, cables and pipelines, aggregate
extraction areas, disposal sites and pipeline developments are estimated to equate to
an area of approximately 79.895 km2. Long term habitat loss from offshore
development totals 11.85 km2. The estimate for temporary habitat loss is likely to be
a considerable over-estimation as only a proportion of the active licence areas, which
are included in the assessment, are dredged on any one day allowing for recovery
between dredging events. The permanent loss due to wind farm foundations and
related infrastructure represents 0.06% of the total area of subtidal habitat within the
representative 50 km buffer of Project Two for fish and shellfish.
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4.7.162 Cumulative increases in suspended sediment concentration and sediment deposition
were assessed as being of limited spatial extent and short term duration, with only
slight elevations in concentrations or deposition above baseline levels. Although
demersal spawning species (including sandeel) were described as the most
vulnerable to this impact, the magnitude of the impact was generally considered to be
low. Similarly, the cumulative impact of noise from piling on marine mammal prey
species was considered to be of low magnitude, with the proportion of spawning
habitats affected being small.
4.7.163 EMF arising from subsea cabling has the potential to cause adverse effects on fish
and shellfish receptors, although as for marine mammals the magnitude of effect was
considered to be low due to the highly localised nature of the electric and magnetic
field induced either side of the cable.
4.7.164 Of the impacts to marine mammal prey species (Chapter 3: Fish and Shellfish
Ecology) there was predicted to be only one potential beneficial effect resulting from
the long term introduction of new habitat. Under the Tier 1 scenario this equated to a
cumulative total of 18,390,395 m2 of hard substrate, which could be introduced within
a 50 km buffer of Project Two. This is considered to be a highly precautionary
maximum beneficial scenario as this assessment is based on the largest turbine (and
therefore largest area of new hard substrate), however it is possible that turbines that
are smaller than those assessed for Project Two will be installed, (which will be
greater in number, i.e., 360 5 MW turbines instead of 120 15 MW turbines). Negative
effects may occur if non-native species become established, however, there is
generally very little information concerning the intolerance of different fish and
shellfish receptors to invasion by non-indigenous species, though monitoring of
existing wind farms has not demonstrated any negative impacts. In addition, there is
little evidence of any non-indigenous species that are known to adversely affect key
species present in any of the communities that will be affected (paragraph 4.6.384
and Chapter 3: Fish and Shellfish Ecology).
4.7.165 The combined impacts to fish and shellfish resources are, on the whole highly
localised and the predicted effects of no greater than minor adverse significance.
Consequently, the magnitude of effects on marine mammals as a result of impacts to
important prey species will also be of local spatial extent and long term duration. The
magnitude is therefore, considered to be low.

Sensitivity of receptor
4.7.166 As described previously (paragraph 4.6.296 et seq.) marine mammals exploit a range
of prey resources and range widely to forage. Although some key prey items, such as
sandeel and herring, may be affected during construction and operation of offshore
developments within the fish and shellfish ecology 50 km buffer from Project Two,
these effects are localised and unlikely to result in a significant effect on fish and
shellfish assemblages. There is also potential for the operational wind farms in the
area to provide benefits to fish and shellfish due to the reef effect created by
introduced hard substrates, and this in turn may indirectly benefit marine mammals
through local increases in prey abundance.
4.7.167 Marine mammals are deemed to be of medium vulnerability, high recoverability and
of national to international importance. The sensitivity of marine mammals to changes
in the fish and shellfish community due to cumulative impacts is therefore, considered
to be low.
Significance of effect
4.7.168 Based on the low magnitude and low sensitivity of receptors, the cumulative negative
and positive effects of changes in fish and shellfish resources will be of minor
negative or positive significance, which is not significant in EIA terms.
4.7.169 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Tier 2
Magnitude of impact
4.7.170 The inclusion of Triton Knoll Electrical System in the Tier 2 assessment adds only a
very small increase in the quantification of indirect effects of changes in fish and
shellfish communities on marine mammal receptors. For example, long term habitat
loss increases from 11.85 km2 for Tier 1 to 12.08 km2 for Tier 2; temporary habitat
loss increases from 148.21 km2 to 150.19 km2 from Tier 1 to Tier 2; total habitat
creation increases from 18.39 km2 to 18.62 km2; and the length of subsea cables
contributing to cumulative EMF increases from 4,374 km to 4,814 km. Due to the
localised nature of the predicted effects on fish and shellfish receptors, the additional
effects from Triton Knoll Electrical System has not led to an increase in the
magnitude of impacts on fish and shellfish receptors beyond those already described
for Tier 1. Therefore, the magnitude of indirect effects on marine mammals is
assessed as being low.
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Sensitivity of receptor
4.7.171 The sensitivity of marine mammals to changes in fish and shellfish communities was
described previously (paragraph 4.6.296 et seq.) and in Tier 1 above. Marine
mammals are deemed to be of medium vulnerability, high recoverability and of
national to international importance. The sensitivity of marine mammals to changes in
the fish and shellfish community due to cumulative impacts is therefore, considered to
be low.
Significance of effect
4.7.172 Based on the low magnitude and low sensitivity of receptors, the cumulative negative
and positive effects of changes in fish and shellfish resources from Tier 2 projects will
be of minor negative or positive significance, which is not significant in EIA terms.
Cumulative increase in electromagnetic fields (EMF) emitted by subsea cables from
offshore operational projects may affect marine mammal behaviour.
4.7.173 The cumulative assessment considers the effects of EMF emitted by subsea cables
from Project Two and other planned and operational offshore wind farms within a 50
km buffer from Project Two (Table 4.59), which have the potential to have cumulative
effects on marine mammal receptors.
Tier 1
Magnitude of impact
4.7.174 As detailed in paragraph 4.6.347 et seq. the strength of magnetic fields decreases
both horizontally and vertically from the cable, and based on studies of other offshore
wind farms, the effects are predicted to be localised to within the immediate vicinity of
the cable (Table 4.59). The greatest potential for effects is predicted to be for direct
current (DC) and therefore, since most inter-array cables are alternating current (AC),
the effects are likely to arise from export cables that use HVDC cables.
4.7.175 Project design mitigation includes setting minimum separation distances between
adjacent cables based on the risks and practicalities of construction and
maintenance. In shallower areas, such as the intertidal zone, a minimum separation
of 40 m may be expected but this is likely to increase to 100 m in deeper waters. This
is particularly important where there is potential for cumulative effects of adjacent
export cables sharing the same cable route corridor. In addition, cables are designed
with a protective sheathing to reduce magnetic and electric fields.

Table 4.59

Cumulative EMF for Project Two and offshore wind farms in the Tier 1
assessment within a representative 50 km buffer of Project Two.

Project

Worst case interarray and export
cable length (km2)

Source

Tier 1
Project Two

1,885

See Table 4.17

78

Export cable route = 19.4 km and inter-array
cables = 58.5 km. Total cable length of
78 km (E.ON, 2008).

180

Export cable route = 2 x 47.5 km = 95 km
and inter-array cables = 85 km. Total cable
length of 180 km (Centrica Energy, 2007)

122

Export cable route = 22 km and inter-array
cables = 100 km. Total cable length of 122
km (Scira Offshore Energy, 2006).

Dudgeon Offshore
Wind Farm

240

Export cable route = 4 x 40 km and interarray cables = 80 km. Total cable length of
240 km (Royal Haskoning, 2009).

Race Bank Offshore
Wind Farm

200

Export cable route = 61 km and inter-array
cables = 139 km. Total cable length of 200
km (Centrica Energy, 2009).

Triton Knoll
Offshore Wind Farm

475

Taken from Triton Knoll Offshore Wind Farm
Project Description (RWE, 2012).

Westermost Rough
Offshore Wind Farm

64

Export cable = 11 km and inter-array cables
= 53 km. Total cable length of 64 km
(DONG, 2009).

Project One
Offshore Wind Farm

1,130

Export cable route = 600 km and inter-array
cables = 530 km. Total cable length of 1130
km. Value taken from Environmental
Statement (SMart Wind, 2013b).

Total Tier 1
offshore wind
farms

4,374

Humber Gateway
Offshore Wind Farm
Lincs Offshore Wind
Farm
Sheringham Shoal
Offshore Wind Farm

Tier 2
Triton Knoll
Electrical System

396

Total Tier 2
offshore wind
farms

4,814
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Taken from draft Environmental Statement
(Triton Knoll Offshore Wind Ltd., 2014)

4.7.176 It has not been possible to determine the exact specifications of electrical cables for
each of the Tier 1 offshore wind farm projects predicted to have a cumulative effect
on marine mammals though predictions have been made for the cumulative length of
electrical cables associated with these projects (see Table 4.59) (SMart Wind, 2013;
E.ON, 2008; Centrica Energy, 2009; DONG, 2009; Royal Haskoning, 2009;
TKOWFL, 2012). The maximum length of inter array and export cables from Tier 1
projects is estimated as 4,374 km (Table 4.59).
4.7.177 The impact is predicted to be of highly localised spatial extent within each of the
offshore wind farm areas, long term duration (i.e., the lifetime of the offshore wind
farm projects), continuous and irreversible (during the lifetime of the offshore wind
farm projects). It is predicted that the impact will affect marine mammal receptors
directly. Due to the localised spatial extent, the magnitude is therefore, considered to
be low.
Sensitivity of receptor
4.7.178 The effects of EMF on marine mammals are poorly understood but possible
responses have been described as changes in behaviour, such as sharp exhalations,
acoustic activity, and slight deviations in swimming route (paragraph 4.6.353 et seq.).
Although magnetic fields from DC cables have been identified as those more likely to
cause behavioural changes in marine mammals compared with AC cables, the
evidence for this is scarce. For example, as described previously (paragraph 4.6.357)
harbour porpoise are known to migrate regularly across HVDC cables in the
Skagerrak and western Baltic Sea, without any apparent effect on its migration
pattern (Walker 2001). However, for baleen whales (including minke whales) the
effects of magnetic fields may be more apparent since the current understanding is
that these species use the earth’s geomagnetic fields to navigate during migration.
Conflicting hypotheses on the effects of magnetic fields highlight the uncertainty with
understanding marine mammals’ sensitivity to this impact.
4.7.179 Based on the project design mitigation described above (minimum separation
distance and protective sheathing; paragraph 4.7.172) it is unlikely that there will be
additional cumulative effects (such as magnification of the magnetic fields) from
export cables sharing the same corridor, such as is the case with Hornsea Project
One and Project Two.
4.7.180 Marine mammals are deemed to be of low to medium vulnerability to the effects of
EMF. Due to the uncertainties associated with this impact assessment the sensitivity
of marine mammals, internationally important VERs, is considered to be low to
medium.

Significance of effect
4.7.181 Although there is potential for cumulative effects of EMF as a result of electrical
cables from other offshore wind farm projects, cumulative effects on marine mammal
behaviour are not expected to be of greater significance than those assessed for
Project Two alone (paragraph 4.6.356), due to the limited extent over which any
behavioural effects would be expected (i.e., within metres of the cable). Based on the
low magnitude predicted for the Tier 1 assessment and the overall low to medium
sensitivity of receptors, the cumulative effect of EMF from cables within the 50 km
buffer of Project Two is of minor adverse significance, which is not significant in EIA
terms.
4.7.182 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Tier 2
Magnitude of impact
4.7.183 Only one Tier 2 project (i.e., a project which is on the PINS Programme of Projects
but has not yet submitted an application for consent) has been identified within the
representative 50 km buffer. That project is the Triton Knoll Electrical System project
which is predicted to result in only a small increase in the total length of electrical
cables above the Tier 1 assessment (i.e., 395 km). Table 4.59 shows the maximum
cumulative length of inter array and export cables associated with all Tier 1 and Tier 2
projects, with up to 4,814 km of cables predicted to be installed for projects within a
50 km buffer of Project Two.
4.7.184 The impact is predicted to be of highly localised spatial extent within each of the
project areas and, as such, the magnitude is therefore, considered to be low.
Sensitivity of receptor
4.7.185 The sensitivity of marine mammals to EMF was described previously (paragraph
4.6.353 et seq.) and in paragraph 4.7.174 for Tier 1. Marine mammals are deemed to
be of low to medium vulnerability to the effects of EMF. Due to the uncertainties
associated with this impact assessment the sensitivity of marine mammals,
internationally important VERs, is considered to be low to medium.
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Significance of effect

4.8.3

A number of EU ministries were consulted during the Phase 1 and Phase 2
Consultation for Project Two including those from Belgium, Denmark, Germany,
France, Netherlands, Norway and Sweden but responses regarding Project Two
were only received from the Belgium, Dutch and Danish Authorities. No concerns
were raised by the Belgium or Dutch Authorities concerning marine mammals (see
Annex 4.5.2: Transboundary Impacts Screening Note). The Danish Nature Agency
(Department for Nature and Woods) highlighted that consideration, both in the
construction phase as well as in the operational phase, should be given to
transboundary effects that can harm or damage breeding or resting places in the
natural habitats for those animal species listed in the Habitat directive, Annex IV
(harbour porpoise and all whales) (see Annex 4.5.2: Transboundary Impacts
Screening Note).

4.8.4

In addition to the above formal consultation, consultation meetings were held with the
German Authorities: Bundesamt für Seeschifffahrt und Hydrographie (BSH) Maritime
and Hydrographic Agency on 18 December 2012 and with the Dutch Authorities:
Rijkswaterstaat North Sea (Dutch Ministry of Infrastructure and Environment) on 13
March 2013 with respect to Project One. An invitation for consultation on Project One
was also sent to the Belgium, Danish and French Planning and Consenting
Authorities, although no response was received. These meetings discussed the
potential for connectivity with SACs in German and Dutch waters and as the German
authorities typically only consider impacts on designated sites from projects within
approximately 100 km of a proposed development, no further sites were identified for
inclusion in the assessment. With respect to Dutch sites, it was highlighted that the
Waddenzee SCI had been overlooked and should be considered for harbour seal
and grey seal. However, as discussed in paragraph 4.5.34, tracking studies have
demonstrated that Project Two is not considered likely to be important for animals
originating from this site and it was therefore not taken forward into the assessment.
This advice was also applied to Project Two and the sites considered within the
regional marine mammal study area for the impact assessment were therefore
Klaverbank SCI, Dutch Dogger Bank pSCI, German Dogger Bank SCI,
Noordzeekustzone SAC and Noordzeekustzone II pSCI. European sites designated
for marine mammals in non-UK waters are listed in the paragraph 4.5.31 et seq. and
are further considered in the HRA Report for Project Two (SMart Wind, 2014).

4.7.186 There is potential for cumulative effects on marine mammals from EMF as a result of
electrical cables associated with all Tier 1 and Tier 2 projects. Effects are, however,
predicted to be highly localised and due to the low magnitude predicted for the Tier 2
assessment and the overall low to medium sensitivity of receptors, the cumulative
effect of EMF from cables within the 50 km buffer of Project Two is of minor adverse
significance, which is not significant in EIA terms.
4.7.187 An assessment of the potential effects for marine mammals, as a qualifying feature of
European sites, and therefore conclusions on the effect on the integrity of European
sites is beyond the scope of this Environmental Statement. A full account of the
screening and information presented to inform the appropriate assessment is
presented within the HRA Report for Project Two (SMart Wind, 2014).
Future monitoring
4.7.188 Monitoring undertaken as part of the construction phase of the development, as
outlined in paragraph 4.6.299, will help to understand any cumulative effects that may
occur. No specific cumulative monitoring is proposed during the construction and
operation and maintenance phases.

4.8

Transboundary Effects

4.8.1

Transboundary effects relate to impacts that may occur from an activity within one
European Economic Area (EEA) state on the environment or interests of another. A
screening of transboundary impacts has been carried out and is presented in Annex
4.5.2: Transboundary Impacts Screening Note. This screening exercise identified that
there was no potential for significant transboundary impacts with regard to marine
mammals from Project Two upon the interests of other EEA States.

4.8.2

Marine mammals range widely over the North Sea from UK coastal waters across to
the coast of Europe and into the western Baltic, Skagerrak and Kattegat Seas (Figure
1.1). Transboundary effects were considered as those that may arise from the
impacts identified for Project Two, and for cumulative impacts during construction and
operation of offshore developments in European and UK waters. The species for
which an effect of moderate adverse significance (and therefore significant in EIA
terms) have been identified were harbour porpoise and minke whale, specifically for
underwater noise from foundation piling and other construction (and
decommissioning) activities (e.g., cable installation), which have the potential to
cause physical injury or disturbance to these species (paragraphs 4.6.84 to 4.6.122
and 4.6.136 to 4.6.155, respectively). The effects of Project Two were also
considered cumulatively with other projects (Table 4.50) over scales applicable to the
impact being assessed (Section4.7).
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4.9

Inter-Related Effects

4.9.1

Inter-relationships are considered to be the impacts and associated effects of
different aspects of the proposal on the same receptor. These are considered to be:




Project lifetime effects: Assessment of the scope for effects that occur
throughout more than one phase of the project, (construction, operation and
maintenance, and decommissioning) to interact to potentially create a more
significant effect on a receptor than if just assessed in isolation in these three
key project stages (e.g., subsea noise effects from piling, operational turbines,
vessels and decommissioning).

The exception to this was the potential impact of piling noise on harbour porpoise and
minke whale during the construction phase of Project Two. This could result in
impacts on both species of medium magnitude and may result in effects of moderate
adverse significance on these species in the short to medium term. Given that the
effects from piling noise are likely to be short to medium term in nature (1.32 years
phased over a five year piling construction programme,), with the potential for
recovery to baseline levels following cessation of piling, the long term effects on
harbour porpoise and minke whale are considered to be not significant.

4.10.4

Cumulative impacts from aggregate extraction activities, other offshore wind farm
developments, commercial fishing, and oil and gas installations have been assessed
using a tiered approach and are predicted to result in effects of minor adverse
significance upon marine mammals for impacts including cumulative increases in
vessel traffic resulting in noise disturbance, cumulative increase in subsea cabling
resulting in EMF and cumulative changes in fish and shellfish communities resulting
in changes in prey availability. For cumulative collision risk arising from vessel
movements at all projects, the impact was assessed as being of moderate adverse
significance in the absence of mitigation, but reduced to minor adverse significance
if mitigation was employed (following published guidelines) at those projects which
represented a medium or high risk to marine mammals. Although Project Two is not
deemed as a medium or high risk project, the Developer commits to following best
practice in line with latest JNCC guidance where possible (JNCC, 2012), the detail of
which will be established through consultation with statutory advisors and any
procedures agreed will be incorporated into the Construction and Monitoring
Programme.

4.10.5

The cumulative impacts of piling noise from Project Two and the construction of other
Tier 1 and Tier 2 offshore wind farms in the North Sea are predicted to have effects of
moderate adverse significance, in the short to medium term, for harbour porpoise
and minke whale. It is predicted that populations of these species will recover to
baseline levels following cessation of piling and therefore there are no significant long
term effects predicted.

4.10.6

Cumulative noise impacts on grey seal and harbour seal are predicted to have minor
or moderate adverse effects in the medium term, where moderate effects would
occur for a worst case scenario that assumes piling activity overlaps across the
majority of Tier 1 and Tier 2 projects and is therefore considered to be unrealistic. In
all cases, recovery of seals is predicted and therefore long term effects are not
significant.

Receptor led effects: Assessment of the scope for all effects to interact, spatially
and temporally, to create inter-related effects on a receptor. As an example, all
effects on a given receptor such as harbour porpoise - noise disturbance,
collision risk, sediment plumes, accidental pollution and changes to prey
resources may interact to produce a different, or greater effect on this receptor
than when the effects are considered in isolation. Receptor-led effects might be
short term, temporary or transient effects, or incorporate longer term effects.

4.9.2

A description of the likely inter-related effects arising from Project Two on marine
mammals is provided in Chapter 12: Inter-Related Effects (Offshore).

4.10

Conclusion

4.10.1

Site-specific and historical data have shown that Subzone 2 and the Hornsea Zone
are important areas for a number of marine mammal species that occur regularly
throughout the southern North Sea. Key species that have been identified as VERs
within the Project Two marine mammal study area include harbour porpoise, whitebeaked dolphin, minke whale, grey seal and harbour seal.

4.10.2

4.10.3

The impacts of activities during the construction and operation and maintenance
phases of Project Two, both alone and cumulatively with other plans and projects,
were assessed with respect to these key marine mammal species and marine
mammal SACs within the study area. The impact assessment has adopted a
precautionary approach throughout in order to help to address any uncertainties. The
effects are summarised in Table 4.60 below. Assuming successful implementation of
the proposed mitigation measures, the majority of impacts from Project Two alone
were assessed as being of minor adverse significance or less.
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Table 4.60

Summary of potential environmental effects.

Potential impact

Mitigation measures
adopted as part of the
project

Specie
s

Direct/
indirect

Short
term/
long
term

Continuous
/
intermittent

Sensitivity
of receptor

Magnit
ude of
impact

Significance
(including
designed in
measures)

Additional mitigation
measures and
residual significance
of effect

Moderate
Adverse for
short to
medium term
effects
(significant)

Mitigation methods
(such as a piling plan)
will be considered in an
effort to reduce the
significance of the
potential effect. Any
mitigation measures will
be discussed and
agreed with the
statutory advisors prior
to construction of
Project Two and
implemented as part of
the CoCP.

Notes

Construction phase

Harbour
porpoise

Underwater noise
from foundation
piling and other
construction
activities (e.g.,
drilling of piles) has
the potential to
cause physical
injury or disturbance
to marine mammals.

A 30 minute modelled softstart will be used for all piling
activities. Piling will
commence at a maximum of
20% hammer energy with a
reduced strike rate. Hammer
energy will ramp up with a
maximum increase up to full
hammer energy. The strike
rate will increase from every
six seconds to every four
seconds over the soft-start.
The maximum working
distance between the two
installation vessels will be 20
km.
A MMMP will be implemented
during construction.

Medium

Whitebeaked
dolphin

Low

Direct

Short to
Medium
term

Medium

Low

Minor
Adverse
(not
significant)

Intermittent

Minke
whale

Low to
Medium

Grey
seal

Low

Harbour
seal

Low
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Medium

Moderate
adverse for
short to
medium term
effects
(significant)

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not

Mitigation methods
(such as a piling plan)
will be considered in an
effort to reduce the
significance of the
potential effect. Any
mitigation measures will
be discussed and
agreed with the
statutory advisors prior
to construction of
Project Two and
implemented as part of
the CoCP.

For those
effects
identified as
‘moderate’,
recovery to
baseline
levels is
anticipated
in the long
term, and
no
significant
long term
effects are
predicted.

Potential impact

Mitigation measures
adopted as part of the
project

Specie
s

Direct/
indirect

Short
term/
long
term

Continuous
/
intermittent

Sensitivity
of receptor

Magnit
ude of
impact

Significance
(including
designed in
measures)
significant)

Harbour
porpoise
Underwater noise
from foundation
piling and other
construction
activities (e.g.,
drilling of piles) for
the offshore HVAC
reactive
compensation
substation may
cause physical
injury or disturbance
to marine mammals.

A 30 minute modelled softstart will be used for all piling
activities. Piling will
commence at a maximum of
20% hammer energy with a
reduced strike rate. Hammer
energy will ramp up with a
maximum increase up to full
hammer energy. The strike
rate will increase from every
six seconds to every four
seconds over the soft-start.
A MMMP will be implemented
during construction.

Low Medium

Whitebeaked
dolphin

Minke
whale

Low

Direct

Short to
Medium
term

Intermittent

Grey
seal

Low

Harbour
seal
Increased vessel
traffic during
construction may
result in an increase
in noise disturbance
to marine mammals.

Increased vessel
traffic during
construction may
result in an
increased collision
risk.

All
Species

Codes of conduct for vessel
operators.
The Developer will follow best
practice in accordance with
latest guidance (JNCC, 2012)
the detail of which will be
established through
consultation with statutory
advisors. Any procedures
agreed will be incorporated
into the Construction and

All
Species

LowMedium

Low

Direct

Direct

Medium
term

Medium
term

Intermittent

Intermittent
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Low

Low to
Medium

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not
significant)

Additional mitigation
measures and
residual significance
of effect

Notes

Potential impact

Mitigation measures
adopted as part of the
project

Short
term/
long
term

Specie
s

Direct/
indirect

All
Species

Direct

Short
term

All
Species

Direct /
Indirect

Long
term

Continuous
/
intermittent

Sensitivity
of receptor

Magnit
ude of
impact

Significance
(including
designed in
measures)

Intermittent

Low

Negligibl
e

Negligible
(not
significant)

Low

Negligibl
e

Negligible
(not
significant)

Medium

Low

Minor
Adverse
(not
significant)

Low

Negligibl
e

Negligible
(not
significant)

Low

Minor
Adverse
(not
significant)

Low

Minor
Adverse
(not
significant)

Monitoring Plan.
Increased
suspended
sediments may
impair the foraging
ability of marine
mammals.
Accidental pollution
events during the
construction phase
resulting in potential
effects on marine
mammal receptors.

Implementation of a CoCP
during the construction phase.

Changes in the fish
and shellfish
community resulting
from construction
impacts may lead to
a loss in prey
resources for marine
mammals.

All
Species

Indirect

Medium
term

Direct

Long
term

Direct

Long
term

Intermittent

Intermittent

Operation and maintenance phase
The operating noise
of turbines may
result in potential
effects on marine
mammals.

All
Species

Increased vessel
traffic may result in
an increased noise
disturbance to
marine mammals.

All
Species

Increased vessel
traffic may result in
an increased
collision risk to
marine mammals.

Codes of conduct for vessel
operators.
The Developer will follow best
practice in accordance with
latest guidance (JNCC, 2012)
the detail of which will be
established through
consultation with statutory
advisors. Any procedures

All
Species

Direct

Long
term

Continuous

Intermittent

Intermittent
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Low

Low to
Medium

Additional mitigation
measures and
residual significance
of effect

Notes

Potential impact

Mitigation measures
adopted as part of the
project

Specie
s

Direct/
indirect

Short
term/
long
term

Continuous
/
intermittent

Sensitivity
of receptor

Magnit
ude of
impact

Significance
(including
designed in
measures)

Low

Negligibl
e

Negligible
(not
significant)

Low to
Medium

Negligibl
e to Low

Minor
Adverse
(not
significant)

Negligible
(not
significant)

Negligible
(not
significant)

agreed will be incorporated
into the Construction and
Monitoring Plan.
Increased
suspended
sediment during
cable maintenance
may impair the
foraging ability of
marine mammals.

All
Species

Electromagnetic
fields (EMF) emitted
by inter-array and
export cables may
affect marine
mammal behaviour.

Inter-array cables will be
buried to a minimum of 1 m.
Inter-array and platform interconnector cables will be
buried to a maximum of 3 m.
Export cables will be buried to
a maximum of 5 m although
this is only expected to be
required in a limited number
of places; burial depth below
stable seabed of 3 m, subject
to a cable burial assessment,
is anticipated for the majority
of the export cable route.
Where it is not possible to
ensure that cables will remain
buried, cable protection will
be installed.

All
Species

Accidental pollution
events during the
operation and
maintenance phase
resulting in potential
effects on marine
mammal receptors.

A PEMMP will be
implemented for the operation
and maintenance phase.

Changes in the fish
and shellfish
community resulting
from operational
impacts may lead to
a loss in prey
resources for marine
mammals.

Indirect

Short
term

Intermittent

Direct

Long
term

All
Species

Direct

Short
term

Intermittent

Low

Negligibl
e

All
Species

Indirect

Long
term

Continuous

Low

Low

Continuous
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Additional mitigation
measures and
residual significance
of effect

Notes

Mitigation measures
adopted as part of the
project

Potential impact

Specie
s

Direct/
indirect

Short
term/
long
term

Continuous
/
intermittent

Magnit
ude of
impact

Significance
(including
designed in
measures)

Low

Minor
Adverse
(not
significant)

Low

Low

Minor
Adverse
(not
significant)

Low

Negligibl
e

Negligible
(not
significant)

Low

Negligibl
e

Negligible
(not
significant)

Low

Minor
Adverse
(not
significant)

Sensitivity
of receptor

Decommissioning phase
Underwater noise
from turbine and
cable removal and
associated vessels
may cause
disturbance to
marine mammals.
Increased vessel
traffic may result in
an increased noise
disturbance to
marine mammals or
increased collision
risk.

All
Species

Codes of conduct for vessel
operators.
A Decommissioning Plan will
be implemented during
decommissioning in line with
latest JNCC guidance (JNCC,
2012).

All
Species

Direct

Short
term

Direct

Short
term

Increased
suspended
sediments may
impair the foraging
ability of marine
mammals.

All
Species

Direct

Short
term

Accidental pollution
events during the
decommissioning
phase resulting in
potential effects on
marine mammals.

All
Species

Direct /
Indirect

Long
term

Changes in the fish
and shellfish
community resulting
from
decommissioning
impacts may lead to
a loss in prey
resources for marine
mammals.

All
Species

Indirect

Medium
term

Intermittent

Intermittent

Intermittent

Intermittent

Intermittent
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Low

Medium

Additional mitigation
measures and
residual significance
of effect

Notes
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