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Glossary
Term

Term
Definition

Acoustic Ground
Discrimination
System (AGDS)

Also known as backscatter data, AGDS is used primarily to determine
possible seabed textures. May be used in conjunction with groundtruthing and sidescan sonar data.

Attitude and motion

Orientation of the vessel relative to its direction of travel – how the
vessel moves in relation to its longitudinal, horizontal and vertical
axes.

Definition

Nearshore zone

The zone extending seaward from the low water line well beyond the
breaker zone; it defines the area influenced by the nearshore
currents.

Numerical modelling

The analysis of marine and coastal processes utilising mathematical
computer models.

Offshore zone

The zone beyond the nearshore zone where wave induced sediment
motion effectively ceases and where the influence of the seabed on
wave action has become small in comparison with the effects of wind.
Analysis of particle size, distribution and composition of sediment
samples which are usually obtained as part of a geotechnical
investigation.

Bathymetric
Corrections

Corrections applied to bathymetry data to account for tidal differences.

Bedform

A mobile, often sandy, feature on the seabed (e.g., sandwave).

Particle size
analysis

Bedload

Sediment on the seabed that is partially mobilised by waves or
currents.

Pathways

Net transport of sediment (either as bedload or in suspension) inferred
by analysis of bedform asymmetry or suspended sediment load.

Breaker zone

The zone within which waves approaching the coastline commence
breaking.

Recession

The landwards retreat of a shoreline attributed to erosion.

Erosion

Removal of a substrate (e.g., rock) by natural agents, such as water,
currents or waves.

Refraction

Bending of waves, often due to changes in water depth or coastal
orientation (e.g., around a headland).

Eustatic

Sea level changes on a global scale.

Geomorphology

The study of physical features of the surface of the earth in relation to
their geological structures.

Regional
Environmental
Characterisation
(REC)

A detailed study into the physical, environmental and archaeological
conditions across a wide study area.

Geotechnical
investigations

The recovery of geotechnical samples from an area of study, including
but not limited to vibrocores, boreholes and grab samples.

Relict

A feature which, although is present on the sea bed, is no longer
active or mobile and therefore not indicative of present conditions.

Grab sample

A soil sample from the seabed taken to inform seabed
characterisations regarding grain size and sometimes mineralogy,
using a sampling device (e.g., Hamon grab).

Return Period

The average period of time expected to elapse between occurrences
of events at a certain site.

Salinity

The saltiness of water, a measure of dissolved solids in seawater;
often expressed as parts per thousand (PPT).

Sandwave

A large submarine bedform (e.g., a dune).

Hydrodynamic
forcing

The force imposed on a feature by waves, tides and/or currents.

Hydrodynamic
regime

Waves, tides and currents in an area of study.

Sediment regime

The movement of sediment within a system.

Hydrodynamics

The study of the mechanical properties of fluids.

Sediment transport

The movement of sedimentary particles as a result of water motion.

Hydromorphology

The physical character of landscapes shaped by water flow (e.g.,
rivers).

Sediment transport
pathway

The direction of net sediment transport in an area inferred from an
analysis of bedform asymmetry or suspended sediment load.

Area of the sea which is close to shore, often synonymous with
intertidal.

Shear stress

The force of waves and currents applied tangentially to the seabed.

Littoral

Shoaling

Shoaling refers to surface waves increasing in wave height as they
enter shallower water.

Shoreline
morphology

The physical characteristics of a shoreline.

Sidescan sonar

An acoustic method of seabed survey. Signal returns may indicate the
coarseness of the seabed (e.g., exposed bedrock) or sedimentary
distribution.

Littoral transport

Transport of material along the shoreline, part of or related to
longshore drift.

Mean High Water
(MHW)

The average of all high water heights measured over a period of time.

Megaripple

A dune formed by current action, with a wavelength greater than 1 m.

v

Term

Acronyms

Definition

Acronym

Full term

Significant wave
height

The average wave height (trough to crest) of the one third highest
waves.

ABS

Acoustic Backscatter

Sink

An area of sediment deposition, often associated with reduced wave,
current or gravitational energy – often found in a topographic basin or
at the bottom of a slope.

AWAC

Acoustic Wave and Current

BGS

British Geological Survey

The origins of sedimentary material in a system, often associated with
high energy such as river mouths or coasts.

BODC

British Oceanographic Data Centre

Cefas

Centre for Environment, Fisheries and Aquaculture Science

Strata (singular:
stratum)

Layers of sedimentary rock within or comprising a geological unit
(e.g., a layer of flint). May also be referred to as a bed.

CD

Chart Datum

Defra

Department for Environment, Food and Rural Affairs

Sub-bottom profiling

An acoustic method of surveying geology below the seabed. Used to
identify buried objects such as pipes, wrecks and cables, the
presence of gas and the thickness of geological units.

EIA

Environmental Impact Assessment

GBF

Gravity base foundation

Source

Suspended
sediments/solids

Particulates in suspension in the water column, often comprising fine
material such as clays and silts.

GES

Good Environmental Status

Hs

Significant Wave Height

Swath bathymetry

A wide beam of acoustic signal directed at the seabed, the returns of
which are used to inform water depths across the survey area.

HVAC

High Voltage Alternating Current

Tidal regime

The pattern and cycles of rising and falling tides and the currents
associated with them.

HVDC

High Voltage Direct Current

HW

High Water

Tide

The response of the ocean to the gravitational pull of the moon, sun
and other planets in the solar system.

JNCC

Joint Nature Conservation Committee

Topographical
features

A three-dimensional elevation or depression on a surface (e.g., a
seamount).

JSF

EdgeTech native file format

KP

Kilometre Points

Turbidity

Suspended sediment causing discolouration of a fluid.

LW

Low Water

Wake

Turbulence created in the lee of an object or feature as a fluid current
passes over it (e.g., a tidal current passing a wreck on the seabed).

LAT

Lowest Astronomical Tide

Ma

Millions of years

Water quality

Physical, chemical and biological characteristics of water.

MHWN

Mean High Water Neap

Wave regime

The patterns and cycles of wave approach and heights (crest-trough)
in any given timescale (e.g., 1 year, 50 years, 200 years).

MHWS

Mean High Water Spring

MLWN

Mean Low Water Neap

MLWS

Mean Low Water Spring

MMO

Marine Management Organisation

ms

Millisecond

MSFD

Marine Strategy Framework Directive

MSL

Mean Sea Level

NM

Nautical Mile

NPS

National Policy Statement

NPS EN-1

Overarching National Policy Statement for Energy

vi

Acronym

Full term

NPS EN-3

National Policy Statement for Renewable Energy Infrastructure

OBS

Optical Backscatter

OD

Ordnance Datum

PINS

The Planning Inspectorate

POL

Proudman Oceanographic Laboratory

PEIR

Preliminary Environmental Information Report

REC

Regional Environmental Characterisation

ROV

Remotely Operated Vehicle

SAC

Special Area of Conservation

SPM

Suspended Particulate Matter

SSC

Suspended Sediment Concentration

UKCP09

UK Climate Projections 2009

UKHO

UK Hydrographic Office

UKMO

United Kingdom Meteorological Office

XTF

eXtended Triton Format
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Purpose of this Chapter

MARINE PROCESSES
1.1.8

This Environmental Statement chapter will:

1.1

Introduction



Present the existing environmental baseline established from desk studies,
dedicated offshore surveys and consultation;

1.1.1

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
processes.



Present the potential environmental effects on marine processes 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.

1.1.2

1.1.3

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 similar 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 1.4
for further details).
The term ‘marine processes’ in this context is a collective term for marine and seabed
physical processes, geology and geomorphology, hydrodynamics, seabed sediments,
bathymetry, tides and waves.

1.1.4

Supporting technical annexes to this chapter have been prepared and are referenced
throughout the chapter as appropriate. These annexes provide further technical detail
on a number of topics covered by this Environmental Statement chapter, including
model set up, calibration and validation and model runs.

1.1.5

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

1.1.6

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.

1.1.7

It is intended that the Environmental Statement will provide statutory and nonstatutory 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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1.2

Study Area

1.2.1

The marine processes study area for Project Two is defined as:


Subzone 2 (see Figure 1.1);



The cable route corridor;



The proposed landfall at Horseshoe Point; and



The seabed and coastal areas surrounding these areas that may be influenced
by changes to marine processes due to Project Two.

Figure 1.1

Project Two development and marine processes study area.
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1.3

Planning Policy Context

1.3.1

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).

1.3.2

Table 1.1

Specifically the guidance provided within NPS EN-3 was considered. Paragraph
2.6.189 identifies that:

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

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

How considered within the Project Two
assessment

The Applicant should consult the Environment
Agency, Marine Management Organisation
(MMO) and Centre for Environment, Fisheries
and Aquaculture Science (Cefas) on methods
for assessment of impacts on physical
processes (paragraph 2.6.191 and 2.6.192 of
NPS EN-3).

Consultation on approach to assessment
for marine processes has been carried out
with the Environment Agency, MMO and
Cefas.
Details of the approach to consultation are
provided in Section 1.4.

i)

Waves and tides - the presence of the Wind Turbine Generators can cause
indirect impacts on flood defences, marine ecology and biodiversity, marine
archaeology and potentially, coastal recreation activities;

The assessment should consider all stages of
development, (i.e., the entire lifespan of the
project) (paragraph 2.6.190 of NPS EN-3).

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

ii)

Scour effect - the presence of Wind Turbine Generators and other infrastructure
can result in a change in the water movements within the immediate vicinity of
the infrastructure, resulting in scour around the structures. This can indirectly
affect navigation channels for marine vessels and marine archaeology;

Geotechnical investigations should form part of
the assessment as this will enable the design
of appropriate construction techniques to
minimise any adverse effects (paragraph
2.6.193 of NPS EN-3).

Geotechnical data has informed the
assessment and project design of Project
Two. Details are provided in Table 1.7.

iii)

Sediment transport - the resultant movement of sediments, such as sand across
the seabed or in the water column, can indirectly affect navigation channels for
marine vessels; and

The assessment should include predictions of
the physical effect from the construction and
operation of the required infrastructure and
include effects such as scouring (paragraph
2.6.194 of NPS EN-3).

Construction and operational impacts
(including scour effects) have been
assessed.

iv)

Suspended sediments - the release of sediment during construction and
decommissioning can cause indirect impacts on marine ecology and
biodiversity.

1.3.3

The NPS EN-3 (paragraphs 2.6.190 to 2.6.194) includes guidance on what matters
are to be included in an applicant’s assessment, these being summarised in Table
1.1.

1.3.4

The planning process for Nationally Significant Infrastructure Projects (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 2.6.75 to
2.6.77); these are summarised in Table 1.2.

1.3.5

Matters of relevance to the assessment of marine processes contained within NPS
EN-1 are listed in Table 1.3.

1.3.6

Guidance provided within the Marine Strategy Framework Directive (MSFD), adopted
in July 2008, has also been considered in the Project Two assessment for marine
processes. The relevance of the MSFD to Project Two is described in full in Volume
1, Chapter 2: Policy and Legislative Context.
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Table 1.2

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

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

How and where considered within the
Project Two assessment

The direct effects on the physical environment
can have indirect effects on a number of other
receptors. Where indirect effects are predicted,
the Secretary of State should refer to relevant
sections of this NPS and EN-1 (paragraph
2.6.195 of NPS EN-3).

The predicted physical effects have been
considered in relation to indirect impacts on
other receptors, (e.g., Chapter 2: Benthic
Subtidal and Intertidal Ecology and
Chapter 3: Fish and Shellfish Ecology), for
Project Two.

The methods of construction, including use of
materials should be such as to reasonably
minimise the potential for impact on the
physical environment (paragraph 2.6.196 of
NPS EN-3).

The proposed Project Two design and
installation methods seek to minimise
significant adverse effects on the physical
environment. Where necessary, the
assessment has set out mitigation to avoid
or reduce significant effects.

Mitigation measures which the Secretary of
State should expect the applicants to have
considered include the burying of cables to a
necessary depth and using scour protection
techniques around offshore structures to
prevent scour effects around them. Applicants
should consult the statutory consultees on
appropriate mitigation (paragraph 2.6.197 of
NPS EN-3).

The built-in mitigation measures relating to
cable burial and scour are set out in
Volume 1, Chapter 3: Project Description.

Table 1.3

Summary of NPS EN-1 policy relevant to marine processes and
consideration in the Project Two assessment.

Summary of NPS EN-1 policy relevant to the
assessment of marine processes

How and where considered within
the Project Two assessment

The ES should include an assessment of the
effects on the coast. In particular, applicants
should assess:
- The impact of the proposed project on coastal
processes and geomorphology, including by
taking account of potential impacts from climate
change. If the development will have an impact
on coastal processes the applicant must
demonstrate how the impacts will be managed
to minimise adverse impacts on other parts of
the coast;
- The implications of the proposed project on
strategies for managing the coast as set out in
Impacts and effects on marine
Shoreline Management Plans (SMPs) (which
processes anticipated to result from
provide a large-scale assessment of the
Project Two are identified in Section 1.6.
physical risks associated with coastal processes
and present a long term policy framework to
reduce these risks to people and the developed,
historic and natural environment in a
sustainable manner), any relevant Marine
Plans, River Basin Management Plans and
capital programmes for maintaining flood and
coastal defences; and
- The vulnerability of the proposed development
to coastal change, taking account of climate
change, during the project’s operational life and
any decommissioning period.
(paragraph 5.5.7 of NPS EN-1).
The Secretary of State should not normally
consent new development in areas of dynamic
shorelines where the proposal could inhibit
sediment flow or have an adverse impact on
coastal processes at other locations. Impacts on
coastal processes must be managed to minimise
adverse impacts on other parts of the coast.
Where such proposals are brought forward
consent should only be granted where the
Secretary of State is satisfied that the benefits
(including need) of the development outweigh the
adverse impacts (paragraph 5.5.11 of NPS EN-1).

1-4

Impacts and effects on marine
processes anticipated to result from
Project Two are identified in Section 1.6.

1.3.7

1.3.8

The overarching goal of the Directive 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 processes assessment for Project Two are listed in
Table 1.4, including a brief description of how and where these have been addressed
in the assessment.
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 (Table 1.6).

Table 1.4

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

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

How considered within the Project Two
assessment

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.

Predicted changes to the seabed are
considered throughout this chapter. The
effects on marine ecosystems are
considered in other relevant chapters (for
example, Chapter 2: Benthic Intertidal and
Subtidal Ecology; Chapter 3: Fish and
Shellfish Ecology; Chapter 4: Marine
Mammals).

Descriptor 7: Permanent alteration of
hydrographical conditions does not adversely
affect marine ecosystems.

Predicted changes to hydrographic
conditions are considered throughout this
chapter. The effects on marine ecosystems
are considered in other relevant chapters (for
example, Chapter 2: Benthic Intertidal and
Subtidal Ecology; Chapter 3: Fish and
Shellfish Ecology; Chapter 4: Marine
Mammals).

1.4

Consultation

1.4.1

The Project Two development is similar, both in terms of its nature and location, to
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 1.5 below. All of these
matters have been taken forward in the EIA for Project Two and a response in terms
of Project Two is also provided in Table 1.5. Further details on the statutory and nonstatutory consultation undertaken for Project Two are set out in the Consultation
Report.
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1.4.2

A summary of the consultation that has taken place during the preparation of this
assessment for Project Two is set out in Table 1.6 below.

1.4.3

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

1.4.4

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.

1.4.5

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

1.4.6

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
chapter are set out in Table 1.6 below. Further information can be found in the
Consultation Report.

Table 1.5

Summary of relevant matters raised during Project One for marine processes.
Consultee

Issues raised on Project One which are applicable to Project Two

How/where addressed within Project Two

JNCC/Natural England

Potential impacts of cable installation and potential for scour protection and
rock armouring to interrupt sediment transport (bedload) along the cable
route corridor.

Plume dispersion modelling has been carried out to assess the
effects of cable installation, as presented in paragraph 1.6.130
onwards.
Effects of scour protection on sediment transport are considered in
paragraph 1.6.246 onwards.

JNCC/Natural England/Marine Management
Organisation

Potential for Project One and Project Two in combination to affect wave
height at the coastline, and for associated effects on the sediment transport
regime to impact on the coast.

Cumulative effects of Project One and Project Two are considered
in Section 1.7.

JNCC/Natural England/Marine Management
Organisation

Changes to waves associated with Project One may impact on offshore
sandbanks.

Effects are considered in paragraph 1.6.226 onwards.

IPC

Potential to suspend and transport potentially contaminating materials.

Plume dispersion modelling has been carried out to assess effects
of cable installation and turbine foundation installation, as presented
in paragraphs 1.6.130 onwards and 1.6.14 onwards, respectively.
Contaminated sediments are assessed in Chapter 2 Benthic
Subtidal and Intertidal Ecology.

JNCC/Natural England

Potential impacts on the hydrodynamic regime resulting from the
installation of turbines.

An assessment of hydrodynamics has been carried out to consider
effects on the flow regime, as presented in paragraph 1.6.189
onwards.

PINS

Cumulative impacts associated with dredging activities in proximity to the
proposed development.

Cumulative impacts of Project Two and aggregate dredging sites
are considered in Section 1.7.

JNCC/Natural England

Details should be provided in relation to: the requirements for excavation of
gravity base foundations; the disposal of excavated materials; the material
used for infilling; and the potential effects of this in relation to associated
increases in suspended sediment concentrations, scour and scour
protection requirements.

Details of the installation of gravity base foundations are provided in
Volume 1, Chapter 3: Project Description.
The effects of GBF installation on suspended sediment
concentrations are described in paragraph 1.6.49 onwards.
Scour effects are considered in paragraph 1.6.236 onwards.

JNCC/Natural England

Noted that whilst gravity base foundations are considered the worst case
for suspended sediment due to the degree of bed preparation, drilling for
monopiles or steel jackets will generate material from greater depth which
may have different sediment quality and should be considered.

The effects of gravity base foundations and monopiles on
suspended sediment concentrations have been assessed, as
presented in paragraph 1.6.14 onwards. Effects from the installation
of jackets are considered to fall within the envelope of effects
assessed for monopiles, as described in Table 1.16.

Marine Management Organisation/Cefas

Requested the provision of validation assessments for model performance
of the flow model (TELEMAC-2D), together with any similar assessments
carried out for the SWAN modelling.

This information is contained within Annex 5.1.1: Tidal Calibration
and Validation and Annex 5.1.2: Wave Modelling.

Marine Management Organisation/Cefas/
Environment Agency

Potential changes (immediate or long-term, direct or indirect) on the
intertidal area resulting from the cable landfall.

Effects of the cable installation at the landfall are presented in
paragraph 1.6.155 onwards.
Effects of the operational presence of the cable (and cable
protection measures) at the landfall are presented in paragraph
1.6.259 onwards.

Marine Management Organisation/JNCC/
Natural England

The clearance of sandwaves associated with cable burial activities may
affect the wave regime with associated impacts at the coast.

Effects of sandwave clearance on the wave regime are presented in
paragraph 1.6.109 onwards.
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Table 1.6

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

Consultee

Form of
response

Stage of
Response

Date issue
raised

Issues raised

How/where addressed

Environment Agency

Scoping Opinion

Scoping

5 November 2012

Landfall impacts on tidal defences.

Effects on the landfall (seaward of the tidal defences) during
the installation of the export cable are considered in
paragraphs 1.6.155 to 1.6.180.

Environment Agency

Scoping Opinion

Scoping

5 November 2012

Effects of scour protection along the cable
route corridor on sediment transport.

Effects of scour protection on sediment transport are
considered in paragraphs 1.6.251 to 1.6.258.

JNCC/Natural England

Scoping Opinion

Scoping

6 November 2012

Impacts from cable installation.

Effects resulting from sediment disturbance during cable
installation are considered in paragraphs 1.6.130 to 1.6.180.

JNCC/Natural England

Scoping Opinion

Scoping

6 November 2012

Effects of scour protection along the cable
route corridor on sediment transport.

Effects of scour protection on sediment transport are
considered in paragraphs 1.6.251 to 1.6.258.

Marine Management
Organisation/ Cefas

Scoping Opinion

Scoping

6 November 2012

Cumulative impacts of Project One and
Project Two.

Cumulative effects of Project One and Project Two are
considered in Section 1.7.

Marine Management
Organisation/ Cefas

Scoping Opinion

Scoping

6 November 2012

Suspension of seabed sediments during
construction or cable-laying activities.

Effects resulting from sediment disturbance during cable
installation are considered in paragraphs 1.6.130 to 1.6.154.

Letter

Phase 2
Consultation
(Section 42
Response)

30 July 2014

Further details are required of the extent
and design of scour protection along the
cable route.

Further information is provided in paragraphs 1.6.252 and
1.6.255.

Further information is required of cable
burial depths along the cable route and
the likelihood of cables becoming
exposed.

It is not possible to quantify the likelihood of the cable(s)
becoming exposed. It is anticipated that the cable will be
buried to a sufficient depth that it will not become exposed,
as explained in paragraph 1.6.251 onwards (subtidal cable
burial) and paragraph 1.6.271 onwards (intertidal cable
burial).

Cable burial depth in the intertidal area
should be future proofed in terms of
climate change.

Paragraph 1.6.273 states that it is recommended that the
export cables are buried a minimum of 2 m below minimum
recorded beach/bed levels to allow for seasonal variations
in levels, migration of the drainage channels and beach
draw down during storms. This is a conservative approach
that will account for any changes to the intertidal area due
to climate change/sea level rise.

Justification is sought as to why any cable
protection will be left in-situ following decommissioning.

The proposal to leave cable protection in situ is based upon
current industry knowledge and experience where it is
evident that removing scour protection is difficult, costly,
and can be damaging to the marine habitat.
No part of the authorised development seaward of MHWS is
to commence until a written decommissioning programme
has been produced. No decommissioning activities shall
commence until plans for the carrying out of such activities
have been approved.

Natural England

Natural England

Natural England

Natural England

Letter

Letter

Letter

Phase 2
Consultation
(Section 42
Response)

Phase 2
Consultation
(Section 42
Response)

Phase 2
Consultation
(Section 42
Response)

30 July 2014

30 July 2014

30 July 2014
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Consultee

Natural England

1.5

Form of
response

Meeting

Stage of
Response
Phase 2
consultation
(Section 42
Response)

Date issue
raised

Issues raised

10 October 2014

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

Methodology to Inform Baseline
Data sources
The available project specific data used in the study are listed in Table 1.7.

1.5.2

In addition, the study has reviewed an extensive archive of past projects and publicly
available information.

1.5.3

1.5.4

1.5.7

Further details of the metocean monitoring operation are provided in the relevant
subsections below, in EMU (2011b) and in Annex 5.1.3: Metocean Data Review.
Bathymetric and geological site investigation

Publicly available information sources that have been used include: Environment
Agency beach profiling data, UK Hydrographic Office (UKHO), British Geological
Survey (BGS), British Oceanographic Data Centre (BODC), guidance documents and
publications from the Department for Environment, Food and Rural Affairs (Defra)
and JNCC publications, journal and conference papers, and previous HR Wallingford
commercial reports. These are referenced within this Environmental Statement
chapter where appropriate.

1.5.8

As the Project Two development is very closely related, both in terms of its nature
and location, to Project One, much of the baseline data collated for Project One is
also relevant to Project Two.
Data sources methodology

A detailed geophysical survey of Subzone 2 was carried out to determine accurate
water depths and full seabed coverage across the offshore site (GEMS, 2012). The
objectives of the geophysical survey were to:


Measure seabed topography and morphology and identify the nature of the
seabed sediments - in particular the height, length and slopes of sandwaves
(bathymetry and Side-Scan Sonar (SSS));



Interpretation of the gathered bathymetry data to determine seabed habitat
types and locate biogenic features, by means of an Acoustic Ground
Discriminating System (AGDS);



Undertake shallow geophysical surveys (using hull mounted pinger and surface
towed sparker) to identify sub-bottom geology to a minimum depth of 70 m
below seabed; and



Identify the location, extent and nature of any impediments to the installation of
wind farm turbines, such as wrecks, seafloor debris, rock outcrop, other cables,
pipelines and other seabed features, utilising SSS, bathymetry and
magnetometry.

Metocean data
1.5.5

1.5.6

As detailed above.

characterise the meteorological conditions across the zone. SSC were derived from
OBS data using the EMU in-house Methods for the Determination of Suspended
Sediment (EMU MET/17): 1.2 µm Glass Fibre Paper Filtration Method (105°C) based
on the Index of Methods for the Examination of Water and Associated Materials 1976
- 2011 (Environment Agency, 2010).

Baseline Environment

1.5.1

How/where addressed

Between June 2010 and March 2012, monitoring was carried out across the Hornsea
Zone of tidal heights, currents, waves, suspended sediment concentrations (SSC)
and meteorological parameters at six locations (L1 to L6) in addition to telemetered
wave data at one location north of the development zone (L7, later moving to L7a). A
summary of the equipment is provided in Table 1.8, and the locations are shown on
Figure 1.2.

1.5.9

At Well Bank Flat (L1) to Ravenspurn Field (L6) seabed mounted acoustic wave and
current (AWAC) profilers were deployed with an associated Optical Backscatter
(OBS) and temperature sensor. The AWAC profiler recorded current profiles, tidal
heights, directional wave data and acoustic backscatter (ABS) profiles. In addition, a
meteorological data buoy was deployed at each of the locations in order to
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For the cable route corridor survey (Fugro, 2011a), a Klein 3,000 dual frequency
sidescan sonar towfish and transceiver was used. Both high (445 kHz) and low
(130 kHz) frequencies were recorded digitally in XTF and JSF formats. Accurate
positioning was also obtained by using a USBL positioning system calibrated prior to
the start of the survey. SSS data were post-processed using Coda GeoSurvey
software to produce a mosaic.

Table 1.7

Project specific data and reports that have been used.
Item

Source

Reference

Survey Information

Metocean survey data

EMU (2011b)

Metocean Survey Report

The following datasets are available from the metocean campaign:
- Tidal heights (6 locations);
- Currents (6 locations);
- Waves (8 locations); and
- SSC (6 locations).
The deployment dates are given in Table 1.8.

Marine Geophysical Survey

GEMS (2012)

Geophysical Results
Report

The geophysical survey included identification of bathymetry and seabed features (using side scan
sonar), shallow geophysical surveys (using hull mounted pinger and surface towed sparker) and
geohazards (using side scan sonar and magnetometry).

Gardline (2011)

Geotechnical Report Final
Rev 1

The following investigations were completed:
- 27 Seabed CPTs;
- 2 Boreholes; and
- 4 Vibrocores.

Fugro

Heron Wind Final Factual
Report
Hornsea and Njord Wind
Factual Report

The following investigations were completed:
- 124 locations investigated including:
- 71 boreholes; and
- 104 seabed CPTs.

Fugro (2011a)

Hornsea Nearshore Cable
Route Survey Geotechnical
Investigation

The following investigations were completed:
- 18 seabed CPT locations; and
- 18 vibrocore locations.

Geotechnical data (Collected 2010)

Geotechnical Data
(Collected 2011)

Geotechnical Data – Cable Route
(Collected 2011)

Topographic and Magnetic survey
(Collected 2012)

ESG Pelorus
Surveys (2012)

HOW01 and NOW01 –
INTERTIDAL
GEOPHYSICAL SURVEY

Report No: L2230-12

Survey area: approximately 1 km wide extending 2 km from the Mean High Water Spring (MHWS) mark
down to the Mean Low Water Spring (MLWS) mark in a northeast southwest orientation comprising
dunes, salt marsh and intertidal sand flats.
The following investigations were completed in the survey area:
- Total magnetic field data collected along lines spaced 1 m apart within the extents of the survey area
boundary; and
- Topographic data collected simultaneously with the magnetic field data with a line spacing of 3 and 4 m
in the intertidal zone and 1 and 3 m spacing in the dunes and farmland.
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Figure 1.2

Metocean data measurement locations.
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Table 1.8

Summary of metocean equipment and deployment locations.

Location Name

Phase

Location ID

Well Bank Flat

1

L1

Inner Well Bank Rough

1

Chiswick Field

Instrument

Latitude

Longitude

Deployment Date

Recovery date

Meteorological data buoy, AWAC profiler and OBS
sensor

53° 58' 12.000"N

01° 23' 34.800"E

29/06/2010

04/07/2011

L2

Meteorological data buoy, AWAC profiler and OBS
sensor

53° 52' 57.000"N

01° 59' 11.400"E

29/06/2010

04/09/2011

1

L3

Meteorological data buoy, AWAC profiler and OBS
sensor

53° 54' 15.000"N

02° 25' 54.000"E

29/06/2010

04/09/2011

Windermere Field

2

L4

Meteorological data buoy, AWAC profiler and OBS
sensor

53° 54' 16.620"N

02° 39' 59.580"E

24/09/2010

03/09/2011

Off Ground

2

L5

Meteorological data buoy, AWAC profiler and OBS
sensor

53° 52' 32.340"N

00° 47' 40.980"E

23/09/2010

28/07/2011

Ravenspurn Field

2

L6

Meteorological data buoy, AWAC profiler and OBS
sensor

54° 09' 35.040"N

00° 49' 20.700"E

23/09/2010

28/07/2011

Outer Well Bank

2

L7

DWR buoy

54° 10' 42.600"N

01° 55' 14.940"E

20/11/2010

28/07/2011

Schooner Field

2

L7a

DWR buoy

53° 53' 22.200"N

01° 59' 06.000"E

03/09/2011

26/03/2012

Approach to modelling
1.5.10

Extensive assessment of the impacts and associated effects on marine processes
was carried out for Project One, assisted by the use of a combination of appropriate
numerical modelling tools capable of characterising the relevant processes at each
scale. As shown on Figure 1.3, Project Two is very closely related to Project One,
both spatially and in project scope, so some of the modelling carried out for
Project One can be used to inform the assessment of impacts of Project Two,
supported by site specific data for Project Two. The assessment of effects on tidal
flows draws on hydrodynamic modelling undertaken for Project One, as described
below. The assessment of the impacts of export and inter-array cable installation
draws on plume dispersion modelling carried out for Project One.

1.5.11

Additional modelling to support the assessment of effects of Project Two has been
undertaken where it was not appropriate to rely on Project One modelling studies.
This includes modelling the effects of Project Two on the wave regime and the effects
of sediment dispersion during turbine installation for Project Two.

1.5.12

Further details of the modelling approaches (as summarised in Table 1.9) are
provided in the remainder of this section.

Table 1.9

Modelling tools used for the assessment.

Process

Regional scale (far-field)

Local scale (near-field)

Tidal Flows

TELEMAC-2D

TELEMAC-2D

Waves

SWAN

ARTEMIS

Sediments

SED-PLUME
SANDFLOW
Empirical methods

Empirical scour methods

Tidal flow model
1.5.13
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A tidal flow model (TELEMAC-2D) was set up to cover much of the North Sea and
English Channel, as shown on Figure 1.4. This large domain enabled selection of
reliable boundary conditions. The model used a triangular mesh and included over
760,000 triangular elements. The mesh resolution ranged from approximately 5 km
near the open boundaries to 100 m in the area of interest. Between the Hornsea
Zone and the north Norfolk and Lincolnshire coasts, and around the Humber Estuary,
mesh resolution was 250 m. Tidal elevations were extracted from the
TOPEX/POSEIDON global tidal model (TPXO) and imposed at the model open
boundaries.

1.5.14

The bathymetry data used to set up the flow model comprised project specific
multibeam surveys and data from C-Map and Proudman Oceanographic Laboratory
(POL). The model vertical datum was Mean Sea Level (MSL).

1.5.15

The tidal flow model was developed for Project One and validated for Project Two.

1.5.16

The flow model was calibrated against a range of data sources including project
specific data collected within the Hornsea Zone and the mean spring tide current
speeds and tidal ranges published in MAFF (1981). Annex 5.1.1: Tidal Calibration
and Validation Report presents the calibration and validation process for the tidal flow
model.
Wave model

1.5.17

A regional wave model of the present day coast from Holderness to North Norfolk
was set up using the wave transformation model 'SWAN'.

1.5.18

SWAN was used to model the transformation of waves from offshore of the east
coast from Flamborough Head to Lowestoft and the generation of waves by local
wind conditions considering the present day baseline scenario. Two grids were set up
to cover the area from the coast out to deep water. The detailed grid covers a smaller
area with finer resolution (200 m x 200 m) to ensure wave transformation due to the
foundation structures in Project Two were correctly represented (see Annex 5.1.2:
Wave Modelling).

1.5.19

The bathymetry data used to set up the wave model was the same as for the tidal
flow model.

1.5.20

Wave and water level data collected as part of the metocean survey programme for
the Hornsea Zone (see Annex 5.1.3: Metocean Data Review) were used to calibrate
and validate the wave transformation model.
Plume dispersion model

1.5.21

The plume dispersion model used to simulate the dispersion of fine sediment during
turbine and cable installation was the SEDPLUME-RW model developed by HR
Wallingford. Further details of the model are provided in Annex 5.1.4: Plume
Dispersion Modelling. The model was run using the hydrodynamic output from the
TELEMAC-2D model as described above.

1.5.22

The SEDPLUME-RW model tracks three-dimensional movement of sediment
particles. Dispersal in the direction of flow in the model is provided by the shear
action of differential speeds through the water column while turbulent dispersion is
modelled using a random walk technique. The deposition and re-suspension of
particles are modelled by establishing critical shear stresses for erosion and
deposition. Erosion of deposited material occurs when the bed shear stress exceeds
the critical shear stress for erosion while deposition of suspended material occurs
when the bed shear stress falls below the critical shear stress for deposition.
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Figure 1.3

Location of Subzone 1 (Project One) and Subzone 2 (Project Two).
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Figure 1.4

Bathymetry and tidal hydrodynamic model extents.
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Table 1.11

Characterisation of the Baseline Environment
1.5.23

1.5.24

The area considered within this assessment includes the Holderness, Lincolnshire
and North Norfolk coastlines as well as the area offshore of the Humber Estuary and
The Wash including a large portion of the southern North Sea. Coastal and seabed
areas beyond these limits are considered to be outside the range of measurable
change to waves, currents or sediment transport resulting from Project Two.

Astronomical
Statistics

Summary of water level metocean data collected across the Hornsea Zone.
Measurement locations are shown on Figure 1.2.
Location
L1

L2

L3

L4

L5

L6

HAT (m)

4.47

3.70

3.18

3.00

5.55

4.90

MHWS (m)

3.96

3.28

2.69

2.50

5.00

4.41

Tidal elevations

MHWN (m)

3.12

2.60

2.13

1.99

3.93

3.48

Tidal elevations at Metocean measurement position L2 are given in Table 1.10 as the
most appropriate to Subzone 2. The nearest Standard Port is at Spurn Head and tidal
elevations for this location are also provided in Table 1.10 (UKHO, 2010). Elevations
are given in m relative to Chart Datum (CD), with the conversion to Ordnance Datum
(OD) at Spurn Head assumed to be +3.90 m.

MSL (m)

2.32

1.94

1.58

1.48

2.90

2.57

MLWN (m)

1.51

1.28

1.03

0.97

1.87

1.65

MLWS (m)

0.68

0.61

0.47

0.46

0.81

0.72

LAT (m)

0.00

0.00

0.00

0.00

0.00

0.00

MSR (m)

3.28

2.67

2.22

2.04

4.19

3.69

MR (m)

2.45

1.99

1.66

1.53

3.13

2.76

MNR (m)

1.61

1.31

1.10

1.02

2.06

1.83

MHWI (hours)

5.23

5.42

5.47

5.49

4.92

4.66

MLWI (hours)

11.41

11.75

11.85

11.93

11.22

10.79

1.5.25

The area is affected by tidal surges, with the 50 year return period surge level given
as 1.8 to 2.0 m (Flather, 1987).

1.5.26

Table 1.11 summarises the metocean data on water levels collected across the
Hornsea Zone. Further details of the metocean data is presented in Annex 5.1.3:
Metocean Data Review.

Table 1.10

Tidal elevations (source: UKHO, 2010 and HR Wallingford, 2011).
Tidal currents
Level

Spurn Head (m CD)

Subzone 2 (m CD)

Highest Astronomical Tide

+7.7

+3.7

MHWS Tides

+6.9

+3.3

MHWN Tides

+5.5

+2.6

MSL

+4.1

+1.9

OD

+3.9

-

Mean Low Water Neap Tides

+2.7

+1.3

Mean Low Water Spring Tides

+0.7

+0.6

Lowest Astronomical Tide

0.0

0.0

1.5.27

The fully calibrated tidal flow model has been used to define the existing regime.
Current speeds and water levels vary across the southern North Sea. Across the
Hornsea Zone, modelled current speeds vary from approximately 0.6 ms-1 (at High
Water (HW)) to 1 ms-1 (at Low Water (LW)) for peak mean spring tides, as illustrated
on Figure 1.5. While the principal tidal streams run parallel to the shore and current
velocities are linear, a more complex pattern of tidal flow exists in the nearshore
zone. For example, at the mouth of the Humber Estuary there is a series of
interlinked sandbanks and channels, and both ebb and flood tide dominant sediment
transport pathways are observed at the estuary mouth.

1.5.28

Water flows across Subzone 2 and the cable route corridor vary temporally (as a
function of the tide and tidal range) and spatially. In addition, non-tidal effects may
alter tidal currents, for example wind or lateral density currents.
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Figure 1.5

Tidal flow model outputs of existing peak currents at low water (LW) and high water (HW) for Subzone 1 and Subzone 2.
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1.5.29

A review of the metocean data collected for the Hornsea Zone in relation to tidal
currents is presented in Annex 5.1.3: Metocean Data Review. To summarise, the
total current speed was seen to reduce from the west to the east of the Hornsea
Zone, with tidally dominated currents at Off Ground (L5) being approximately 30%
faster than those at Windermere Field (L4). The currents are tidally dominated with
most of the energy apportioned to the semi-diurnal harmonics. However, high
residual currents (often in excess of the tidal component) were experienced during
storm events, indicating the considerable influence of meteorological forcing on
current speed.
Wave climate

1.5.30

On the east coast, as in many other parts of the UK, westerly and southwesterly
winds are the most frequent. However, during the winter and spring, winds from the
northeast and east sectors are common. Winds from the quadrant north around to
east only occur for approximately 20% of the time and it is from this direction that
Project Two can potentially influence the nearshore wind-wave climate. Referring to
Figure 1.6, it can be seen that the dominant wind regime interacts with Project Two,
from directions that can affect the inshore wave climate, relatively infrequently.
Approximately 80% of the time, the winds are directed away from, or parallel to, the
coastline.

1.5.31

Data from the UK Met Office (UKMO) European Wave Model were obtained from a
point likely to be representative of the winds and waves in the approaches to Project
Two. The UKMO point closest to the Hornsea Zone, as shown on Figure 1.2, was
analysed. Wave and wind roses for this location are shown in Figure 1.6, with a
sector resolution of 22.5º. From these roses it can be seen that the dominant winds
blow from sector 202.5 ºN to 270 ºN (south-southwest through to west), whereas the
dominant wave sector is from 315ºN to 0ºN (northeast to north). Waves associated
with this latter sector represent long period swell waves.

1.5.32

Since wind-waves originate from meteorological forcing, the wave regime is highly
episodic and exhibits strong seasonal variation. In deep water, waves will move
across the sea surface without major modification, but as they move into shallower
water, refraction, shoaling (wave steepening) and eventually wave breaking will
occur. Across the many shallow banks of the southern North Sea, maximum wave
heights are also likely to become ‘depth limited’ with shoaling and wave breaking
occurring, especially around low tide.

1.5.33

Figure 1.7 shows the extent of the wave model developed for Project Two. Further
information on the wave modelling is provided in Annex 5.1.2: Wave Modelling.

1.5.34

Wave model outputs that represent examples of baseline wave conditions for
important wind conditions (north and north northeast) are shown in Figure 1.8 and
Figure 1.9.

Figure 1.6
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Wind speed (a.) and significant wave height, Hs (b.) roses (source: UKMO
European Wave Model).

Figure 1.7

Regional wave model grid illustrating location of Project Two and the Hornsea Zone.
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Figure 1.8

Wave model output showing contours of significant wave height (Hs) across Subzone 2, for winds blowing from north.
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Figure 1.9

Wave model output showing contours of significant wave height (Hs) across Subzone 2, for winds blowing from north northeast.
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1.5.35

A number of return period scenarios were run to cover both high frequency low
intensity events and low frequency high intensity events.

1.5.36

A review of the metocean data collected within the Hornsea Zone in relation to waves
is presented in Annex 5.1.3: Metocean Data Review. To summarise, wave peak
periods were found to vary between 2 seconds and 20 seconds, indicating that the
waves recorded are both locally generated wind waves and remotely generated swell
waves. The dominant wave direction was found to be northwesterly to northerly.

1.5.37

A particularly notable and energetic storm event was experienced during late July
2011, resulting in significant wave heights (Hs) of 6.7 m, 5.2 m and 4.8 m at Chiswick
Field (L3), Windermere Field (L4) and Outer Well Bank (L7) respectively – with that at
Chiswick Field (L3) being the highest significant wave event observed during the
study. An event of this nature occurring during summer is unexpected, and is likely to
be associated with the high wind speeds measured during June to August 2011.

Subzone 2
1.5.41

Water depths within the Subzone 2 survey area range from approximately 25 m to
76 m below lowest astronomical tide (LAT) (GEMS, 2012). As shown in Figure 1.11,
the maximum depths in Subzone 2 are observed along the northern margin at the
base of a ridge. The shallowest areas in Subzone 2 are observed at the top of
sandwave crests throughout the site, the shallowest being to the southwest of the
subzone.

1.5.42

The majority of the site can be classified as gently sloping, with slopes ranging from
0° to 6°. There are limited areas of very steeply or extremely sloping areas within
Subzone 2 that are related to the large sandwaves in the western section of the
subzone, and to the topographic ridge running east/west through the area

1.5.43

As can be seen in Figure 1.11, large amplitude sandwaves (3 – 4 m in height) are
observed in the south of Subzone 2 with medium amplitude (2 – 3 m) sandwaves
present at the central-eastern and the south-eastern areas. The north-western area
of Subzone 2 is dominated by small amplitude sandwaves (1 – 2 m).

Bathymetry
Regional introduction

Cable route corridor
1.5.38

1.5.39

1.5.40

Water depths within the southern North Sea are mainly shallow (<50 m) and increase
eastward from the coast across a gentle regional gradient. Superimposed upon this
regional gradient is a prominent, localised relief, formed by a number of large-scale
features which include bathymetric deeps and sediment banks (Tappin et al., 2011)
(Figure 1.10).
The most prominent deeps are those of Sand Hole, Silver Pit, Sole Pit, Coal Pit,
Markham’s Hole and Well Hole and its southern extensions. Of these, only
Markham’s Hole lies within the Hornsea Zone, although it is located 30 km to the east
of Subzone 2. The deeps are elongated, linear and curvilinear submarine valleys.
Their bases lie considerably below the depth of the surrounding seabed (e.g., the
base of the Silver Pit is up to 80 m below the surrounding seabed). It is suggested
that because the deeps are scoop (scaphiform) shaped, increasing in depth in both
longitudinal and transverse directions, they are not true channels but are likely to be
tunnel-valleys formed beneath ice sheets (Tappin et al., 2011; Ehlers et al., 1984).

1.5.44

Results from the cable route corridor geophysical surveys are reported relative to the
distance in km from the shore to the offshore termination of the survey (referred to as
Kilometre Points, or KPs) (GEMS, 2012). The cable route corridor will have a
maximum length of 150 km as set out in Volume 1, Chapter 3: Project Description
and illustrated on Figure 1.12.

1.5.45

From the landfall at Horseshoe Point, water depths gradually increase to around
30 m with slight undulations, consistent with the gentle regional gradient and
undulating seabed described by Tappin et al. (2011). Water depths increase to a
maximum of 63 m where the cable route corridor crosses the northern extent of Silver
Pit. Seabed gradients are significantly greater over the flanks of the deep than
elsewhere along the cable route corridor.

1.5.46

Between Silver Pit and Sole Pit, water depths range between 21 and 29 m and as the
route crosses Sole Pit the water depth increases to 51 m (Fugro, 2011a; Metoc,
2010). The seabed shoals gently from Sole Pit towards Subzone 2, with depths
ranging between 25 and 30 m (Metoc, 2010). Maximum localised seabed gradients
associated with mobile bedforms and the flanks of Silver Pit and Sole Pit can reach
up to 10 degrees. Bathymetric variation over the regional deeps is summarised in
Table 1.12.

The sediment banks that lie to the south of the Hornsea Zone are generally
orientated in a northwest to southeast direction. The banks that lie between Silver
and Sole Pits show a dominant northwest to southeast orientation; however, in crosssection, these are mainly symmetrical or asymmetrical to the southwest.
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Figure 1.10

Regional bathymetry and key morphological features relevant to Project Two.
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Figure 1.11

Bathymetry within Subzone 2.
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Figure 1.12

Approximate lengths along the Project Two cable route corridor.
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Table 1.12

Locations and depths of primary bathymetric deeps located along the
cable route corridor (refer to Figure 1.12 for approximate locations;
source: Fugro, 2011a).

KP (Approximate)

Description

1.5.51

A detailed study of the character and differences between nearshore and offshore
sediment types off the Holderness/Lincolnshire coasts was made in the Southern
North Sea Sediment Transport Study (HR Wallingford et al., 2002). This included an
analysis of mineralogical characteristics of both nearshore and offshore sediments,
which was used to determine where the sediments were transported from and which
direction they travelled in. The analysis showed that seaward of the nearshore zone
(within which active sediment transport is concentrated) there is an 'erosion zone'
(with little sediment transport). Within this zone, fine sediments have already been
winnowed out by wave and tidal current action.

1.5.52

The differences in character between the offshore and nearshore sediment deposits,
together with evidence from bedforms (which show north/south sediment transport
being dominant), indicate that there is no significant onshore transport off the mouth
of the Humber Estuary.

1.5.53

The combined effects of waves and currents cause the initiation and transport of
sediment. For example, fine sands are likely to be transported in flows of about
0.4 ms-1 in the absence of waves (HR Wallingford et al., 2002). Transport occurs in
the direction of the sustained flow regime until shear stress levels drop below a
threshold. If present, fine sediments (e.g., silt and mud) would tend to be transported
as a suspended sediment load and would remain in suspension for long periods
throughout the tidal cycle due to the strength of currents and the effect of wave
stirring. Coarser sediments (e.g., sands, gravels and cobbles) would be transported
at times of stronger flow and may move as either bedload or, in the case of sand,
temporarily as suspended load.

1.5.54

The main feature of the sediment concentration distribution picked out by the winter
data is the plume-like feature in the suspended sediment field extending from
northeast Norfolk out in a northeasterly direction across the North Sea towards the
island of Texel in the Netherlands, as shown on Figure 1.14 (HR Wallingford et al.,
2002). The image shows clouds of brown and green sediment within the North Sea.
The sediments are most concentrated in river outlets, most notably the Thames
Estuary and the Mouth of the Humber Estuary. Within the larger body of the North
Sea, the sediment is most likely being pulled up from the seafloor, which lies no more
than 50 m below the surface. Large storms often stir up such sediment, therefore,
such events are relatively common.

Approximate depth
(m)

50.48 - 51.49

Silver Pit

39

51.99 - 53.75

Silver Pit

52

55.42 - 58.10

Silver Pit

62

97.30 - 99.35

Sole Pit

51

102.10 - 102.45

Small elongated depression with moderate
bank gradients (probably Sole Pit)

Not defined

123.33 - 125.05

Local depression with smooth bank
gradients

39

Geology - seabed sediments
1.5.47

The seabed surface sediments have been investigated through geophysical and
bathymetric survey (GEMS, 2012).
Regional introduction

1.5.48

The present distribution of seabed sediments and bedforms in Subzone 2 and the
cable route corridor is a reflection of past and present sediment supply, sedimentary
characteristics, and the contemporary action of waves, tides, wind and storm surges
in the region.

1.5.49

Within much of the southern North Sea, the seabed sediments generally form a thin
veneer over Quaternary or older formations. The exceptions to this are areas of tidal
sandbanks and large sandwaves. Seabed sediment maps produced by the BGS
suggest that the regional seabed sediment ranges between sand and gravel (BGS,
1987; 1990). Generally, gravel-rich sediment is more common towards the coast,
whereas sandy sediments are more prevalent further offshore (Figure 1.13). Most
surficial sediment is predominantly derived from reworking of Quaternary deposits,
with a limited contribution from modern fluvial sources. The main control on the
present distribution of seabed sediments was the sea level rise that took place at the
end of the last glaciation (Tappin et al., 2011).

1.5.50

The western sides of the ‘deeps’ (see paragraph 1.5.39) - Well Hole, for example are covered by a mantle of sandy marine sediments, suggesting a tendency for
sediment to migrate eastwards and offshore (Balson, 1999). However, the floors and
eastern sides of the ‘deeps’ remain generally unfilled, indicating a low rate of
sediment transport.
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Figure 1.13

Regional distribution of seabed sediments across Subzone 2 and the wider Hornsea Zone and southern North Sea (source: BGS and SeaZone Solutions, 2011).
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1.5.55

A Regional Environmental Characterisation (REC) conducted for the Humber region
concludes that the seabed sediment distribution is a result of the thickness of the
Holocene sand layer that overlies a gravelly pavement. This mobile layer is formed by
the winnowing of the till of the Bolders Bank Formation (Tappin et al., 2011).
Therefore, the Holocene sediments that are further offshore are thicker and mask the
underlying coarse-grained material, which is more commonly exposed towards the
coast because of the prevailing hydrodynamic conditions (Tappin et al., 2011).
Subzone 2

Figure 1.14

1.5.56

Geological information has been taken from the BGS ‘Geology of the central North
Sea’ book and charts for Spurn reference 53N 00. Geological profiles and sequences
outlined by the BGS regional studies were used to determine the geological
formations likely to be observed within the Subzone 2 geophysical survey area
(GEMS, 2012). BGS descriptions of these formations were then compared with
observed seismic characteristics in the data set to determine the correct location of
the base of each of the formations.

1.5.57

BGS data indicated that in the Subzone 2 survey region, up to five Quaternary
geological formations may be present:


The Botney Cut Formation, an extensive valley or channel fill up to 200 m deep
comprised mainly of sand;



The Bolders Bank Formation, a formation 1 – 40 m thick, massive diamicton
characterised on seismic profiles by its chaotic structure;



The Egmond Ground Formation, predominantly 15m thick, consisting of gravelly
sands interbedded with silt and clay;



The Swarte Bank Formation consisting of mainly glaciofluvial sands; and



The Yarmouth Roads Formation characterised by a range of sediment types
from marine to supratidal and terrestrial sediments.

1.5.58

BGS data shows that the solid geology of the region is complex. According to
geological charts the site is located on the axis of a syncline with Cretaceous Chalk
lying on Jurassic shale and siltstone, found at depths of 27m to over 300 m below
seabed (GEMS, 2012). Chalk was not found in the boreholes collected within
Subzone 2 (Fugro, 2012; see paragraph 1.5.65) or in any of the site specific surveys
carried out for Project One in the adjacent Subzone 1 (SMart Wind, 2013).

1.5.59

Site-specific side scan sonar data has been analysed to identify the nature of the
surficial seabed sediments (GEMS, 2012). The following seabed sediments were
identified within Subzone 2:

Aqua MODIS image of sediment plumes in the North Sea (source: Jeff
Schmaltz, MODIS Rapid Response Team, NASA/GSFC, acquired on
December 18, 2004).
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Sand;



Slightly Gravelly Sand;

1.5.60



Gravelly Sand;



Sandy Gravel; and



Gravel.

1.5.64

As can be seen in Figure 1.11, both sandwave and megaripples are observed across
Subzone 2 (often with megaripples superimposed upon the sandwaves) and the net
bedload transport direction of these bedforms is also oriented northwest-southeast. A
sandwave crest is often comprised of finer grain size material (in this case sand)
which could be more easily carried by the seabed currents, leaving the coarser grade
sediment (i.e., gravel) behind within the troughs.

1.5.65

Information about the in situ sediment was taken from borehole information provided
by RPS. Boreholes taken within and surrounding Subzone 2 (Fugro, 2012) reveal that
the sediment consists mainly of clay or sand mixtures with some silt and shell (gravel
size). The surface layer seems to be generally made up of coarser material, whilst
with depth into the seabed, there are layers of cohesive (hard) sediment mixed with
sand and silty sand layers with varying degrees of density.

Figure 1.15 shows the adapted GEMS Folk classifications with those identified within
Subzone 2 highlighted in red.

Cable route corridor

Figure 1.15

1.5.66

The surficial sediments along the cable route corridor are generally less than 1 m
thick, and often only tens of cm (Fugro 2011a, Metoc, 2010, and see Figure 1.13).
This veneer of surficial sediments predominantly comprises sand, gravelly sand and
sandy gravel, often with shell fragments present. This suggests that the sediments
contain a higher mud content than further offshore (Fugro, 2011a).

1.5.67

Significant concentrations of boulders are observed on the seafloor where the
Bolders Bank till subcrops or is present at the seabed. Additional boulders are also
likely to be present within the Bolders Bank Formation and should erosion occur
through natural processes, these may become exposed (Metoc, 2010).

1.5.68

Between KP 50.4 to KP 54.2 (see Figure 1.12) the cable route corridor crosses Silver
Pit. Across Silver Pit, the seabed geology varies between outcropping Quaternary
sediments at the base of the deep and medium to coarse sand and gravel on the
flanks (Metoc, 2011). Beneath the veneer of medium to coarse sands lies the glacial
till of the Bolders Bank, overlying the fine to medium grained sand and gravel of the
Egmond Ground Formation, which in turn overlays Mesozoic bedrock (Fugro, 2011a).
The Egmond Ground Formation is observed on sub-bottom profiler data outcropping
along the flanks of Silver Pit and the Mesozoic bedrock subcrops at the base (Metoc,
2010). Outside of Silver Pit the seabed sediments generally revert to fine to coarse
gravelly sand and sandy gravel.

1.5.69

Significant mobile bedforms are locally present within the cable route corridor in the
form of megaripples, ripples and sandwaves, which are constantly changing in
response to natural variability in waves and currents. (Fugro, 2011a). The largest
sandwaves are up to 5 m high with localised gradients of 8 degrees.

1.5.70

From KP 96.0 to KP 100.0 (see Figure 1.12), the cable route corridor crosses Sole
Pit, another morphologically significant depression. While a veneer of modern shelly,
gravelly sand is present at the surface, the clays and sands of the Botney Cut
Formation are present within the base of the deep (Fugro, 2011a).

Adapted Folk Sediment Classifications (reproduced from GEMS, 2012).

1.5.61

The sediment types found within Subzone 2 are in broad agreement with those
previously mapped by the BGS Sea Bed Sediments for Spurn (Sheet 53N 00).

1.5.62

The seabed sediment type varies across Subzone 2 and can be divided into two
distinct areas. Towards the northwest, the seabed sediment type is largely sand. The
most distinctive seabed feature observed here are large areas of sandwaves to the
far west of Subzone 2.

1.5.63

Toward the southeast of Subzone 2 the surficial seabed sediments gradually coarsen
to gravelly sand and gravel. Coarse sediment is observed in ribbons/banded swaths
oriented northwest-southeast. These ribbons have the same orientation as the
dominant flow regimes operating at the seabed in Subzone 2. It is not thought that
gravel is accumulating on the seabed, but rather that coarser material is becoming
exposed beneath the predominant sand and gravelly sand surficial sediment (GEMS,
2012).
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Suspended sediment concentrations (SSC)
1.5.71

1.5.72

1.5.73

1.5.74

1.5.75

Values of suspended sediment in the southern North Sea in the summer are
generally low in offshore areas – typically 0 to 10 mg/l. During the winter, background
levels in the southern North Sea can reach over 30 mg/l (Dolphin et al., 2011).

Table 1.13

Suspended sediment statistics (derived from optical backscatter data)
from each location.
L1

L2

L3

L4

L5

L6

Minimum (mg/l)

0.1

0

0.2

0.07

0.02

0

As part of the southern North Sea sediment transport study (HR Wallingford et al.,
2002) surface water samples were taken at 30 minute intervals for determination of
SSC and salinity in December 2001 within the mouth of the Humber Estuary. The
results indicated that surface SSC were as high as 260 mg/l within the estuary
decreasing to 56 mg/l offshore within the deep water channel and down to 20 mg/l to
the south of the Donna Nook area (in the vicinity of the Project Two landfall). It was
also noted that SSC is depth-dependent: there appears to be an association of higher
SSC with greater depth across the mouth of the Humber along the line from Spurn
Point (110 mg/l), through Bull Sand Fort (51 mg/l), through Haile Channel (175 and
90 mg/l) and down to Haile Sand Fort and Tetley High sands (48 and 29 mg/l).

Mean (mg/l)

17.5

4.9

26.5

66.2

31.8

17.2

Standard Deviation (mg/l)

66.7

10.4

34

55

48

30.8

Closer to the shore within areas like The Wash and the Humber, background SSC
are generally higher, typically 100 – 200 mg/l off the Holderness coastline (Prandle et
al., 2000).

Table 1.14

L1

1.5.76

Due to the nature of the OBS sensor, the maximum values are often unreliable due to
the effect of biofouling and have thus not been included in Table 1.13.

1.5.77

The studies presented above demonstrate the natural variability in SSC values in the
vicinity of the Hornsea Zone.

L2

L3

L4

L5

L6

Minimum (mg/l)

6.5

0

2.5

3.4

1.9

3.6

Mean (mg/l)

14.6

5

10.9

9.9

11.6

11.4

Maximum (mg/l)

40.9

15.8

34

24.2

49.3

28.1

Standard Deviation (mg/l)

3.8

2.4

5.6

3.6

7.7

3.8

During storm conditions, measurements of SSC off the Holderness coastline in water
depths of 10 to 20 m have recorded levels of 800 mg/l and 250 mg/l, in the inshore
(10 m water depth) and offshore (17 m water depth) locations, respectively (Blewett
and Huntley, 1998).
As part of the metocean sampling campaign, acoustic and optical back scatter data
were collected from near-seabed locations within the Hornsea Zone and indicative
SSC were derived from the data (EMU, 2011b). Further details are provided in Annex
5.1.3: Metocean Data Review, and Table 1.13 and Table 1.14 summarise the spatial
SSC data. The water samples collected returned SSC values in the range of 3 mg/l to
30 mg/l. During spring tides and storm conditions, elevations of SSC values of up to
50 mg/l were observed.

Near seabed suspended sediment statistics (derived from acoustic
backscatter data) from each location.

Sediment transport
Regional introduction
1.5.78

In general, sediment movement occurs in two ways: i) suspended sediment (i.e.,
material suspended in the water column) transport of muds and to a lesser extent,
fine sands; and, ii) bedload transport of sand and gravel (i.e., coarser material which
moves along the seabed surface and is not in suspension).

1.5.79

In both cases, tidal currents are the main influence on offshore sediment transport,
rather than the wave climate (Kenyon and Cooper, 2005; Stride et al., 1982). In the
southern North Sea, the present seabed sediment distribution was established once
eustatic (global) sea level stabilised, following the melting of the Devensian ice
sheets (Tappin et al., 2011). The rate of sediment supply in the region is low and the
present bedforms are the result of the active marine processes reworking and
depositing the available sediments.

1-29

1.5.80

Both relict (inactive) and active bedforms are present within the region (i.e., there are
bedforms which are presently mobile due to forcing by tides and currents and there
are other bedforms which are not mobile (e.g., those located in deep water which are
not influenced by tides or waves). Relict features include some of the large
sandbanks that formed during the mid-Holocene post-glacial transgression. Most
active bedforms are those formed of sand, although where currents are strong
particularly in the nearshore, gravel may also be mobilised. The bedforms present
depend upon the current velocity and sediment supply (Stride et al., 1982). Active
bedforms in the region include various scales of dunes (alternatively termed as
sandwaves and megaripples), sand ribbons and sand patches.

1.5.81

An analysis of long-term wave data showed that where water depths are in excess of
30 m, seabed sediments are mobilised and transported by waves less than 1% of the
time (Grochowski and Collins, 1994). During high-energy storm events, sediment
entrainment may occur as a combination of tidal and wave-induced currents (Draper,
1967). However, due to the low frequency of occurrence, these were assessed as
insignificant with regards to the regional net sediment transport (Soulsby, 1997).

1.5.82

Suspended sediment transport is more diffuse and more difficult to ascribe to any
particular transport pathway. For example, generally fine-grained suspended
sediments derived from the erosion of the Holderness cliffs are transported
southwards by the same currents that move sediment as a bedload. Some of the
suspended load accumulates within the Humber Estuary, being transported there on
the flood tide. Much of the sediment load is transported southwards to Donna Nook,
from where it can be further redistributed offshore, or transported along the
Lincolnshire coastline to accumulate within The Wash (HR Wallingford et al., 2002).
Since the finest sediments stay in suspension for a very long time, they may
eventually find their way, by secondary currents, to areas of seabed as distant as the
German Bight (ABP Research and Consultancy Ltd, 1996).

1.5.83

Methods and results of inferred sediment transport within the region and Project Two
also incorporated information from additional data sources, such as the Humber REC
Project (Tappin et al., 2011), the Southern North Sea Sediment Transport Study
(Phase 2) (SNSSTS2) (HR Wallingford et al., 2002), and other relevant scientific
literature.
Subzone 2

1.5.84

In general, sediment transport direction is orientated perpendicular to the crests of
contemporary mobile bedforms with sediment transport occurring in the direction of
the steeper slope. The orientation of sandwaves identified in the bathymetric survey
for Subzone 2 indicates that the dominant sediment transport direction, is southeast
to northwest (GEMS, 2012).

1.5.85

The orientation of the sandwaves within Subzone 2 indicates a predominantly uniform
transport direction across the site with a net transport to the northwest. In some
instance asymmetry of the sandwaves indicates a predominant flow to the northwest
as shown in Figure 1.16.
Cable route corridor

1.5.86

The bedform types identified along the cable route corridor ranged from small scale
sand ribbons and current striations to very large dunes, with heights exceeding 5 m
(Fugro, 2011a). Table 1.15 identifies that the majority of the larger bedform crests
were orientated approximately east-west (E-W), northwest-southeast (NW-SE) or
northeast-southwest (NE-SW), suggesting sediment transport directions are roughly
north-south, with localised variations. These sediment transport directions broadly
agree with the regional sediment transport regime within the Humber region (Kenyon
and Cooper, 2005). Bathymetric examples of current parallel sand ribbons and
current striations and very large dunes are shown in Figure 1.16.

Table 1.15

Location and description of primary bedforms identified along cable route
corridor (refer to Figure 1.12 for approximate locations; source: Fugro,
2011a).

KP
(Approximate)

Description

Height

Crest orientation

Sediment
type

5.0 – 6.0

Sand ribbons

Tens of cm

NNW-SSE

Sand

9.9 – 10.5

Large dunes

Up to 2.0 m

E-W and NW-SE

Sand

41.5 – 42.0

Small dunes
and current
striations

Tens of cm

NE-SW

Sand

46.8 – 47.5

Small dunes
and sand
ribbons

Tens of cm

NNW-SSE

Sand

52.0 – 52.8

Gravel dunes

< 0.5 m

E-W

Sand and
Gravel

55.5 – 62.7

Sand ribbons
and dunes

Tens of cm
up to 2.0 m

NE-SW and ENEWSW

Sand

64.5 – 71.4

Large to very
large dunes

Up to 5.0 m

NE-SW, ESE-WSW
and WNW-ESE

Sand

75.7 - 78.5

Large to very
large dunes

Up to 5.0 m

NE-SW

Sand

81.2 – 83.5

Large to very
large dunes

Up to 5.0 m

E-W and NE-SW

Sand
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Figure 1.16

1.5.89

Masselink and Anthony (2001) analysed the intertidal ridge and runnel system
between Donna Nook and Mablethorpe. Ridge and runnel beaches are often
associated with an excess of sediment (King, 1972). The orientation of the crests of
the ridges suggests a southerly longshore transport from Donna Nook to
Mablethorpe. Delft Hydraulics (1992 - cited in Posford Duvivier, 1998) undertook
numerical model calculations of longshore transport rates at a number of points
between Mablethorpe and Skegness. Their model gave a fairly uniform longshore
transport rate, with a mean of 124,000 m3 per year to the south (and a standard
deviation of 16,000 m³/year). Longshore transport rates were slightly lower in the
northern part of the frontage.

1.5.90

A bathymetric analysis carried out in 2003 (ABPmer, 2003) showed that there was
vertical accretion of between 3 to 6 m in an area northwest of Northcoates Point and
Donna Nook between 1851 and 2000. Montreuil and Bullard (2012), from analysis of
shoreline position data over the last 150 years, provide a figure for shoreline
accretion of 2.7 m per year. The sediment transport pathways shown in Figure 1.18
support the trend for accretion at the landfall area, which is a sink for sandy sediment,
with pathways diverging to the west and south.

1.5.91

As sea levels rise, the mean low water mark is changing, and in conjunction with the
steepening of the foreshore arising from the accretion, the intertidal area can reduce
in size in some areas. The Humber Flood Risk Management Strategy Habitats
Regulations Assessment (Environment Agency, 2009) shows that the intertidal area
of the Outer South (which is located between Grimsby and Saltfleet on the south side
of the Humber Estuary) is reducing by -3.0 ha yr-1 ±1.4 ha yr-1 per annum
(Environment Agency, Pers. Comm. 2013).

Examples of bedform types identified along Project Two cable route
corridor.

Left image: Large to very large (up to 5 m high) dunes, located between KP 82 and 83.
Right image: Small-scale current parallel striations/sand ribbons located between
KP 118.5 and 120.5 (refer to Figure 1.12 for approximate locations; source: Fugro,
2011a).

Landfall
1.5.87

The frontage at the landfall location is accreting and consists of a thick layer of fine
sand backed by saltmarsh and dunes. An extensive description of the historical
development of the northeast Lincolnshire shoreline (mainly Grimsby to Mablethorpe)
is provided by Robinson (1970), which reports that the rise in sea level since Roman
times has been compensated for by deposition. The coastline has grown out and
much of the saltmarsh has been reclaimed between Mablethorpe and Donna Nook.
Robinson concluded that the coast was stable, with sea level rise balanced by
accretion. Owen (1952) has described the long term history of the Lincolnshire coast
south from Mablethorpe to Skegness, which has been eroding for at least 500 years
and consists of narrow relatively steep beaches with a thin covering of sand above a
clay substrate.

1.5.88

Leggett et al. (1998) analysed Environment Agency beach profile data from the
Lincolnshire coast collected during the 1990s and showed that beach volumes
increased by 2% between Grimsby and Mablethorpe between 1991 and 1996. An
analysis of the Environment Agency beach profile data from 1991 to 2000 gave an
average annual increase in beach volume of 290,000 m³ between Grimsby and
Mablethorpe (Environment Agency, 2003). The average annual increase in beach
volume around Donna Nook was calculated to be 356,000 m³, equating to about
20 m³/m/year accretion of the beach at Donna Nook (HR Wallingford et al., 2002).
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Figure 1.17

Large sandwaves in Subzone 2. Reproduced from GEMS (2012).

1-32

Figure 1.18

Schematic sediment transport pathways. (Source: HR Wallingford et al. (2002). (note: Figure taken from Southern North Sea Sediment Transport Study (HR Wallingford et
al., 2002) to illustrate schematic of transport pathways. The details of licenced aggregate dredging areas are subject to change since date of publication.
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Landfall geomorphology
1.5.92

An extensive description of the historical development of the northeast Lincolnshire
shoreline (mainly Grimsby to Mablethorpe) is provided by Robinson (1970). The longterm history of the East Lincolnshire coast south from Mablethorpe to Skegness was
described in Owen (1952); this coast has been eroding for at least 500 years and
consists of narrow, relatively steep beaches with a thin covering of sand above a clay
substrate.

1.5.93

Along the Holderness coast, cliff recession has been taking place over hundreds of
years, and under present conditions this is expected to continue. Over the last 900
years, approximately 1,000 hectares of cliff top land has been lost to the sea (HR
Wallingford, 2003). The annual rate of erosion varies as does the spatial distribution
of erosion.

1.5.94

Located at the southern end of the Holderness coastline is Spurn Head, a narrow
sand and gravel spit feature that extends around 5.5 km into the mouth of the
Humber Estuary. Spurn Point has extended southwest over the past couple of
hundred years (by as much as 7 m per year). Its tip is now at the northern edge of a
deep erosional hole, the palaeo-channel of the Humber Estuary, and it is believed not
to be extending further as it is constrained by the large tidal discharges into and out
of the Humber.

1.5.95

Estimates of the rates of erosion on the Holderness coast have been made in several
studies, and these have been summarised in Balson et al. (1998). One of the most
comprehensive studies of the rate of recession of the Holderness cliffs made using
Ordnance Survey maps was undertaken by Valentin (1954; 1971). Valentin
suggested that the recession rate for the whole of the Holderness coastline averages
about 1.2 m per year, but that the rate increases southwards in response to energy
input from wave action from the north.

1.5.96

During the Southern North Sea Sediment Transport Study, attention was focussed on
the potential link between inshore and offshore sediment transport (HR Wallingford et
al., 2002). The Holderness tills are very similar in a number of respects to the
sediments found in the Humber Estuary; there is no indication of the presence of
sediments on the adjacent coasts that could have arrived from offshore. It was
deduced that as much as 98% of the modern estuary sediments, including those
within the Project Two marine processes study area, are derived from the erosion of
the Holderness coast, not from offshore.

1.5.97

Analysis of Environment Agency beach profile data and site-specific surveys has
been carried out, and is presented in Volume 5, Annex 5.1.7: Landfall Assessment
and summarised in paragraphs 1.6.272 to 1.6.274 in this chapter. At the landfall site,
generally bed level variations of around 0.5 m occur above MSL. Between MSL and
lowest astronomical tide (LAT) variations of up to around 3 m have been observed;
these large variations in elevations can probably be attributed in part to the migration
of the drainage gullies and other features on the foreshore. Below LAT variations of
up to 1 m have been observed.

1.6

Impact Assessment
Key Parameters for Assessment

1.6.1
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The assessment scenarios listed in Table 1.16 have been selected as those having
the potential to result in the greatest effect on marine processes. These scenarios
have been selected from the details provided in the project description (Volume 1,
Chapter 3: Project Description) in order to inform a ‘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) to that assessed here be taken forward in the
final design scheme.

Table 1.16

Design envelope scenario considered within assessment of potential impacts on Marine Processes.
Potential impact

Direct / Indirect

Maximum adverse scenario

Justification

Construction phase
Potential for disposal of drill arisings during
installation of monopile foundations to increase
SSC within the water column.

Direct

-

-

Disposal of drill arisings during installation of
monopile foundations will deposit material on the
seabed.

Direct

-

Layout of largest monopile foundations (120 x 10 m
diameter monopile foundations) plus associated HVAC
collector substations (6) and accommodation platforms
(2) placed up to the edge of the development site;
Minimum foundation spacing of 1,500 m (Layout 2);
Two offshore HVAC reactive compensation substations
located along the cable route corridor (coordinates
provided in Volume 1, Chapter 3: Project Description);
All monopile foundations require drilling to 50 m
penetration depth;
3,848.5 m3 of material released per foundation;
Drilling rate of 3 m per hour; and
Disposal of drill arisings at surface.
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Disposal of maximum volume of drill arisings from the
largest diameter monopile foundations, the greatest
number of accommodation platforms and collector
substations (HVAC transmission), and the greatest number
of HVAC reactive compensation substations.
Although the volume of material to be released per
monopile foundation is less than for GBFs (see below),
drilling of monopiles has also been assessed as it results
in the release of a different sediment type at the sea
surface, with the potential for wider dispersion.
Although the volume of material to be released per
monopile foundation is less than for jacket foundations, the
drilling of a single monopile foundation releases material at
a faster rate and over a shorter period of time than drilling
four jacket foundations per turbine. A sensitivity test was
carried out in the plume dispersion model which confirmed
that the plume generated during the installation of a
monopile foundation was greater than for a jacket
foundation; the results are presented in Annex 5.1.4:
Plume Dispersion Modelling. Monopile foundations are
therefore considered to represent a worst case for
sediment dispersion than jacket foundations.
It is expected that monopiles will be driven into the seabed
using a hydraulic hammer. If piling alone fails to install the
piles to full depth, then a combination of piling and drilling
will be used. The assumption that all monopile foundations
will require full-drill out is therefore unlikely and represents
a conservative worst case scenario.
It is assumed that drill arisings will be disposed at the sea
surface. This constitutes the worst case for sediment
dispersion as the drill arisings will travel the greatest
vertical distance before settling out on the seabed.

Potential impact

Direct / Indirect

Potential for seabed preparation prior to installing
Direct
GBFs to increase SSC within the water column.

Maximum adverse scenario

-

-

-

Seabed preparation prior to installing GBFs will
result in the deposition of material on the
seabed.

Direct

-

Potential for sandwave clearance associated
with the installation of the export cable to
increase SSC within the water column.

Direct

Sandwave clearance associated with the
installation of the export cable will deposit
material on the seabed.

Direct

Potential for sandwave clearance associated
with the installation of the export cable to affect
the wave regime.

Layout of largest GBFs (120 x 58 m diameter GBFs,
98 m including scour protection) plus associated offshore
HVDC converter substations (2), accommodation
platforms (2) placed up to the edge of the development
site;
Minimum foundation spacing of 1,500 m (Layout 2);
Two offshore HVAC reactive compensation substations
located along the cable route corridor (coordinates
provided in Volume 1, Chapter 3: Project Description);
Disposal of material on the seabed approximately 500 m
from the foundation location;
Seabed preparation depth of 5 m over a circular area
with a diameter of 78 m;
23,892 m3 of material excavated per turbine foundation;
104,500 m3 of material excavated per HVDC converter
substation;
19,242 m3 of material excavated per HVAC reactive
compensation substation; and
Dredging carried out using a trailer suction hopper
dredger with a hopper volume of 11,000 m3.

Sandwave clearance at the following locations: 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
1.12, for illustration of KPs); and
- Sandwave clearance using trailer suction hopper
dredging or mass flow excavator.
-

-

Direct

Sandwave clearance at the following locations: 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
1.12 for illustration of KPs).
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Justification
Excavation of maximum volume of material from the
largest diameter GBFs, and the largest substation
structures. Although HVAC transmission requires a greater
number of substations within the subzone, the volume of
material to be excavated per substation is considerably
less (19,242 m3 per substation).
The HVAC reactive compensation substations located
along the cable route corridor have also been assessed.
Although in reality the scenario of installing both the
maximum number of HVDC converter substations (within
the subzone) and the maximum number of HVAC reactive
compensation substations (along the cable route corridor)
would not occur. Depending on the transmission
infrastructure, a combination of the two transmission
options may be required. It is therefore important to
capture the effects of installing the HVAC reactive
compensation substations assuming both monopile
foundations and GBFs, for the reasons described above.
Based on initial site surveys, it is expected that the
average thickness of the dredged layer will be up to
approximately 2 m, depending on GBF design. It is
therefore unlikely that 23,892 m3 of material will be
released per GBF so this assessment represents a
conservative worst case scenario.
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.
Note: Sandwaves are dynamic features and the exact
clearance requirements will not be determined until a
survey of the cable route corridor has been undertaken at
the detailed engineering design stage of the project. The
best available information on sandwave clearance
requirements has been used to inform the assessment.
As above, the best available information on sandwave
clearance requirements has been used to inform the
assessment.

Potential impact
Potential for the combined effects of sandwave
clearance associated with the installation of
cables within Subzone 2, and turbine installation,
to increase SSC within the water column.

Direct / Indirect

Maximum adverse scenario
Seabed preparation for GBF installation

Direct

-

-

The combined effects of sandwave clearance
associated with the installation of cables within
Subzone 2, and turbine installation, will deposit
material on the seabed.

Justification

-

Direct

-

Layout of largest GBFs (120 58 m diameter GBFs, 98 m
including scour protection) plus associated offshore
HVDC converter substations (2), accommodation
platforms (2) placed up to the edge of the development
site;
Minimum foundation spacing of 1,500 m (Layout 2);
Two adjacent seabed preparation operations taking place
concurrently;
Disposal of material on the seabed approximately 500 m
from the foundation location;
Seabed preparation depth of 5 m over a circular area
with a diameter of 78 m;
23,892 m3 of material excavated per turbine foundation;
Dredging carried out using a trailer suction hopper
dredger with a hopper volume of 11,000 m3.

Subzone 2 cable sandwave clearance

Excavation of maximum volume of material from the
largest diameter GBFs, combined with clearance of the
largest sandwave along the inter-array, platform interconnector and inter-accommodation platform cable routes.
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.
Note: Sandwaves are dynamic features and the exact
clearance requirements will not be determined until a
survey of the cable route corridor has been undertaken at
the detailed engineering design stage of the project. The
best available information on sandwave clearance
requirements has been used to inform the assessment.

Clearance of 13,974 m3 through the largest sandwave
along the inter-array, platform inter-connector and interaccommodation platform cable routes;
- Sandwave clearance using trailer suction hopper
dredging or mass flow excavator.
-

Potential for sandwave clearance associated
with the installation of cables within Subzone 2
to affect the wave regime.

-

Direct

Sandwave clearance for inter-array, platform interconnector and inter-accommodation platform cables
across Subzone 2 using a trailer suction hopper dredging
or mass flow excavator.
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The best available information on sandwave clearance
requirements has been used to inform the assessment.

Potential impact

Potential for installation of cables to increase
SSC within the water column and deposit
material on the seabed.

Direct / Indirect

Direct

Maximum adverse scenario

Justification

Export cable
- Eight cable trenches 150 km in length;
- Cables installed successively
- Each cable trench will disturb 10 m width of seabed;
- Installation method: jetting; and
- Target burial depth of 3 m below the stable seabed.
Inter-array cables
- Total combined cable length 675 km;
- Single cable;
- Installation method: jetting;
- Each cable trench will disturb 10 m width of seabed; and
- Target burial depth of 2 m below long term, stable
beach/sea bed levels.
Platform interconnector cables
- 12 cable trenches 300 km in length;
- Each cable trench will disturb 10 m width of seabed;
- Installation method: jetting; and
- Target burial depth of 3 m below the stable seabed.
Accommodation platform cables
- Total combined cable length 10 km;
- Single cable;
- Installation method: jetting;
- Each cable trench will disturb 10 m width of seabed; and
- Target burial depth of 2 m below long term, stable
beach/sea bed levels.

Greatest number and length of cables, and greatest burial
depth.
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.
In areas with large mobile sand waves, a final burial depth
of 5 m may be achieved along up to 20% of the length of
the offshore cable route. The sandwaves will be cleared,
as described above. When the sand waves re-establish
themselves over the top of the cables, the cables could
then be at a depth of around 5 m under the surface of the
seabed sediments. As the cable will not physically be
buried to 5 m, a burial depth of 3 m below the stable
seabed is considered to be the worst case scenario for
sediment dispersion resulting from cable burial activities.

Eight cable trenches;
Minimum burial depth of 2 m below long term, stable
beach/sea bed levels;
Installation method: jetting;
Installation to take approximately two weeks per cable;
At least several weeks' gap between the installation of
each cable; and
Installation will only take place between April and
September.

Greatest number of cables, and greatest burial depth.
The methods that may be used to install cables in the
intertidal area are jetting, trenching by use of a tracked
excavator or similar, and ploughing. Of these techniques,
jetting will disturb the greatest volume of sediment and as
such is considered to be the worst case for sediment
dispersion.

-

Potential for the installation of the export cable at
the landfall to affect beach morphology,
hydrodynamics and sediment transport (littoral
drift).

Direct and
indirect

-
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Potential impact

Direct / Indirect

Maximum adverse scenario

Justification

Jack-up barges used to install jacket foundations for 360
turbines, six offshore High Voltage Alternating Current
(HVAC) collector substations, two offshore HVAC
reactive compensation substations and two
Maximum number of jack-up barges per turbine.
accommodation platforms;
- Six spud cans per barge and three jack up operations per
turbine; and
2
- 420 m total spud can area per jack-up barge.
-

Potential for jack-up barges used for foundation
installation to affect the sediment regime.

Direct

Operation phase
Potential for the presence of turbines and
associated offshore infrastructure to affect the
tidal regime.

Direct
Layout of largest number of GBF foundations (360) with a
minimum spacing of 932 m, 810 m along dense perimeter
(Layout 3), plus associated substations (6) and
accommodation platforms (2) placed up to the edge of
the development site; and
- 45 m diameter conical GBF with scour protection
extending an additional 20 m from the foot of the gravity
base (85 m diameter in total).

The greatest number of turbines with the minimum spacing
between turbines (Layout 3), combined with the largest
proposed foundation option (GBF) for Layout 3, presents
the maximum blockage, and hence greatest influence on
marine processes.

Monopiles: 10 m diameter;
- Conical GBFs: 58 m diameter; and
- Jacket foundations (driven piles): 1.2 m diameter vertical
members above seabed level (smallest); and 2.5 m
diameter vertical members above seabed level (largest).
(Note: Jackets are more complex structures and as such
their assessment has been based on the diameter of
vertical members above sea bed level, as opposed to the
maximum diameter below sea bed which would not be
relevant to the scour assessment).

Each foundation type may produce different scour patterns
therefore all three have been considered to ensure all
possibilities are assessed for scour.
Jacket suction piles were not assessed as they fall within
the envelope of effects of GBFs and jacket structures.

-

Potential for the presence of turbines and
associated offshore infrastructure to affect the
wave regime, with associated potential impacts
along adjacent shorelines.

Direct

Potential for the presence of turbines and
associated offshore infrastructure to affect the
wave regime, with associated potential impacts
on offshore sandbanks.

Direct

-

Potential for the presence of turbine foundations
to result in scour of seabed sediments.

Direct
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Potential impact

Direct / Indirect

Maximum adverse scenario

Justification

Export cable
Rock placement cable protection required for 25% of the
cable route (indicative profile 7 m width and 1 m height);
- If cable protection is required within the Humber Estuary
Special Area of Conservation (SAC), frond mattressing
will be used exclusively.
- No cable protection will be required or used in the
intertidal area at the cable landfall.
-

Potential for the use of cable protection along
the inter-array, platform interconnector,
accommodation platform and export cables in
deep water (>12 m) to affect sediment transport
and sediment transport pathways.

Direct

Inter-array cables
-

Rock placement cable protection utilised for 26% of
cables.

Greatest extent of cable protection represents the
maximum blockage effects, and hence greatest influence
on sediment transport.

Platform interconnector cables
-

Rock placement cable protection utilised for 26% of
cables.

Accommodation platform cables
-

Rock placement cable protection utilised for 26% of
cables.

Potential for the use of cable protection along
the export cable in shallow water (<12 m) to
affect beach morphology, hydrodynamics and
sediment transport (littoral drift).

Direct and
indirect

Eight cable trenches;
- Rock placement cable protection required for 25% of the
cable route;
- If cable protection is required within the Humber Estuary
SAC, frond mattressing will be used exclusively.
- No cable protection will be required or used in the
intertidal area at the cable landfall.

Potential for the export cable at the landfall to
affect beach morphology, hydrodynamics and
sediment transport (littoral drift).

Direct and
indirect

Target burial depth of 2 m below long term, stable
beach/sea bed levels

Minimum cable burial depth (and therefore the greatest risk
of cable exposure due to erosion).

Over the course of the design life of 25 years, five jackup visits will be required at each turbine and platform for
operation and maintenance purposes;
- Six spud cans per jack-up barge; and
2
- 420 m total spud can area per jack-up barge.

Maximum number of jack-up barge visits.

-

Greatest extent of cable protection represents the
maximum blockage effects, and hence greatest influence
on sediment transport.

-

Potential for jack-up barges used during
operation and maintenance activities to affect
the sediment regime.

Direct
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Potential impact

Direct / Indirect

Maximum adverse scenario

Justification

Decommissioning phase
Cutting off jacket foundations below the seabed
surface has the potential to increase SSC within
the water column and deposit material on the
seabed.
Potential for removal of GBFs to increase SSC
within the water column and deposit material on
the seabed.
Removal of export, inter-array, platform
interconnector or accommodation platform
cables has the potential to increase SSC within
the water column and deposit material on the
seabed.
Removal of the export cable at the landfall has
the potential to affect beach morphology,
hydrodynamics and sediment transport (littoral
drift).

Layout of largest number of foundations (360) plus
associated substations (6) and accommodation platforms
(2) placed up to the edge of the development site; and
- Four jacket piles of 1.8 m diameter.

Maximum disturbance of seabed resulting from cutting off
greatest number of jacket foundations.

Layout of largest number (360) of foundations (plus
associated offshore HVDC converter stations (2) and
accommodation platforms (2) placed up to the edge of
the development site.

Maximum disturbance of seabed resulting from removal of
greatest number of GBFs.

-

Direct

-

Direct

Total or partial removal of limited sections of the export,
inter-array cables and offshore platform interconnector
cables; and
Maximum disturbance of seabed resulting from removal of
export or inter-array cables.
- Cables removed using grapples to pull the cables onto a
vessel, or remotely operated vehicles (ROVs) or divers to
cut and retrieve cables.
-

Direct

Partial removal of the cable by pulling the cables back
out of the cable ducts; and
- Ducts will be filled following the removal of the cable.
-

Direct

Maximum disturbance of seabed resulting from partial
removal or cable and filling of ducts.

Export cable
-

Rock placement cable protection required for 25% of the
cable route (indicative profile 7 m width and 1 m height);

Inter-array cables
Physical presence of cable and scour protection
has the potential to affect beach morphology,
hydrodynamics and sediment transport (littoral
drift).

-

Direct

Rock placement cable protection utilised for 26% of
cables.

Platform interconnector cables
-

Rock placement cable protection utilised for 26% of
cables.

Accommodation platform cables
Rock placement cable protection utilised for 26% of cables.
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Greatest extent of cable protection represents the
maximum blockage effects, and hence greatest influence
on sediment transport.

Assessment Criteria and Impact Assessment Methodology
1.6.2

1.6.3

1.6.4

1.6.5

Table 1.17

Sensitivity

The assessment of effects on marine processes can be sub-divided into three
categories, namely impacts on the: (i) hydrodynamic regime; (ii) wave regime; and
(iii) sediment regime. Changes to any of these regimes may be manifest through
changes to the seabed and/or shoreline morphology.
In carrying out an impact assessment, marine processes are not in themselves
receptors in the majority of cases, but changes to these processes may have an
impact on other sensitive receptors (Lambkin et al., 2009). Therefore, the approach
adopted is to describe the potential changes to marine processes due to Project Two,
but not provide an assessment of the significance.
This chapter does not consider the impacts on other receptors that may be affected
by changes to the marine processes, such as benthic ecology and fish and shellfish
ecology. The indirect impacts resulting from potential changes to marine processes
are informed by the outputs of this study and presented in their respective chapters
(for example, Chapter 2: Benthic Intertidal and Subtidal Ecology; Chapter 3: Fish and
Shellfish Ecology; Chapter 4: Marine Mammals; Chapter 6: Commercial Fisheries,
Chapter 9: Marine Archaeology and Ordnance) and Chapter 11: Infrastructure and
Other Users. See Table 1.26 for further details.
The exception to this approach is when considering physical changes to the shoreline
and offshore sandbanks, which are considered to be sensitive receptors. In such
cases, a full impact assessment (i.e., assigning sensitivity, magnitude and
significance) has been carried out. The criteria matrix for determining significance in
such cases is as given in Volume 1, Chapter 5: Assessment Methodology, and as
described below.

1.6.6

Significance is assessed by correlating the magnitude of the impact and the
sensitivity of the receptor.

1.6.7

The sensitivity of the receptor (see Table 1.17) is defined as the:


Vulnerability;



Recoverability, and



Value/importance of that receptor.

Definition of terms relating to the sensitivity of marine processes.

Negligible

Receptor is of negligible value with no contribution to local, regional or
national economy or environment. Receptor is not vulnerable to
impacts that may arise from the project and/or has high recoverability.

Low

Receptor is of low value with little contribution to local, regional or
national economy or environment. Receptor is not generally
vulnerable to impacts that may arise from the project and/or has high
recoverability.

Medium

Receptor is of minor value with small levels of contribution to local,
regional or national economy or environment. Receptor is somewhat
vulnerable to impacts that may arise from the project and has
moderate to high levels of recoverability.

High

Receptor is of moderate value with reasonable contribution to local,
regional or national economy or environment. Receptor is generally
vulnerable to impacts that may arise from the project and / or
recoverability is slow and/or costly.

Very high

Receptor is high value or critical importance to local, regional or
national economy or environment. Receptor is highly vulnerable to
impacts that may arise from the project and recoverability is long term
or not possible.

1.6.8
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Definition

The magnitude of the impact (see Table 1.18) is defined as the:


Spatial extent;



Duration (long-, medium- or short-term);



Frequency, and



Reversibility of the effect.

Table 1.18

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

Assessment of Significance
Designed-in mitigation measures adopted as part of the project

Magnitude

Definition
1.6.11

No change

No change from baseline conditions.

Negligible

Very slight change from baseline condition. Physical extent of impact is
negligible and / or of short-term duration (i.e., less than 2 years).

Low

Minor shift away from baseline, leading to a change in function. Impact
is of limited temporal or physical extent and/or of short-term duration
(i.e., less than 2 years).

Medium

Loss or alteration to significant portions of key components of current
function. Impact is of moderate temporal or physical extent and/or of
medium-term duration (i.e., less than 20 years).

1.6.9

Table 1.19 presents the matrix that is used for the assessment of significance.

Table 1.19

1.6.12

The effects of the construction of Project Two have been assessed on marine
processes in the offshore study area. The environmental impacts arising from the
construction of Project Two are listed in Table 1.16 along with the Design Envelope
parameters against which each construction phase impact has been assessed.

1.6.13

A description of the effects upon marine processes receptors caused by each
identified impact is given below. An assessment of significance is only provided for
physical impacts on the shoreline and offshore sandbanks, for the reasons explained
in paragraphs 1.6.3 to 1.6.5.

Potential for disposal of drill arisings during installation of monopile foundations to
increase SSC within the water column.
Scenario

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

Sensitivity of
receptor

1.6.14

It is expected that monopiles will be driven into the seabed using a hydraulic hammer.
If piling alone fails to install the piles to full depth, then a combination of piling and
drilling will be used. The assumption that all monopile foundations will require full-drill
out is, therefore, very unlikely, and represents a conservative worst case scenario.

1.6.15

In a worst case scenario where all monopiles require drilling, the maximum volume of
sediment that would be released per turbine during drilling operations is 3,927 m3,
based on 10 m diameter monopiles (see Table 1.16). The worst case is represented
through release of drill arisings at the sea surface.

1.6.16

Numerical plume dispersion modelling was carried out to simulate the fate of the
dispersed fine material fractions (silt and clay (< 63 μm in diameter) and fine sand
(63 µm < diameter < 250 µm)) using the SEDPLUME-RW model developed by HR
Wallingford. Full details of the plume dispersion modelling are provided in Annex
5.1.4: Plume Dispersion Modelling.

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

1.6.10

Construction phase

Total loss of function. Impact is of extended temporal or physical extent
and/or of long-term duration (i.e., approximately 50 years duration).

High

There are no mitigation measures adopted as part of the project with respect to
marine processes.

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.

1-43

1.6.17

1.6.18

1.6.19

Although the volume of material to be released per monopile foundation is less than
for jacket foundations, the drilling of a single monopile foundation releases material at
a faster rate and over a shorter period of time than drilling four jacket foundations per
turbine. A sensitivity test was carried out in the plume dispersion model which
confirmed that the plume generated during the installation of a monopile foundation
was greater than for a jacket foundation this was the case; the results are presented
in Annex 5.1.4: Plume Dispersion Modelling. Monopile foundations are therefore
considered [to represent a worse case for sediment dispersion than jacket
foundations], as demonstrated in Annex 5.1.4: Plume Dispersion Modelling.
Information about the in situ sediment within Subzone 2 was taken from borehole
data (Fugro, 2012). From the sediment sample information the sediment consists
mainly of clay or sand mixtures with some silt and shell (gravel size). The top layer
seems to be generally made up of coarser material, whilst with depth into the seabed,
there are layers of cohesive (hard) sediment mixed with sand and silty sand layers
with varying degrees of density.
It was assumed that all the fine material will break down into its constituent particle
size during the drilling process. Precisely how this material will breakdown is not
possible to predict and will depend on the geotechnical properties of the sub-surface
material and the drilling exercise itself (which will influence the breakdown of the
material); however it is highly likely that a proportion of the fine material will remain
consolidated and will fall to the seabed in the vicinity of the pile. The assumption that
all fine material will break down is, therefore, highly conservative and represents the
worst case scenario for sediment dispersion, as individual fine particles would remain
suspended in the water column for a longer period of time than heavier consolidated
material.

1.6.20

The drilling equipment was assumed to travel at around 3 m per hour, to a depth of
50 m. The release of the material was assumed to take place at the sea surface for a
period of approximately 17 hours. The release of material is dependent on the strata
and hence the rate of release of silt and fine sand varied over the 17 hours release
period.

1.6.21

The modelling assessment has considered both successive (one at a time) and two
concurrent drilling operations. It is possible that two monopile foundations will be
installed concurrently, using two separate installation vessels. The worst case for
potential interaction between concurrent sediment plumes is that two adjacent
monopile foundations are drilled concurrently. As the intention is to drive monopiles
into the seabed using a hydraulic hammer, and only to employ drilling where seabed
conditions make driving difficult, in practice it is highly unlikely that two adjacent
monopiles will be drilled concurrently. The results of both the successive and
concurrent drilling operations are, therefore, presented in this section.

Plume dispersion modelling results
Successive drilling of turbine monopiles
1.6.22

Successive monopile drilling has been simulated at four turbine locations to capture
differences in tidal flows (and consequent differences in plume dispersion patterns)
across Subzone 2. The sediment dispersion patterns are similar at all four turbine
locations, although minor variations are observed.

1.6.23

Figure 1.19 shows the predicted maximum increase in depth-averaged SSC for the
four simulated locations of release. The figure does not show the actual plume at any
time but rather the peak values attained at each location over the course of the
simulation. This style of figure is informative for showing the footprint of effect but
tends to over-emphasise the size of the plume at any particular instant.

1.6.24

The plume extents from the four modelled simulations were transposed to all the
outer perimeter turbine locations and a boundary line has been produced to provide
an indicative worst case ‘outer extent’ of increases in SSC above background levels
of 2 to 5 mg/l and 5 to 10 mg/l.

1.6.25

During drilling at Locations 1 and 2, peak increases in the depth-averaged SSC of
more than 2 mg/l above background were predicted up to 12 km northwest and up to
7 km southeast of the drilling location. Predicted peak increases in depth-averaged
concentration of more than 10 mg/l were predicted up to 2.8 km northwest and about
2.5 km southeast of the drilling location. Peak depth-averaged suspended sediment
concentrations very close to the drilling location were predicted to be 110 and 94 mg/l
for releases from Locations 1 and 2, respectively.

1.6.26

During drilling at Locations 3 and 4 peak increases in depth-averaged SSC of more
than 2 mg/l above background were predicted up to 16 km northwest and up to 9 km
southeast of the drilling location. Predicted peak increases in depth-averaged
concentration of more than 10 mg/l were predicted up to 8 km NW and about 2.5 km
southeast of the drilling location. The peak depth-averaged SSC very close to the
drilling location were predicted to be 103 and 161 mg/l for releases from Locations 3
and 4, respectively.

1.6.27

The wider plumes were predominantly composed of fine sediment (silt or clay, <
63 µm in diameter) while the sand (> 63 µm) released from the drilling rapidly settled
to the bed.
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1.6.28

Despite predicted high values of depth-averaged concentration above background in
the close vicinity of the drilling, these high values were localised and short-lived as
illustrated in the time-series graph (Figure 1.20) of predicted concentration increases
at Location 4. The time-series of predicted suspended sediment concentration were
extracted from the six ‘time series location points’ shown in Figure 1.19. The points
were aligned with the largest axis of travel of the plume and a graph was plotted to
give an indication of the predicted duration of SSC increases. It can be seen that the
‘spikes’ of increased SSC at each of the six chosen locations are very short lived,
lasting between 1 and 3 hours. Between approximately 8 hours and 17 hours (end of
drilling) minimal increases in SSC are observed at the six chosen locations. This is
partly because there is a higher percentage of fine silt and sand in the material
closest to the surface (Fugro, 2012) so a greater volume of fine material is released
in the first 8 to 10 hours; and partly because the sediment plume is not passing
directly over these particular six locations during the latter hours of the model
simulation. The time series graph serves to demonstrate that at any chosen location,
the increases in SSC resulting from the drilling activity are predicted to last for only a
few hours (at most) at a time.

1.6.29

Background SSC in the region of Project Two is presented in Section 1.5. Previous
research and metocean data collected for Project Two indicate that SSC levels are
typically between 3 to 30 mg/l, although under storm conditions SSC values can
increase to up to 250 mg/l. Localised increases in SSC of up to 161 mg/l are
considerably higher than background levels but are within the range of natural storm
conditions and occur for a very short period of time (less than two hours).
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Figure 1.19

Model output showing peak predicted depth-averaged increases in SSC above background (mg/l) during drilling for monopile foundations.
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Figure 1.20

1.6.32

Peak increases in depth-averaged concentration of more than 2 mg/l above
background were predicted up to 19 km west northwest and up to 10 km SE of the
drilling location. Predicted increases in depth-averaged SSC of more than 10 mg/l
were predicted to extend up to 11.5 km northwest and about 2.3 km southeast from
the drilling locations.

1.6.33

The time-series of predicted SSC increases were extracted from the six ‘time series
location points’ shown in Figure 1.21. The points were aligned with the largest axis of
travel of the plume and a graph was plotted to give an indication of the predicted
duration of SSC increases. It can be seen that the ‘spikes’ of increased SSC at each
of the six chosen locations are very short lived, lasting between 1 and 3 hours. SSC
levels return to background levels very quickly after drilling activity has ceased
(approximately 17 hours). The time series graph serves to demonstrate that at any
chosen location, the increases in SSC resulting from the drilling activity are predicted
to last for only a few hours (at most) at a time.

Time-series of predicted depth-averaged increases in SSC (mg/l) above
background levels during monopile drilling at Location 4. The positions of
time-series outputs are shown in Figure 1.19.

Concurrent drilling of two adjacent turbine monopiles
1.6.30

There is the potential for concurrent monopile drilling operations to take place at two
turbine locations. The worst case scenario in terms of the potential cumulative
interaction of sediment plumes is for two adjacent monopile foundations to be
installed concurrently, aligned with the dominant tidal flows. Two turbines to the
furthest east of Subzone 2 were selected for assessment on the basis of their
proximity to ecological receptors that are sensitive to increases in SSC (see Chapter
2: Benthic Subtidal and Intertidal Ecology for further details).

1.6.31

The maximum predicted increase in SSC above background levels resulting from
concurrent drilling operations at two adjacent monopile foundations are presented in
Figure 1.22. The figure does not show the actual plume at any time but rather the
peak values attained at each location over the course of the simulation. This style of
figure is informative for showing the footprint of effect but tends to over-emphasise
the size of the plume at any particular instant.

Figure 1.21

1.6.34
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Time-series of predicted depth-averaged increases SSC (mg/l) above
background during two concurrent monopile drilling operations. The
positions of time-series outputs are shown in Figure 1.22.

The sediment regime is not in itself considered a receptor. Therefore, this section has
described the potential changes in SSC, but does not provide a significance level.
Impacts on receptors are described in other relevant chapters, as listed in Table 1.26.

Figure 1.22

Release of fine sediment from drilling concurrently two monopile foundations.
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2010). It is important to note that the substrate type at this location is different to
Subzone 2 (predominantly chalk). The substrate type will influence how the deposited
material may be subsequently eroded, along with a number of other variables. Whilst
the differences in material type must be acknowledged in considering this example, it
is still useful to draw on the available evidence base. In this case, the monitoring
provides an example of drill arisings mound development at an offshore wind farm,
which is more comparable in volume to those that are proposed for Project Two than
equivalent oil and gas industry examples.

Installation of HVAC reactive compensation substations
1.6.35

Up to two offshore HVAC reactive compensation substations will be required for
Project Two. They will be situated along the cable route at the coordinates provided
in the Project Description. The maximum volume of sediment that would be released
per compensation substation during drilling operations is 3,927 m3 (i.e., the same as
for turbine foundations).

1.6.36

The spatial and temporal extents and the concentration of the sediment plume
generated by the drilling of compensation substation monopile foundations is
expected to be directly comparable to that generated by the drilling of a turbine
monopile foundation, as the quantity of material to be released, prevailing tidal
currents and sediment type are similar (described in more detail in paragraphs
1.6.130 onwards and Annex 5.1.4: Plume Dispersion Modelling).

1.6.41

For Project Two, a maximum of 3,848.5 m3 of sediment will be released per drilling
operation for installation of monopile foundations, a proportion of which will be fine
sediment that will disperse (as described below). This relatively limited volume of
material is not anticipated to form a mound of a size that would affect marine
processes, either within the array or outside of it. In the context of the greater
blockage effects that will be caused by the presence of the turbines themselves (as
discussed in paragraphs 1.6.189 to 1.6.198 (in relation to the tidal regime) and
paragraphs 1.6.207 to 1.6.231 (in relation to the wave regime)), there are not
anticipated to be any discernible effects on marine processes resulting from mounds
formed by drill arisings.

1.6.42

It is very difficult to predict how any mounds that form will behave over time as this
will depend on a number of factors, including the exact nature of the material drilled
and the type of drill used (which will dictate how the material breaks down, which in
turn will influence how easily the material may be subsequently eroded). It is likely
that any mounds of granular material will erode over time, reducing the size of the
mounds - but the rate at which this occurs is not possible to predict due to
uncertainties over the material and how it will break down during drilling.

Disposal of drill arisings during installation of monopile foundations will deposit
material on the seabed.
1.6.37

The drilling of monopiles will result in the release of both granular material (sands and
gravels) and fine material (silts and fine sands) at the sea surface, which will deposit
on the seabed. Both types of material have been assessed in this section.
Granular material

1.6.38

1.6.39

1.6.40

A desk based assessment of the deposition of granular material has been carried out.
Limited information exists on the behaviour of mounds formed from drill arisings for
offshore wind farms. To inform the desk assessment, evidence from oil and gas
industry has been examined, although it should be noted that the volume of drill
arisings tends to be substantially greater in this field, and the primary focus is on the
potential for oil release from the mounds rather than their physical attributes.
At the North West Hutton field, drilling activity has resulted in a drill cuttings pile
approximately 30,000 m3 in volume. The field is located in the northern North Sea
130 km northeast of the Shetland Islands. The water is significantly deeper than at
Subzone 2 (144 m) and the seabed surface is made up of sand, silt, and very stiff to
very hard clay (BP, 2005). The Decommissioning Report (BP, 2005) considered a
number of options for the mound on decommissioning of the oil field, including: leave
in-situ to recover naturally; retrieve and re-inject offshore; and retrieve and return to
shore for treatment and disposal. The report considered the environmental, safety
and economic issues associated with each option and concluded that the pile could
be left in situ without causing adverse effects on physical processes and the wider
marine environment.

Fine material (silts and fine sands)
1.6.43

To determine the fate of fine material (<250 µm in diameter) dispersed during the
monopile drilling process, numerical sediment plume dispersion modelling (SEDPLUME) was carried out, as described in the previous impact (potential for disposal
of drill arisings during installation of monopile foundations to increase SSC within the
water column) and in more detail in Annex 5.1.4: Plume Dispersion Modelling.

1.6.44

No appreciable deposition of silt (<63 µm in diameter) was predicted either during
drilling of a single monopile or two concurrent adjacent monopiles.

1.6.45

Figure 1.23 shows the predicted deposition of fine sand resulting from the drilling for
the foundation of two concurrent monopile foundations. It can be seen that in the
immediate vicinity of the monopiles, deposition of fine sand is predicted to be
between 10 and 20 mm. Outside of the immediate vicinity of the monopiles, the level
of deposition is predicted to be negligible (5 mm or less). There is no cumulative
deposition resulting from the concurrent drilling of two monopiles.

Studies carried out during the installation of the Lynn and Inner Dowsing turbine
foundations found that granular material will rapidly fall to the seabed and form a
mound close to the pile. Diver surveys undertaken after four months showed that the
spoil mounds had reduced from a 3 m mound to a maximum height of 1.2 m (Cowrie,
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Figure 1.23

Deposition of fine sand resulting from the drilling for the foundation of two concurrent monopile foundations.
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1.6.46

Deposition on the seabed is not considered a receptor for marine processes.
Therefore, this section has described the potential effects of deposition but does not
provide a significance level. Impacts on receptors are described in other relevant
chapters, as listed in Table 1.26.

1.6.52

Dredging and disposal activities were simulated over eight hopper loads, each with a
three hour cycle time. The total process was assumed to take around 27 hours per
seabed preparation operation.

1.6.53

Numerical plume dispersion modelling was carried out to simulate the fate of the
dispersed fine material fractions (silt and clay (<63μm in diameter) and fine sand
(63 µm < diameter < 250 µm)) released during the dredging and disposal activities,
using the SEDPLUME-RW model developed by HR Wallingford. Coarse material
(sands and gravels) disturbed during the seabed preparation and disposal process
will not be suspended in the water column: they will deposit on the seabed in close
proximity to the point of release. The next impact section (starting at paragraph
1.6.70) considers the effects of deposition of material on the seabed during the
seabed preparation and disposal process.

1.6.54

Information about the in situ sediment within Subzone 2 was taken from borehole
data (Fugro, 2012). Full details are provided in Annex 5.1.4: Plume Dispersion
Modelling.

Concurrent drilling of two adjacent monopiles
1.6.47

Figure 1.23 shows the predicted temporary deposition of sediment during concurrent
monopile drilling operations. Sediment was predicted to be localised to the close
vicinity of the drilling areas (of the order of a few centimetres within 80 m of the
drilling locations). Deposition of fine sediment was predicted to a depth of several
centimetres in the close vicinity of the drilling areas and in the region of 1 mm at a
distance of 650 m from the drilling site.
Installation of HVAC reactive compensation substations

1.6.48

The pattern of deposition generated by the drilling of compensation substation
monopile foundation is expected to be directly comparable to that generated by the
drilling of a turbine monopile foundation, as the quantity of material released,
prevailing tidal currents and sediment type are similar (described in more detail in
paragraphs 1.6.130 onwards and Annex 5.1.4: Plume Dispersion Modelling).

Plume dispersion modelling results
1.6.55

The seabed preparation required prior to installing GBFs will result in some release of
sediments.

The modelling results are shown as plots of predicted maximum increases in depthaveraged SSC above background levels over the duration of the simulation. The
figures do not show the actual plume at any time but rather the peak values attained
at each location over the course of the simulation. This style of figure is informative
for showing the footprint of effect but tends to over-emphasise the size of the plume
at any particular instant. The extent of plume dispersion is plotted for predicted
increases in SSC of 2 mg/l or more above background levels.

1.6.56

As a worst case, in some areas of Subzone 2, a 5 m thick layer of top sediment with
a diameter of 78 m may have to be excavated before installation of GBFs: a total
quantity of 23,892 m3 per GBF. However, based on initial site surveys, it is expected
that the average thickness of the dredged layer will be approximately 2 m, depending
on GBF design. This impact assessment has assumed 23,892 m3 of material to be
released per GBF, which represents a conservative worst case scenario.

During this simulation there were two sources of sediment release: the dredging and
the disposal. The release rate from the dredge was smaller than that from the
disposal site and happened over a longer period of time. The highest concentration
increases were mostly generated by the dispersion from disposal while the plume
resulting from dredging was less significant and more quickly dispersed by tidal
currents.

1.6.57

Figure 1.24 shows the predicted peak increase in depth-averaged concentration for
the four simulated locations of release. Four turbine locations are represented to
capture differences in tidal flows (and consequent differences in plume dispersion
patterns) across Subzone 2. The plume extents from the four modelled simulations
were transposed to all the outer perimeter turbine locations and a boundary line has
been produced to provide an indicative worst case ‘outer extent’ of increases in SSC
above background levels of 2 - 5 mg/l and 5 – 10 mg/l.

Seabed preparation prior to installing GBFs has the potential to increase SSC within the
water column.
Scenario
1.6.49
1.6.50

1.6.51

It is assumed that dredging will be carried out using a trailer suction hopper dredger
with a hopper volume of 11,000 m3, which is a representative size for offshore GBF
construction, for instance as used during the construction of Thornton Bank Offshore
wind farm (Peire et al., 2009). Disposal of dredged material is assumed to take place
approximately 500 m from the seabed preparation site, in an easterly or westerly
direction (to avoid the dominant tidal flows transporting the material back to the
seabed preparation site), remaining within the Subzone 2 boundary.
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1.6.58

During seabed preparation activities at Locations 1 and 2, peak increases in depthaveraged SSC of more than 2 mg/l above background levels were predicted up to
16 km northwest and up to 14 km southeast of the drilling location. Increases in
depth-averaged SSC of more than 10 mg/l were predicted at Locations 1 and 2
extending in length up to 12 km northwest and about 13.5 km southeast from the
turbine. Peak increases in depth-averaged SSC very close to the turbine were
predicted to be 500 and 800 mg/l for releases from Locations 1 and 2, respectively.
These predicted peak values only occurred in the area very close to the point of
release.

1.6.59

During seabed preparation activities at Locations 3 and 4, peak increases in the
depth-averaged SSC of more than 2 mg/l above background levels were predicted up
to 14 km northwest and up to 11 km southeast of the dredging/disposal location.
Predicted increases in depth averaged SSC of more than 10 mg/l were predicted to
extend up to 4 km northwest and about 5.5 km southeast from the dredging and
disposal locations. Peak depth-averaged SSC very close to the turbine were
predicted to be 480 and 450 mg/l for releases from Locations 3 and 4, respectively.
These predicted peak values only occurred in the area very close to the point of
release.

1.6.60

Despite predicted high values of depth-averaged SSC above background levels in
the close vicinity of the turbine, these high values were localised and short-lived as
illustrated in the time-series graph (Figure 1.25) of predicted SSC increases at
Location 4.

1.6.61

Background SSCs in the region of Project Two are presented in Section 1.5. Previous
research and metocean data collected for Project Two indicate that SSC levels are
typically between 3 to 30 mg/l, although under storm conditions SSC values can
increase to up to 250 mg/l. Localised increases in SSC of up to 800 mg/l are
considerably higher than background levels but are very localised and last for a very
short period of time (less than two hours).
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Figure 1.24

Peak predicted depth averaged suspended sediment concentrations above background (mg/l) during seabed preparation for GBFs.
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1.6.64

Figure 1.25

The time-series of predicted SSC increases were extracted from the six ‘time series
location points’ shown in Figure 1.26. The points were aligned with the largest axis of
travel of the plume and a graph was plotted to give an indication of the predicted
duration of SSC increases. It can be seen that the ‘spikes’ of increased SSC at each
of the six chosen locations are very short lived, lasting between 1 and 2 hours. SSC
levels are variable throughout the seabed preparation operation (approximately
27 hours), reflecting the intermittent nature of the dredging and disposal activities.
The time series graph serves to demonstrate that at any chosen location, the
increases in SSC resulting from the drilling activity are predicted to last for only a few
hours (at most) at a time.

Time-series
of predicted depth-averaged suspended sediment
concentration (mg/l) above background during gravity base foundation
preparation at Location 1. Positions of time-series output shown in Figure
1.24.

Concurrent seabed preparation for two adjacent GBFs
1.6.62

1.6.63

There is the potential for concurrent seabed preparation operations to take place at
two turbine locations. The worst case scenario in terms of the potential cumulative
interaction of sediment plumes is for two adjacent seabed preparation operations to
take place, aligned with the dominant tidal flows. Two turbines to the furthest east of
Subzone 2 were selected for assessment on the basis of their proximity to ecological
receptors that are sensitive to increases in SSC (see Chapter 2: Benthic Subtidal and
Intertidal Ecology for further details).

Figure 1.26

The predicted peak increase in depth-averaged SSC above background levels arising
from two neighbouring and concurrent GBF seabed preparations is shown in Figure
1.27. Increases were predicted to be about 300 mg/l in the vicinity of the two different
dredging/disposal locations. Peak increases of more than 2 mg/l above background
were predicted up to 15.5 km northwest and up to 11.5 km southeast of the turbine.
Increases in depth-averaged concentration of more than 10 mg/l were predicted to
extend up to 5.7 km northwest and 5.5 km southeast from the dredging/disposal
locations.
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Time-series of predicted depth-averaged increases SSC (mg/l) above
background during two seabed preparation operations. The positions of
time-series outputs are shown in Figure 1.27.

Seabed preparation for converter substations
1.6.65

Under HVDC transmission, up to two offshore converter substations may be required.
It is anticipated that these will be located within the Subzone 2 turbine arrays. The
substations will be supported by either jackets or GBFs. GBFs are considered to be
the worst case for sediment dispersion as seabed preparation for GBFs generates
the largest volume of material (maximum of 104,500 m3 per substation, which
assumes a 5 m layer of seabed removed in prepared area).

1.6.66

It is assumed that seabed preparation will be carried out by trailer suction hopper
dredger using the same methodology as for the GBF seabed preparation for the
turbine foundations, as described in paragraphs 1.6.51 and 1.6.52. As with the
turbine GBF seabed preparation, after each loading period the dredged material will
be placed a distance about 500 m away from the substation, in separate piles of a
similar quantity (approximately) to those created for turbines.

1.6.67

As the dredging and deposition methodology is the same as for seabed preparation
for the turbines, and the material will be placed in individual piles of a similar size to
those created by seabed preparations for turbine GBFs, the effects on the sediment
regime are expected to be equivalent to four successive seabed preparations for
turbine GBFs, the effects of which are described above. It is, therefore, concluded
that the effects of seabed preparation to install two converter substations within the
array will be no worse than the effects predicted for the conservative assessment of
seabed preparation for turbine GBF installation.

Granular material
1.6.71

Coarse material (sands and gravels) disturbed during the dredging process will
deposit on the seabed in close proximity to the point of release. Coarse material
deposited on the seabed during the disposal process will form mounds within
Subzone 2.

1.6.72

As described in paragraphs 1.6.50 to 1.6.52, efficient dredging using a trailer suction
hopper dredge (TSHD) disposing locally would require the trailer to dredge 8 partial
loads of 3,000 m3 for a single seabed preparation operation. The total area of seabed
affected from one single placement, calculated using a 3D dynamic plume model,
was found to be approximately 120 m in diameter and up to 1.5 m in height for each
seabed preparation site. Several placements will be undertaken and it is unlikely that
each placement will be made at exactly the same location. Although it is assumed in
this study that each placement will be made (whilst stationary) at broadly the same
location, it is reasonable to allow a (spatial) tolerance of 50 m for placement. On this
basis then it is reasonable to assume the total area affected by placement, for each
seabed preparation site, would be up to 250 m in diameter.

1.6.73

This process is not anticipated to form a mound of a size that would affect marine
processes, either within the array or outside of it. It is anticipated that the material will
be gradually re-worked by the prevailing tidal currents, reducing in size over time.

1.6.74

In the context of the greater blockage effects that will be caused by the presence of
the turbines themselves (as discussed in paragraphs 1.6.189 to 1.6.198 (in relation to
the tidal regime) and paragraphs 1.6.207 to 1.6.231 (in relation to the wave regime)),
there are not anticipated to be any discernible effects on marine processes resulting
from mounds formed by drill arisings. It is likely that any mounds of granular material
will erode over time, reducing the size of the mounds - but the rate at which this
occurs is not possible to predict due to uncertainties over the material and how it will
break down during drilling.

Seabed preparation for HVAC reactive compensation substations
1.6.68

Up to two offshore HVAC reactive compensation substations will be required for
Project Two. They will be situated within the cable route corridor at the coordinates
provided in the Project Description (Volume 1, Chapter 3: Project Description). The
maximum volume of sediment that would be excavated per compensation substation
is 19,242 m3, which is less than the maximum volume for turbine GBFs (23,892 m3).

1.6.69

The spatial and temporal extents and the concentration of the sediment plume
generated by seabed preparation for a compensation substation is expected to be
equal to or less than that generated by that for a turbine GBF, as the quantity of
material to be released is smaller, and the prevailing tidal currents and sediment type
are similar (described in more detail in paragraphs 1.6.130 onwards and Annex 5.1.4:
Plume Dispersion Modelling).

Fine material
1.6.75

To determine the fate of fine material (<250 µm in diameter) dispersed during the
seabed preparation process, numerical sediment plume dispersion modelling (SEDPLUME) was carried out, as described in detail in Annex 5.1.4: Plume Dispersion
Modelling.

1.6.76

Fine sediment deposits around the dredging areas were predicted to be localised and
in the region of a few millimetres, whilst fine sand deposits were negligible. At the
disposal areas the fine sediment deposits were predicted to be localised and
consisted of a few centimetres overlying the disposed sand.

Seabed preparation prior to installing GBFs will result in the deposition of material on
the seabed.
1.6.70

Seabed preparation (dredging and disposal of material) during installation of GBFs
will result in the release of both granular material (sands and gravels) and fine
material (silts and fine sands) at the sea surface, which will deposit on the seabed.
Both types of material have been assessed in this section.
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Figure 1.27

Predicted peak depth averaged increases in SSC above background levels (mg/l) during seabed preparation for two concurrent GBFs.
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1.6.77

Deposition on the seabed is not considered a marine processes receptor. Therefore,
this section has described the potential changes due to Project Two, but does not
provide a significance level. Impacts on receptors are described in other relevant
chapters, as listed in Table 1.26.

Sandwave clearance: Trailer suction hopper dredger
1.6.83

Engineering assessments have identified that sandwaves at the following locations
along the cable route corridor may be suitable for clearing using trailer suction hopper
dredging (refer to Figure 1.12 for locations):

Potential for sandwave clearance associated with the installation of the export cable to
increase SSC within the water column.



KP 52.2;

1.6.78

Along the cable route, a range of bedforms have been observed in the bathymetric
survey data: both megaripples and sandwaves are present with varying height and
spacing. The majority of these bedforms are deemed to be very mobile, as they are
wave related, isolated on a gravel substrate and/or very asymmetric.



KP 58.5 and KP 60;



KP 61 to KP 63;



KP 70 to 71.5;

Analysis of the cable route (Annex 5.1.5: Bedform Analysis of the Cable Route) has
identified that most bedforms have crests that are aligned parallel or very obliquely to
the cable route, allowing for cabling through the troughs. However, where preconstruction surveys show pronounced sandwaves along the route, these may
require clearing or ‘pre-sweeping’ to the level of the bottom of the trough of the
sandwave prior to cable burial. This will be achieved using a trailer suction hopper
dredger or a mass flow excavator (for example, the ROTECH jetting system)
mounted on a dynamic positioning vessel. Both of these sandwave clearance
techniques have been assessed.



KP 76 to 77.5;



KP 81 to KP 83.2; and



KP 96.

1.6.79

1.6.80

The dispersion of sediment arising from sandwave clearance has been simulated
using the HR Wallingford SEDPLUME-RW model. The modelling was carried out in
support of the Environmental Impact Assessment for Project One. As the Project Two
cable route corridor follows a very similar route to the Project One cable route
corridor, the plume assessment work carried out for Project One is relevant to Project
Two.

1.6.81

Annex 5.1.6: Cable Burial Plume Assessment presents the full results of the plume
dispersion modelling carried out for Project One, and draws upon this work to assess
the effects of sandwave clearance associated with Project Two.

1.6.82

All the sandwaves to be cleared are offshore in water depths of 20 to 30 m. The
closest sandwave to the coast that may need to be cleared is at KP52.2,
approximately 50 km from the shoreline. The water depth at this point is
approximately 20 m.

1.6.84

Sandwave clearance using a trailer suction hopper dredger was simulated through
the sandwaves between KP 81 and KP 83, which is considered to be representative
of the sandwaves listed above. Large sand deposits are present in this area which
may have been part of a palaeo-delta (glacial till may be present as well as
calcareous remains and boulders). The mobile sediment forms seabed features such
as sandwaves, in this case the sandwave is 1 km long, 5 m high.

1.6.85

Figure 1.28 shows the predicted increase in depth-averaged SSC (fine sediment (< 63 µm in diameter) during dredging. The plume footprint is aligned to the main tidal
flow direction and is asymmetric: higher predicted SSC is observed to the northwest
of the release point. The predicted footprint of up to 40 mg/l SSC above background
levels extends for 200 m from the cable route. Due to the settling and re-suspension
of fine sediments, the predicted maximum extent of the sediment plume (> 2 mg/l
above background SSC levels) is 16 km northwest and 17 km southeast from the
point of release. The peak predicted increase in above background concentration is
37 mg/l and occurs along the dredge track.

1.6.86

Coarser sands and gravels displaced by the dredging activity will not be dispersed by
tidal currents. They will be mobilised in the immediate vicinity of the activity but will
settle rapidly in close proximity to the point of disposal.
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Sandwave clearance: Jetting (mass flow excavator)
1.6.87

Figure 1.28

Engineering assessments have identified that sandwaves at the following locations
along the cable route corridor may be suitable for clearing using the jetting technique
(refer to Figure 1.12 for locations):


KP 61 to 63 (sandwave 1);



KP 70 to 71.5 (sandwave 2); and



KP 76 to 77.5 (sandwave 3).

1.6.88

In this scenario, all three of these sandwaves were simulated.

1.6.89

Figure 1.29 shows the predicted increase in depth-averaged SSC (fine sediment (<63 µm in diameter) during jetting using a mass flow excavator. This figure plots the
predicted maximum increases in depth-averaged SSC above background during the
simulation; it does not show the actual plume at any time but rather the peak values
attained at each location over the course of the model simulation. In order to illustrate
‘real time’ effects, Figure 1.30 shows the predicted increases in depth averaged SSC
at four distinct points in time throughout the model simulation for the largest
sandwave: sandwave 1.

1.6.90

At the largest sandwave (1), predicted increases in depth-averaged SSC peak at
approximately 900 mg/l above background levels; however as shown on Figure 1.29,
such increases are confined to an area very close to the sandwave location, and as
shown on Figure 1.31 are predicted to occur for a very short period of time (less than
one hour). Increases of up to 200 mg/l are observed up to 18 km to the north of the
sandwave, and increases of up to 50 mg/l are observed in the southern extent of the
plume.

1.6.91

Increases in SSC at sandwaves 2 and 3 display a similar pattern of dispersion but the
increases above background levels are reduced compared to sandwave 1.

Sandwave clearance: dredging - Predicted peak increase of depthaveraged SSC above background levels at KP52 (see Figure 1.12).
Dredged path marked in black.
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Figure 1.29

Sandwave clearance: Jetting - Predicted maximum increases in depth-averaged SSC above background conditions, for sandwaves 1, 2 and 3.
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Figure 1.30

Sandwave clearance: jetting – Predicted increases in depth averaged SSC above baseline conditions at four points in time, for sandwave 1.
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1.6.92

At two points within the suspended sediment plume for each of the three sandwaves,
time-series data have been plotted to show the maximum increases in SSC over
time, as presented in Figure 1.31, Figure 1.32 and Figure 1.33 for sandwaves 1, 2
and 3, respectively. The observed dispersion of fine material from jetting activity is
relatively rapid. For sandwaves 2 and 3, there is evidence of material being resuspended by tidal currents after jetting activity has ceased, resulting in a second,
smaller ‘peak’ in SSC. After 24 hours of model simulation, it can be seen that the
SSC has returned to background levels.

1.6.93

Previous research and metocean data collected for Project Two (see Section 1.5)
indicate that SSC levels are typically between 3 to 30 mg/l in the offshore area,
although under storm conditions values can increase to up to 250 mg/l offshore (HR
Wallingford et al., 2002). An increase of up to 200 mg/l during sandwave clearance
activities is considerably higher than typical background levels, but is within the range
of storm conditions and occurs for a very short period of time (up to 6 hours for the
largest sandwave).

Figure 1.32

Figure 1.31

Time series illustrating predicted depth averaged suspended sediment
concentration (mg/l) above background levels during jetting activity at
sandwave 1.
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Time series illustrating predicted depth averaged suspended sediment
concentration (mg/l) above background levels during jetting activity at
sandwave 2.

Granular material
Trailer suction hopper dredging
1.6.96

Dredged material will be disposed within designated Disposal Areas 2A and 2B, as
described in Table 1.20. The total volume of material to be disposed is shown in
Table 1.20.

Table 1.20

Volume of material to be dredged and disposed during sandwave
clearance activities.
Volume (m3)

Element

Figure 1.33

1.6.94

Time series illustrating predicted depth averaged suspended sediment
concentration (mg/l) above background levels during jetting activity at
sandwave 3.

Increases in SSC is not considered to be a receptor for marine processes. Therefore,
this section has described the potential changes resulting from Project Two, but does
not provide a significance level. Impacts on receptors are described in other relevant
chapters, as listed in Table 1.26.

Sandwave clearance associated with the installation of the export cable will deposit
material on the seabed.
1.6.95

Sandwave clearance required for the installation of the export cable will result in the
release of both granular material (sands and gravels) and fine material (silts and fine
sands), which will deposit on the seabed. Both types of material have been assessed
in this section, for both of the sandwave clearance methodologies proposed: trailer
suction hopper dredger; and jetting (mass flow excavator).

Disposal Area 2A

1,269,000

Disposal Area 2B

131,000

Total Disposal Area 2

1,400,000

1.6.97

Coarse material (sands and gravels) disturbed during the dredging process will
deposit on the seabed in close proximity to the point of release. Material will be
deposited within the designated disposal sites identified in the Development Consent
Order.

1.6.98

HR Wallingford’s SEDPLUME-RW was used to calculate the area of seabed affected
from a single placement of material during sandwave clearance activities. The same
assumptions were made about the dredging and disposal activity as were made in
the modelling of plume dispersion, as described in Annex 5.1.6: Cable Burial Plume
Assessment.

1.6.99

A single placement was found to be approximately 200 m in diameter and up to 1 m
in height at the centre of the mound, reducing to negligible height at the edge of the
mound. A mound of this size is not anticipated to have any effect on marine
processes.

1.6.100 Comparison of all the placements required for Project Two (see Table 1.19), and
comparison of the footprint of a single placement with the available disposal areas,
indicates that placements can be spaced so that they need not overlap with each
other. While in practice some placements maybe placed over others, the general
effect of all placements together can be reasonably characterised as peaks of around
1 m separated by a few hundred metres.
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1.6.101 The dredged material is predominantly fine to medium grained sand and will be
placed back in an area of fine to medium grained sand. The placed material will be
re-worked over time by waves and currents although in this area of the Southern
North Sea tidal currents are more dominant (Van der Molen, 2002). As the material is
re-worked it can be expected that the peak will flatten and become elongated in the
direction of net transport. It is likely that any change in morphology or substrate will
be undetectable within a few hundred metres of the placement, and that over time,
the areas where placements occur will be indistinguishable from surrounding areas.
1.6.102 A range of bedform types have been identified along the cable route corridor by
Fugro (2011a), including in the area of the proposed disposal. These ranged from
small scale sand ribbons and current striations to very large dunes, with heights
exceeding 5 m. The majority of the larger bedform crests were orientated
approximately east-west, north west-south east or north east-south west, suggesting
sediment transport directions are roughly north-south, with localised variations. These
sediment transport directions broadly agree with the regional sediment transport
regime within the Humber region of north-north-west (Stride, 1982; Kenyon and
Cooper, 2005). However, as noted by Kenyon and Cooper (2005), smaller sand
waves forming between the larger sand wave features become influenced by the
current patterns around the larger bedforms. These smaller features then become
aligned and coalesce with the larger features.
1.6.103 On the basis of this evidence it can reasonably be assumed that sediment placed
with the disposal area will either (if the placement is adjacent to a large sandwave
feature) become influenced by the larger feature and become part of that feature over
time; or, (if the placement is sufficiently far from a large sand wave feature) move
broadly in line with sediment transport patterns (as described in the previous
paragraph) over time, becoming indistinguishable from the background sand
transport patterns.

Fine material
1.6.105 To determine the fate of fine material (< 250 µm in diameter) dispersed during the
sandwave clearance process, numerical sediment plume dispersion modelling (SEDPLUME) was carried out. The modelling was carried out in support of the
Environmental Impact Assessment for Project One. As the Project Two cable route
corridor follows a very similar route to the Project One cable route corridor, the plume
assessment work carried out for Project One is relevant to Project Two.
1.6.106 Annex 5.1.6: Cable Burial Plume Assessment presents the full results of the plume
dispersion modelling carried out for Project One, and draws upon this work to assess
the effects of sandwave clearance associated with Project Two.
Trailer suction hopper dredging
1.6.107 Figure 1.34 shows the extent of the predicted cumulative sediment deposit (deposits
greater than 0.5 mm in thickness). At its widest, the maximum extent of the predicted
footprint extends 60 m to the northwest and 250 m to the southeast of the cable
route. The material is predicted to deposit and form this footprint under low flow
conditions, when the flow speeds pick up, the material is re-suspended and
transported by the tide away from the site (this happens twice during the simulation
and there is no indication that there is any deposition greater than 0.5 mm thickness).
Any sediment that settles to form a layer less than 0.5 mm is small enough to be
reworked through the tide and dispersed to form part of the background material.

Jetting (mass flow excavator)
1.6.104 Coarser sands and gravels displaced by the jetting activity are likely to be entrained
into the water column but will not be dispersed by tidal currents. They will settle
rapidly in close proximity to the cable route. Material deposited from sandwave
clearance activities is not anticipated to form mounds of a size that would affect
marine processes. The clearance activity will be undertaken in areas of the seabed
with an active sediment regime (as indicated by the presence of the sandwaves) and
in such environments it is anticipated that any material deposited will be re-worked by
the prevailing tidal currents within a relatively short timescale.
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Jetting
1.6.108 Figure 1.35 shows the extent of the predicted cumulative sediment deposit from the
three sandwaves modelled (deposits greater than 0.5 mm in thickness). At all three
locations, the greatest levels of deposition are observed in close proximity to the
sandwave. The largest sandwave (sandwave 1, furthest to the west) generates the
greatest levels of deposition: the predicted footprint extends approximately 20 m to
the north and deposition is observed at levels up to 5 mm, although the majority of
deposition within this wider footprint is less than 1 mm. Any sediment that settles to
form a layer less than 0.5 mm is considered small enough to be reworked through the
tide and disperse and form part of the background material.

Figure 1.34

Sandwave clearance: dredging - Predicted accumulated deposition of fine
sediment at KP 52 (see Figure 1.12). Dredged path marked in black.
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Figure 1.35

Sandwave clearance: jetting - Predicted accumulated deposition of fine sediment. Dredged path marked in black.
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Potential for sandwave clearance associated with the installation of the export cable to
affect the wave regime.
1.6.109 Two sandwave clearance methodologies are proposed:


Trailer suction hopper dredging; and



Jetting (mass flow excavator).

1.6.110 The approach to assessing both of these techniques and the results of the modelling
assessments are presented in paragraphs 1.6.78 to 1.6.94 and described in more
detail in Annex 5.1.6: Cable Burial Plume Assessment.
1.6.111 Engineering assessments have identified that sandwaves at the following locations
along the cable route corridor may need to be cleared:


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.

1.6.112 However, sandwaves are dynamic features and the exact clearance requirements will
not be determined until a survey of the cable route corridor has been undertaken at
the detailed engineering design stage of the project.
1.6.113 Sandwave clearance will be limited to discrete areas approximately 20 m width to
enable cable laying activities to be carried out. The largest sandwave that may need
to be cleared is 5 m in height. The average sandwave height is 1 to 2 m (Fugro,
2011a).
1.6.114 All the sandwaves to be cleared are offshore in water depths of 20 to 30 m: as
identified in paragraph 1.6.62, the closest sandwave to the coast that may need to be
cleared is at KP 52.2, approximately 50 km from the shoreline. The water depth at
this point is approximately 20 m.
1.6.115 In water depths of 20 to 30 m, the clearance of limited sections of sandwaves is not
anticipated to have any effect on the wave regime offshore or at the coastline.
1.6.116 The wave regime is not considered to be a receptor. Therefore, this section has
described the potential changes resulting from Project Two, but does not provide a
significance level. Impacts on receptors are described in other relevant chapters, as
listed in Table 1.26.

Potential for the combined effects of sandwave clearance associated with the
installation of cables within Subzone 2, and turbine installation, to increase SSC within
the water column.
1.6.117 There is the potential for turbine installation to take place at two locations, at the
same time as sandwave clearance associated with cable installation within Subzone
2. These activities will result in the release of sediments which may increase SSC
within the water column.
1.6.118 As demonstrated in previous impact assessments, seabed preparation associated
with GBFs generates the greatest increases in SSC of all the proposed turbines types
(see paragraph 1.6.14 onwards for an assessment of monopile installation, and
paragraph 1.6.48 onwards for an assessment of seabed preparation for GBFs).
1.6.119 In much of Subzone 2 sandwaves are not present, or are sufficiently small so as not
to require clearance prior to cable installation. As illustrated in Figure 1.11, the
majority of the larger sandwaves are located in the south-western section of Subzone
2, and some of these may require clearance before cables are installed.
1.6.120 An engineering assessment has been carried out to calculate the volumes of material
that require clearance along Subzone 2 cable sections where sandwaves are
present. Calculations have shown that the greatest volume of material to be cleared
along a single section of cable route, assuming a 10 m wide clearance corridor, is
13,974 m3. The engineering assessment is based on the best available bathymetric
survey data of Subzone 2 (GEMS, 2012); however it should be noted that sandwaves
are dynamic features and the exact clearance requirements will be determined during
the detailed engineering design stage of the project.
1.6.121 The worst case scenario in terms of the potential cumulative interaction of sediment
plumes is for two adjacent seabed preparation operations to take place, at the same
time as the largest sandwave clearance operation along an adjacent Subzone 2
cable section. An assessment has therefore been carried out of these three
operations taking place concurrently.
1.6.122 Sandwave clearance has been simulated using two methods:


Trailer suction hopper dredger (TSHD); and



Mass flow excavator (for example, the ROTECH jetting system) mounted on a
dynamic positioning vessel.

1.6.123 Information about the in situ sediment within Subzone 2 was taken from borehole
data (Fugro, 2012). Full details are provided in Annex 5.1.4: Plume Dispersion
Modelling. For the purpose of the assessment, the fine sediment content of the
sandwaves was taken as 1.5% due to the inherently sandy nature of the material.
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Clearance of sandwaves using a TSHD (and two concurrent turbine
installations)
1.6.124 In this scenario, the increase in SSC during the clearance of sandwaves along a
single Subzone 2 cable section, and two concurrent adjacent seabed preparation
activities, were estimated by scaling the results from the concurrent seabed
preparation modelling assessment. This is possible because both activities use the
same technique (as described in paragraphs 1.6.51 to 1.6.54), and release material
in close proximity to each other.
1.6.125 A previous impact assessment (see paragraph 1.6.62 onwards) has assessed the
increase in SSC resulting from concurrent seabed preparation operations taking
place at two adjacent turbine locations. In that assessment, two turbines to the
furthest east of Subzone 2 were selected for assessment on the basis of their
proximity to ecological receptors that are sensitive to increases in SSC (see Chapter
2: Benthic Subtidal and Intertidal Ecology for further details).
1.6.126 The current assessment uses the seabed preparation modelling results from ‘turbine
1’ on Figure 1.24 as it is the closest modelled turbine to the sandwave areas in the
south-west of Subzone 2. Using GIS tools, the modelling results were scaled so that
they were representative of a release from two adjacent seabed preparation
activities, and a sandwave clearance operation along an adjacent Subzone 2 cable
section, at the same time. The resulting output represents the total release of fine
sediment from the combined activities, with adjustments for differences in the fine
sediment content of the material, and making some allowance for the intermittent
nature of dredging small sandwaves.
1.6.127 Figure 1.36 shows the predicted peak increase in depth-averaged SSC above
background levels arising from a sandwave clearance operation along a Subzone
2cable section, and two adjacent and concurrent GBF seabed preparations.
Increases in depth-averaged SSC of 5-10 mg/l were predicted to extend up to
12.5 km north-west and 13 km south-east of the dredging/disposal/sandwave
clearance locations.
1.6.128 The increases in SSC are expected to be short lived, behaving in a similar manner to
the two concurrent adjacent seabed preparation activities considered in a previous
assessment: as described in paragraph 1.6.64 and shown in Figure 1.26, the ‘spikes’
of increased SSC are very short lived, lasting between 1 and 2 hours. SSC levels are
variable throughout the simulated operations (approximately 27 hours), reflecting the
intermittent nature of the dredging and disposal activities.
Clearance of sandwaves using a mass flow excavator (and two concurrent
turbine installations)
1.6.129 In this scenario, different techniques are used for the clearance of sandwaves (mass
flow excavator) and seabed preparation activities (TSHD).

1.6.130 A previous impact assessment (paragraph 1.6.87 onwards) assesses the clearance
of sandwaves along the export cable route using a mass flow excavator. Three
different sized sandwaves were modelled, the smallest of which simulated the
removal of approximately 16,000 m3, which is comparable in size to the maximum
volume of material that will be cleared along a Subzone 2 cable section (13,974 m3,
as described in paragraph 1.6.119).
1.6.131 Again, the seabed preparation modelling results from ‘turbine 1’ on Figure 1.24 (the
closest modelled turbine to the sandwave areas in the south-west of Subzone 2)
were scaled so that they were representative of a release from two adjacent
concurrent seabed preparation activities. The modelling results from the smallest
sandwave along the export cable route were then transposed to the location of the
largest sandwave along a Subzone 2 cable route. Using GIS tools, the two
overlapping plume outputs were merged to create a combined plume representing
both sandwave clearance along a Subzone 2 cable section, and two concurrent
adjacent seabed preparation activities.
1.6.132 Figure 1.37 shows the predicted peak increase in depth-averaged SSC above
background levels arising from sandwave clearance along a Subzone 2 cable
section, and two adjacent and concurrent GBF seabed preparations. Increases in
depth-averaged concentration of 5-10 mg/l were predicted to extend up to 17.5 km
northwest and 13 km southeast of the dredging/disposal/sandwave clearance
locations.
1.6.133 The increases in SSC are expected to be short lived, behaving in a similar manner to
the two concurrent adjacent seabed preparation activities considered in a previous
assessment: as described in paragraph 1.6.64 and shown in Figure 1.26, the ‘spikes’
of increased SSC are very short lived, lasting between 1 and 2 hours. SSC levels are
variable throughout the operations (approximately 27 hours), reflecting the
intermittent nature of the dredging and disposal activities.
1.6.134 Increases in SSC are not considered to be a receptor for marine processes.
Therefore, this section has described the potential changes resulting from Project
Two, but does not provide a significance level. Impacts on receptors are described in
other relevant chapters, as listed in Table 1.26.
The combined effects of sandwave clearance associated with the installation of cables
within Subzone 2, and turbine installation, will deposit material on the seabed.
1.6.135 As described in the previous impact assessment, there is the potential for turbine
installation to take place at two locations, at the same time as sandwave clearance
associated with Subzone 2 cable installation. These activities will result in the release
of both granular material (sands and gravels) and fine material (silts and fine sands),
which will deposit on the seabed. Both types of material have been assessed in this
section.
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Granular material
Clearance of sandwaves using a TSHD (and two concurrent turbine
installations)
1.6.136 Coarse material (sands and gravels) disturbed during the dredging process will
deposit on the seabed in close proximity to the point of release. Coarse material
deposited on the seabed during the disposal process will form mounds within
Subzone 2.
1.6.137 An assessment of the effects of deposition of granular material during the dredging
process (for seabed preparation activities) is presented in paragraphs 1.6.71 to
1.6.76. The total area of seabed affected by one single placement from a TSHD,
calculated using a 3D dynamic plume model, was found to be approximately 120 m in
diameter and up to 1.5 m in height. It is assumed that the sandwave clearance
activity would require the TSHD to dredge up to 5 partial loads of 3,000 m3 for the
largest sandwave. Several placements will be undertaken and it is unlikely that each
placement will be made at exactly the same location. Although it is assumed that
each placement will be made whilst the dredger is stationary at broadly the same
location, it is reasonable to allow a (spatial) tolerance of 50 m for placement. On this
basis, it is reasonable to assume the total area affected by placement during the
clearing of the largest sandwave along a Subzone 2 cable route, would be up to
250 m in diameter.
1.6.138 This process is not anticipated to form a mound of a size that would affect marine
processes, either within the array or outside of it. It is anticipated that the material will
be gradually re-worked by the prevailing tidal currents, reducing in size over time.
Clearance of sandwaves using a mass flow excavator (and two concurrent
turbine installations)
1.6.139 Coarser sands and gravels displaced by the mass flow excavator are likely to be
entrained into the water column but will not be dispersed by tidal currents. They will
settle rapidly in close proximity to the point of release. Material deposited from
sandwave clearance activities associated with Subzone 2 cable installation (and two
concurrent turbine installations) is not anticipated to form mounds of a size that would
affect marine processes.
Fine material
1.6.140 A previous impact assessment (paragraph 1.6.75 onwards) assesses the deposition
of fine sediments during seabed preparation activities using a TSHD. Fine sediment
deposits around the dredging areas were predicted to be localised and in the region
of a few millimetres, whilst fine sand deposits were negligible. At the disposal areas
the fine sediment deposits were predicted to be localised and consisted of a few
centimetres overlying the disposed sand.

1.6.141 The additional activity of sandwave clearance associated with the installation of
Subzone 2 cables, using either a TSHD or a mass flow excavator, will have a
negligible effect on the level of deposition of fine sediment on the seabed, as the vast
majority (98.5%) of the sandwave material is granular, due to the inherently sandy
nature of the material, as described in paragraph 1.6.122.
1.6.142 Deposition of material on the seabed is not considered to be a receptor for marine
processes. Therefore, this section has described the potential changes resulting from
Project Two, but does not provide a significance level. Impacts on receptors are
described in other relevant chapters, as listed in Table 1.26.
Potential for sandwave clearance associated with the installation of the cables within
Subzone 2 to affect the wave regime.
1.6.143 All the sandwaves to be cleared are within Subzone 2. Water depths within the
Subzone 2 survey area range from approximately 25 m to 76 m below LAT (GEMS,
2012). At these depths, the clearance of limited sections of sandwaves is not
anticipated to have any effect on the wave regime offshore or at the coastline, and
will be negligible compared to any effects on the wave regime of the operational
presence of the WTGs, which is considered in a separate assessment (paragraph
1.6.223 onwards).
1.6.144 The wave regime is not considered to be a receptor. Therefore, this section has
described the potential changes resulting from Project Two, but does not provide a
significance level. Impacts on receptors are described in other relevant chapters, as
listed in Table 1.26.
Potential for installation of cables to increase SSC within the water column and deposit
material on the seabed.
1.6.145 The extent and method by which the export, inter-array, platform interconnector and
accommodation platform cables will be buried is dependent on the result of a detailed
seabed survey of the final cable route and associated burial risk assessment process.
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.
1.6.146 Of these techniques, jetting and ploughing have the potential to create the greatest
disturbance to seabed sediments and as such both have been assessed using the
HR Wallingford SEDPLUME-RW model. The modelling was carried out in support of
the Environmental Impact Assessment for Project One (SMart Wind, 2013). As the
Project Two cable route corridor follows a very similar route to the Project One cable
route corridor, the plume assessment work carried out for Project One is relevant to
Project Two. Annex 5.1.6: Cable Burial Plume Assessment presents the full results of
the plume dispersion modelling carried out for Project One, and draws upon this work
to assess the effects of cable burial associated with Project Two.
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1.6.147 Based on the survey of the cable route corridor undertaken by Fugro (2011a), the
overlying sediments were identified to be mainly coarse sediments (fine to coarse
sand), very coarse sediments (gravel, cobbles and boulders) and glacial till. Very
coarse sediment and glacial till occur along most of the route. In addition, the survey
identified current-induced bedforms (ripples, megaripples and sandwaves) in places
along the cable route corridor, together with featureless sections.
1.6.148 For both techniques the model was set up to simulate the two principal conditions
likely to be encountered along the export, inter-array, platform interconnector and
accommodation platform cable lays: sand and till. Although jetting or ploughing
through till is likely to result in greater sediment dispersion than through sand
(because till is a finer material once it is broken up by the jetting process), a
representative sandy area was modelled to determine the fate of the dispersion of
any fine material in predominantly sandy areas.
1.6.149 The modelling revealed that cable burial using the jetting technique has a greater
effect on sediment dispersion than ploughing, and as such the results of the jetting
assessment are presented in this section. The full results of the ploughing
assessment are presented in Annex 5.1.6: Cable Burial Plume Assessment.
1.6.150 The extent and method by which the inter-array, platform interconnector,
accommodation platform and export cables will be buried will be determined by the
results obtained from a detailed seabed survey of the final cable route and associated
burial risk assessment process (see Volume 1, Chapter 3: Project Description, see
paragraphs 3.2.130 and 3.2.176.

1-69

Figure 1.36 Predicted peak increases in SSC above background levels (mg/l) during inter-array sandwave clearance (using TSHD) and seabed preparation of two concurrent GBFs.
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Figure 1.37 Predicted peak increases in SSC above background levels (mg/l) during inter-array sandwave clearance (using a mass flow excavator) and seabed preparation of two
concurrent GBFs.
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Export cable
1.6.151 It was assumed that eight cables of 150 km in length would be installed in total, and
that cables would be installed successively (i.e., one at a time). A target burial depth
below stable seabed of 3 m, subject to cable burial assessment, is anticipated for the
majority of the export cable. In areas with large mobile sand waves, a final burial
depth of 5 m may be achieved along up to 20% of the length of the offshore cable
route. The sandwaves will be cleared, as described above. When the sand waves reestablish themselves over the top of the cables, the cables could then be at a depth
of around 5 m under the surface of the seabed sediments. As the cable will not
physically be buried to 5 m, a burial depth of 3 m below the stable seabed is
considered to be the worst case scenario for sediment dispersion resulting from cable
burial activities.
1.6.152 The modelling results in this section are shown as plots of predicted maximum
increases in near-bed suspended sediment concentration above background during
the simulation and predicted cumulative seabed deposition occurring during the
simulation. These figures do not show the actual plume at any time but rather the
peak values attained at each location over the course of the simulation. This style of
figure is informative for showing the footprint of effect but tends to over-emphasise
the size of the plume at any particular instant.
1.6.153 Dispersion and deposition of coarser sediment was not modelled as coarse sand will
resettle in close proximity to the point of disturbance and gravel substrates will not be
mobilised and thus will not result in plume formation.
Plume dispersion modelling results
Jetting through sand
1.6.154 Figure 1.38 shows the maximum predicted increases in depth-averaged SSC above
background levels. Increases of depth-averaged SSC of less than 12 mg/l above
background levels (within typical background variability of 3 to 30 mg/l) and
deposition of up to 2 mm were predicted.
1.6.155 The maximum spatial extent of the predicted plume (increases of 2 to 5 mg/l) spreads
up to 16 km to the north and south of the cable route due to the tidal flows. Most of
the time the instantaneous predicted plume covers a much smaller area (and most of
the time the predicted concentration of the plume is <10 mg/l). In the close vicinity of
the cable route the peak predicted increase in concentration is 30 mg/l for a period of
15 minutes (in the simulation), extending up to 40 m from the cable route.

Figure 1.38

Cable burial: jetting through sand between KP 111.5 and 115.5 (see Figure
1.12) - Predicted increase peak depth-averaged SSC above background
levels.

1.6.156 Figure 1.39 shows the extent of the predicted cumulative deposit (deposits greater
than 0.5 mm in thickness). The predicted footprint extends 75 m on both sides of the
cable route. The sediment may initially be deposited to be later re-suspended,
transported and re-worked.
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Figure 1.39

Cable burial: jetting through sand between KP 36.5 and KP 40.5 (see
Figure 1.12) – Predicted accumulated deposition of fine sediment.

Figure 1.40

Cable burial: jetting through till between KP 36.5 and KP 40.5 (see Figure
1.12) - Predicted increase of depth-averaged SSC above background
levels.

Jetting through till
1.6.157 Figure 1.40 shows the maximum predicted increases in depth-averaged SSC above
background. Depth-averaged increases in SSC of less than 30 mg/l above
background levels and deposition of up to 3 mm are predicted.

1.6.159 During jetting through till, the peak value of concentration is predicted to last for
15 minutes. The typical width of the plume >20 mg/l is 100 m. The peak predicted
increase in SSC is about 30 mg/l and extends 40 m from the cable route.

1.6.158 The spatial extent of the predicted plume (between 2 and 5 mg/l) spreads up to
16 km to the north and south of the cable route due to the tidal flows. For the majority
of the time the instantaneous predicted plume covers a much smaller area (and most
of the time the predicted concentration of the plume is <10 mg/l). In the close vicinity
of the cable route the predicted instantaneous concentrations reach a peak of 30 mg/l
for a short time. The apparent ‘clustering’ of sediment around the edge of the Silver
Pit is partly an artefact of the timing of the release, the cut-off chosen for the
sediment concentration and the low concentration levels.

1.6.160 Figure 1.41 shows the extent of the predicted cumulative deposit (deposits greater
than 0.5 mm in thickness). The figure shows three areas where there is the potential
for deposition of more than 1 mm of fine sediment. The maximum potential deposition
is predicted to be 3 mm along the jetting track. The footprint of deposits of greater
than 2 mm extends 60 m around the release point. The patterns of deposition due to
the jetting of the bed material correspond to the lower tidal flow speeds.
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1.6.162 Results should be considered in the context of the natural variation of background
SSC levels. Previous research and metocean data collected for Project Two indicate
that SSC levels are typically between 3 to 30 mg/l in the offshore area, although
under storm conditions values can increase to up to 250 mg/l offshore.
1.6.163 The short-term increases in SSC as a result of cable installation (less than 30 mg/l)
will typically be of the order of background levels or above during quiescent
hydrodynamic conditions, and are likely, therefore, to exceed average background
SSC levels. However, they are well within the range of background levels observed
during storm events and hence the natural variability.
1.6.164 Suspended sediment monitoring during cable laying was carried out at Kentish Flats
offshore wind farm where ploughing methods were used to install three export cables.
Monitoring 500 m down-tide of the cable laying operations showed marginal, shortterm increases in background levels (approximately a 9% increase on the modal
concentrations) and peak concentrations occasionally reaching 140 mg/l equivalent
to peaks in the background levels.
1.6.165 Cable installation activities are not expected to lead to any long-term disruption to
background SSC or result in any substantial deposition on the seabed.
1.6.166 Due to the dispersive nature of the jetting technique, alternative methods of
installation such as ploughing will tend to lead to no greater and most likely lower
levels of suspended sediment than the jetting technique considered in this section.
Inter-array, offshore platform interconnector and accommodation platform
cables
1.6.167 The maximum adverse effect on the potential increase in SSC is considered to arise
from a jetting installation technique, along the total combined cable length of up to
985 km, buried to a depth of 3 m below the stable seabed.

Figure 1.41

Cable burial: jetting through till - Predicted accumulated deposition of fine
sediment arising.

1.6.161 Figure 1.42 displays the modelled worst case scenario for sediment dispersion
(jetting through till), and transposes the extent of the predicted increase in SSC of 5
to 10 mg/l along the entire cable route, to provide an indication of the maximum
predicted increase in SSC above background levels. Whilst the maximum extent of
increases in SSC of 5 to 10 mg/l above background levels is of the order of 20 km,
the peak concentrations are patchy and widely dispersed, as can be seen from the
inset box on Figure 1.42.

1.6.168 To consider the effects of installing inter-array, platform interconnector and
accommodation platform cables (within Subzone 2), a comparison has been made to
the assessment carried out for the seabed preparation for GBFs (see paragraphs
1.6.49 to 1.6.69). Although the sediment is likely to be of a comparable nature to that
assessed for the GBF installations, the disturbed sediment for GBFs was assumed to
be removed from the bed and then released into the surface waters; for the cabling,
the jetting technique necessarily fluidises the sediment at the bed. As a result, any
material that is entrained into the water column is likely to quickly settle back to the
bed, since it has a significantly shorter distance to settle over (noting also that the
material released from seabed preparation for GBFs will be sand, and will have a
quicker settling rate than finer material). As a result of the installation technique and
the shorter settling distances, any disturbed sediment from the installation of the
inter-array, platform interconnector and accommodation platform cables will likely
return to the bed over significantly shorter timescales than those assessed for the
GBF installation.
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Figure 1.42

Maximum predicted increase in SSC resulting from cable burial.
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1.6.169 Any elevation in SSC due to inter-array, platform interconnector or accommodation
platform cable installation will be less than that caused by the seabed preparation for
foundation installation, previously assessed to be short-lived over the near field and
rapidly dispersed by the tidal regime. Any material that is suspended during cable
installation will quickly fall out of suspension and remain within Subzone 2. Therefore,
as indicated in previous studies EMU (2005) and DECC (2008a; 2008b), the effects
of inter-array, platform interconnector and accommodation platform cable laying on
SSC at any given location will be short-lived over the near-field, rapidly settling back
to the bed close to the point of disturbance. Increases in SSC are not considered a
receptor in marine processes terms. Therefore, this section has described the
potential changes due to Project Two, but does not provide a significance level.
Impacts on receptors are described in other relevant chapters, as listed in Table 1.26.
Potential for the installation of the export cable at the landfall to affect beach
morphology, hydrodynamics and sediment transport (littoral drift).
1.6.170 The methods that may be used to install cables in the intertidal area are jetting,
trenching by use of a tracked excavator or similar, and ploughing.
1.6.171 The jetting technique uses jets of water to mobilise sediments to allow the pre-laid
cable to sink into the seabed. As such, this method has the potential to release the
greatest volume of sediments into suspension and is therefore considered to be the
worst case for sediment disturbance. Ploughing and trenching techniques will result
in a lesser change and as such are considered to be within the envelope of effects
assessed for the jetting technique. Further details of the modelling assessment are
provided in Annex 5.1.7: Landfall Assessment.

1.6.175 Surface grab samples reveal that sand is the main component of the intertidal area,
and typically fine sand is present in all samples. It has been assumed that the
composition of the underlying sediment is consistent with that at the surface, for the
full depth of the cable burial. Borehole data collected by Fugro (2011b) indicate that
this is the case in nearby landward areas.
1.6.176 Plume modelling and assessment associated with the installation of the export cable
at the landfall site was carried out in support of the Environmental Impact
Assessment for Project One. As the Project Two landfall location is immediately to
the north of the Project One landfall location, the landfall assessment work carried out
for Project One is also relevant to Project Two. Annex 5.1.7: Landfall Assessment
presents the full results of the plume modelling and assessment carried out for
Project One, and draws upon this work to assess the landfall effects associated with
Project Two. The model simulated two periods of jetting, with a break in between
when there was insufficient water depth for the equipment to operate.
1.6.177 The predicted peak depth-averaged increases in SSC above background levels are
shown in Figure 1.43. This figure plots the predicted maximum increases in depthaveraged SSC during the 25-hour model simulation. The figure does not show the
actual plume at any time but rather the peak values attained at each location over the
course of the simulation. This style of figure is informative for showing the footprint of
effect but tends to over-emphasise the size of the plume at any particular instant.
1.6.178 In order to illustrate ‘real time’ effects, Figure 1.44 shows the predicted increases in
depth-averaged SSC at four distinct points in time: two when jetting is taking place;
and two when jetting is not taking place.

1.6.172 Jetting can only be carried out if water levels are suitable to provide water for the
pumps. Therefore, jetting work would be interrupted if used where the ground is not
submerged at low tide in the intertidal area.
1.6.173 The rate of release of sediment will depend upon the type of sediment into which the
cable is being installed. In the marsh and silty sand areas of the upper intertidal
profile, fines may be released within an area characterised by re-suspension and
deposition of fine sediment by the natural processes of waves and currents.
1.6.174 Once material is suspended by the jetting equipment, it will be dispersed by local tidal
currents. Typically, coarse sediment requires stronger currents to be transported than
finer material. The settling of the suspended sediment will be gradual. Most of the
medium sand and larger material may settle within the first few metres from the
jetting equipment. The finer material will be carried in suspension by the currents and
deposited when the currents speeds fall below the threshold of motion.
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Figure 1.43

Maximum increases in (depth-averaged) SSC above baseline conditions during jetting activity.
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Figure 1.44

Increases in (depth-averaged) SSC above baseline conditions during jetting activity at four points in time.
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1.6.179 Peak increases in suspended sediment concentration along the track of the jetting
device are of the order of 60 mg/l above background levels. Local and very shortlived (less than one hour, as the time-series graph in Figure 1.45 illustrates) larger
increases are likely to occur due to the re-suspension of fine sediment, previously
settled, due to the flood tide in very shallow waters. The model simulated two periods
of jetting, with a break in between when there was insufficient water depth for the
equipment to operate. It can be seen from Figure 1.44 and Figure 1.45 that
suspended sediment concentrations return to background levels between the release
periods. On the flood tide, suspended sediments will travel into shallower waters, and
during the ebb tide will be transported into deeper water.

1.6.180 As reported in Section 1.5 (Baseline Environment), inshore background SSCs are
typically 100 to 200 mg/l off the Holderness coastline (Prandle et al, 2000). During
storm conditions, measurements of SSCs off the Holderness coastline have recorded
levels of 800 mg/l in inshore areas (Blewett and Huntley, 1998). The predicted
increases in SSC during installation of the cable (up to 60 mg/l) are well within the
natural variability in this area. It is likely that at least several weeks’ gap will exist
between the installation of each cable (or cable circuit); however as the predicted
increases in SSC are very short lived (less than one hour), there will be no additive
effects of sediment plumes for each cable even if the time between the installation of
each cable is shorter (i.e. only a few days).
1.6.181 The deposition of fine material on the seabed was also modelled; however, the
results showed only very low levels of deposition in the intertidal area (in the order of
1 mm) and, therefore, are not represented in a figure.
1.6.182 The vast majority of coarse material (sands and gravels) displaced by the jetting
activity will deposit in close proximity to the point of jetting and will not be dispersed
by tidal currents. However, a proportion of fine sand may be dispersed. In order to
assess the fate of dispersed fine sand, a desk-based assessment was undertaken
which calculated the volume of sand that would be brought into suspension by the
jetting device, the fall velocity of the material, and the peak current speed along the
foreshore, in order to predict the maximum distance sand would travel from the point
of release, and the level of deposition (sediment thickness). To reflect the variability
in current speeds across the intertidal area as demonstrated by the tidal flow model
(see Annex 5.1.1, Tidal Calibration and Validation Report), this assessment was
undertaken for two current speeds: 0.4 ms-1 and 0.2 ms-1, and the results are
displayed in a graphical form in Figure 1.46 and Figure 1.47.
1.6.183 Very fine sand may travel as far as 160 m from the point of release if flow velocities
are of the order of 0.4 ms-1 (Figure 1.46). The thickness of sand deposited would be
low: up to 3 mm near the release point, decreasing to immeasurable quantities at
160 m. For lower velocities (0.2 ms-1) sand will travel a shorter distance from the
release point (up to 85 m) and as such levels of deposition will be greater, but still at
low levels (6 mm), as shown in Figure 1.47.

Figure 1.45

Time series graph showing depth averaged suspended sediment
concentration values above background levels at locations 1 and 2 (shown
in Figure 1.43).

1.6.184 Due to the short duration of the installation process, any localised changes to the
beach morphology (and hydrodynamics) are likely to be temporary and reversible.
1.6.185 If the cable is ploughed or trenched across the intertidal area, consideration needs to
be given to the type of material used to backfill the trenches. The same material type
that was excavated should be used to backfill to recreate the soil profile in order to
minimise the risk of future erosion, except in cases where the soil strength is reduced
by the excavation process – for example, if clay is disturbed its cohesive properties
may be reduced.
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1.6.186 Cable landfall works will involve installing the export cables from the Transition Joint
Bays, under the sea defences, and through the intertidal area to sea. Cables will be
installed underneath the sea defences and into the intertidal area using either
horizontal directional drilling, thrust bore or open cut trench techniques. During these
operations there is the potential for littoral drift to be temporarily affected at the cable
landfall due to the presence of construction equipment and barges in the intertidal
area.
1.6.187 The intertidal construction, including all phases and gaps between phases, will be
completed within five years from the start of intertidal construction, including the
installation of ducts under the sea defences and installing cables in the ducts and
laying them out to sea. The installation of cables within pre-laid ducts and the laying
of cables out to sea will be completed within four years from the start of cable
installation in the intertidal area. No plant or materials will be left in the intertidal area
between periods when work is being actively carried out.

Figure 1.46

Predicted dispersion and deposition of three representative grain sizes
(sands) with a current speed of 0.4 ms-1.

1.6.188 The works will be confined to the convergence zone and working areas shown in
Figure 3.17 of Volume 1, Chapter 3: Project Description. The effects are considered
to be localised (i.e., not representing a total blockage of the intertidal area) and short
term (i.e., confined to the duration of construction activities) and therefore are not
anticipated to adversely affect littoral drift.
Magnitude of impact
1.6.189 Due to the relatively short duration of the jetting, ploughing or trenching activities,
changes to the beach morphology (and hydrodynamics) are considered to be
temporary and reversible.
1.6.190 During the model simulation of jetting activity in the intertidal area, increases of up to
60 mg/l are predicted to occur; however these peaks of concentration are short lived
(less than one hour) and are within the levels of natural variability. Deposition of fine
material in the intertidal area is predicted to be very low (less than 1 mm).
1.6.191 With respect to changes to beach morphology, hydrodynamics and littoral drift, the
magnitude of this impact is considered to be negligible.
Sensitivity of receptor
1.6.192 The shoreline is considered to be a sensitive receptor. Effects to the shoreline as a
result of changes to the hydrodynamic, wave or sediment regime may alter the
morphology of the shoreline or interrupt baseline patterns of sediment transport or
littoral drift.
1.6.193 The shoreline is deemed to be of minor vulnerability with moderate to high levels of
recoverability. The sensitivity of the receptor is therefore, considered to be medium.

Figure 1.47

Predicted dispersion and deposition of three representative grain sizes
(sands) with a current speed of 0.2 ms-1.
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Significance of effect
1.6.194 The effect will, therefore, be of negligible significance, which is not significant in EIA
terms.

1.6.200 It is not expected that footprints from jack-up barges will have implications for
sediment transport across the site; they are merely depressions that will infill over
time. The ecological implications of such footprints are discussed in Chapter 2:
Benthic Intertidal and Sub tidal Ecology.

1.6.195 This impact assessment has specifically considered the potential for impacts from
intertidal cable installation on beach morphology, hydrodynamics and littoral drift. The
potential ecological impacts of the predicted changes to SSC are assessed in
Chapter 2: Benthic Subtidal and Intertidal Ecology.

1.6.201 The sediment regime is not considered a receptor in marine processes terms.
Therefore, this section has described the potential changes due to Project Two, but
does not provide a significance level. Impacts on receptors are described in other
relevant chapters, as listed in Table 1.26.

Potential for jack-up barges used for foundation installation to affect the sediment
regime.
1.6.196 The use of jack-up barges during foundation and turbine installation is common. For
Project Two jack-up barges will be used to install jacket foundations for a maximum
of 360 turbines, six offshore HVAC collector substations, two offshore HVAC reactive
compensation substations and two accommodation platforms. There will be up to
three jack-up operations per turbine. Each jack-up barge will have six spud cans per
barge, a total spud can area of 420 m2 total per jack-up barge.
1.6.197 A report commissioned by COWRIE (2010) collated and analysed information relating
to the effects of scour at a number of offshore wind farm sites including Barrow and
Kentish Flats. Monitoring surveys showed the presence of large indentations where
the jack-up legs had been positioned; however subsequent surveys illustrate that
these depressions in‐filled over time.

Operation and maintenance phase
1.6.202 The effects of the operation and maintenance of Project Two have been assessed on
marine processes in the offshore study area. The environmental impacts arising from
the operation and maintenance of Project Two are listed in Table 1.16 along with the
Design Envelope parameters against which each operation and maintenance phase
impact has been assessed.
1.6.203 A description of the effects upon marine processes receptors caused by each
identified impact is given below. An assessment of significance is only provided for
physical impacts on the shoreline and offshore sandbanks, for the reasons explained
in paragraphs 1.6.3 to 1.6.5.

1.6.198 In cohesive soils the footprints associated with the use of jack-up barges may persist
long after installation operations are completed. For example, the use of jack-up
vessels for the construction of the Kentish Flats offshore wind farm resulted in
spud can impressions in the London clay seabed soils that were visible several years
after construction and completion of the wind farm. Figure 1.48 shows residual
footprints from jack-up operations at Turbine F4 at Kentish Flats from a bathymetric
survey undertaken in 2005. Two sets of impressions from two separate jack-up
vessels can be observed in the figure. Figure 1.49 shows the same turbine location in
2007. Backfilling is occurring, but at a slow rate with the jack-up footprints still visible.
It is interesting to note that the extents of the footprints are similar in scale to that of
the extent of scour around the foundation. In areas where sediment transport rates
are low or the available sediment supply is low then infill rates will also remain low.
1.6.199 In non-cohesive soils the seabed recovery is expected to occur at a faster rate.
Sediment depths are variable across Subzone 2, but at some locations only a thin
veneer of sediments overlies till. As a result, there is some potential for jack-up
footprints to be recorded across Subzone 2. It is anticipated that these will begin to
infill over time, although evidence from other sites (such as that presented above)
suggests this could in certain circumstances take a period of years to occur.
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Figure 1.48

Residual footprints at turbine F4, Kentish Flats (Figure from EMU, 2005).

Figure 1.49
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Residual footprints at turbine F4, Kentish Flats (Figure from EMU, 2008).

Potential for the presence of turbines and associated offshore infrastructure to affect
the tidal regime.
Tidal flows
1.6.204 Hydrodynamic flow modelling using TELEMAC-2D was carried out in support of the
Environmental Impact Assessment for Project One within the Hornsea Zone (SMart
Wind, 2013). Details of the model calibration and validation are provided in Annex
5.1.1: Tidal Modelling Calibration and Validation.
1.6.205 As Subzone 2 shares a similar seabed area and baseline flow regime to Subzone 1
and the number and size of turbines is similar for Project One and Project Two (see
paragraph 1.6.191), the flow modelling work carried out for Project One is also
applicable to Project Two. The results of the modelling for Project One are
summarised in this section and have been interpreted to assess the likely effects of
Project Two on the tidal regime.
1.6.206 The tidal modelling for Project One simulated 332 turbines with a spacing of 924 m:
Project Two comprises 360 turbines with a minimum spacing of 932 m (810 m
spacing along the dense perimeter). The Project One modelling simulated conical
GBFs with a foundation diameter of 50 m (with scour protection extending an
additional 20 m from the foot of the gravity base – 90 m diameter in total): Project
Two comprises conical GBFs with a foundation diameter of 58 m (with scour
protection extending an additional 20 m from the foot of the gravity base – 98 m
diameter in total. The Project One modelling simulated five offshore HVAC collector
substations, two offshore HVDC converter stations (all within the area of Subzone 1),
two accommodation platforms and one offshore HVAC reactive compensation
substation, all with GBFs: Project Two comprises six substations and two
accommodation platforms (all within the area of Subzone 2).

1.6.209 There are two principal impacts with respect to the foundation structures: those of
flow separation, as illustrated in Figure 1.50; and enhanced seabed stresses. The
surface roughness of the cylinder will increase in the associated drag. Over time,
biofouling of the turbine support structure is likely to take place, leading to an
increase in the drag. This will alter scouring around the structure as well as impact
loadings due to hydrodynamic forcing.
1.6.210 Under steady currents, studies have indicated that the shear stresses in the
immediate vicinity of circular cylinders can be amplified. This amplification of mean
near-structure bed shear stresses reduces under combined wave-current flows. The
extent of this amplification is of the order of one foundation diameter (Dp) upstream of
the cylinder and 5 Dp downstream of the cylinder. However, in tidal conditions the
flow is reversing so this would imply an overall extent of around 5 Dp in both flow
directions from the foundation.
1.6.211 The layout simulated in the flow model was the most densely spaced of the options
being considered for Project One and, therefore, represented a worst case as it
creates the greatest blockage. Baseline tidal currents are shown on Figure 1.5.
Across the Hornsea Zone, modelled current speeds vary from approximately 0.6 ms-1
(at High Water) to 1 ms-1 (at Low Water) for peak mean spring tides. Figure 1.51 and
Figure 1.52 (reproduced from the Hornsea Project One Environmental Statement,
SMart Wind (2013)) show the predicted changes to current speeds resulting from the
operational presence of Project One, at high water and low water (respectively).
These figures clearly illustrate that the only changes in current speed occur within the
Subzone 1 itself and a narrow region just outside of the boundary (up to about 4 km),
and local to foundation structures. The predicted changes in current speeds vary from
+0.04 ms-1 to -0.1 ms-1.

1.6.207 The flow modelling for Project One simulated the largest number of turbines (332)
with the largest GBF size (90 m in total). In practice this layout is not a realistic
representation of the development as the largest turbine sizes would be associated
with a smaller overall number of turbines. The modelling scenario for Project One is,
therefore, highly conservative as a worst case.
1.6.208 The foundations will be exposed to both currents and waves. The 2D tidal current
modelling (see Annex 5.1.1: Tidal Calibration and Validation Report) provides an
approximation of the drag effect of the turbines and their associated foundation
structures. It does not represent the detailed turbulent flows associated with the
structural elements. In open coastal waters turbulence will exist regardless of the
presence of turbine structures; the structures will act to locally enhance these
ambient turbulent flows.

Figure 1.50
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Flow separation point on a circular cylinder in steady flow.

1.6.212 The general pattern of the tidal residual currents (a measure of the net drift of water
throughout the spring and neap tidal cycle) over Subzone 1 (Project One) and
Subzone 2 (Project Two) is from east to west (Figure 1.53). Addition of the turbine
foundations causes only very small changes in magnitude and direction to these
residual currents and the modelling completed for Project One suggested this would
be limited to the immediate vicinity of Subzone 1.
1.6.213 The flow modelling undertaken for Project One indicates that changes to tidal flows
resulting from the presence of turbines and associated infrastructure are very small
and limited to the immediate vicinity of Subzone 1. Given the similarities between
Project One and Two in terms of the tidal regime (water depth, flow speeds, etc.) and
the project scope (location, number, size and spacing of turbines), it is considered
that a similar magnitude of change to tidal flows will be observed (i.e., that changes to
current speeds resulting from the operational presence of Project Two will be limited
to within Subzone 2 and a narrow region just outside of the boundary (in the region of
4 km)).
Cable protection
1.6.214 Analysis of the seabed along the cable route (see Annex 5.1.5: Bedform Analysis
Along the Cable Route) reveals that significant mobile bedforms are locally present
within the cable route corridor in the form of megaripples, ripples and sandwaves
which are constantly changing in response to natural variability in waves and
currents. (Fugro, 2011a). The largest sandwaves are up to 5 m high with localised
gradients of 8 degrees. The presence of such seabed features suggests that artificial
seabed ridges, as could be introduced by cable protection, would be well within the
range of naturally occurring seabed features and so are not predicted to adversely
affect the hydrodynamic regime.
1.6.215 A separate assessment has been made of the potential for the use of cable
protection along the export cable in shallow water (<12 m) to affect beach
morphology, hydrodynamics and sediment transport (littoral drift), see paragraphs
1.6.259 to 1.6.270.

1.6.217 Changes to currents resulting from the offshore HVAC reactive compensation
substations can be inferred from the modelling undertaken of the Subzone 1 GBF
options, which will represent a worst case. Given the depth of water, the principal
changes in tidal flows will remain localised to the structures, although wake effects
may extend several km to the north and south of the structure under peak tidal flows.
The greatest changes will also be local to the foundation where the largest flow
accelerations will occur.
Water levels
1.6.218 Water levels are not expected to be affected by Project Two, apart from in the
immediate vicinity of each foundation where there will be a small local head
difference from upstream to downstream dependent on current velocity.
1.6.219 Considering effects relating to climate change, global MSL is projected to rise by 0.18
to 0.59 m during the 21st Century through thermal expansion of the oceans, as well
as further melting of glaciers and icecaps. The range of absolute sea level rise
around the UK (before land movements are included) is projected to be between 13
and 61 cm for the period 1990 to 2095. Changes in MSL over the design life of
Project Two are not expected to impact significantly on engineering design, and
Project Two will not impact on MSLs in the region, with only very localised changes in
water levels at the foundation structures predicted.
1.6.220 Future projected trends in storm surge height are small everywhere around the UK,
and in many places will be masked by natural variability. The surge level expected to
be exceeded on average once in 2, 10, 20 or 50 years is not projected to increase by
more than 0.09 m by 2100 anywhere around the UK coast. The frequency of
occurrence and size of extreme waves are generally expected to experience little
change in the North Sea UK Climate Projections 2009 (UKCP09).
1.6.221 The tidal regime is not in itself a receptor. Therefore, this section has described the
potential changes resulting from Project Two, but does not provide a significance
level. Impacts on receptors are described in other relevant chapters, as listed in
Table 1.26.

Offshore HVAC reactive compensation substations
1.6.216 The two offshore HVAC reactive compensation substations, as currently considered,
may be constructed using monopiles, jacket or GBFs. From a hydrodynamic view
point a GBF represents the greatest impact to both currents and waves.

1-84

Figure 1.51

Model output from Project One (SMW, 2013) showing changes in modelled current speed at low water due to turbines in Subzone 1. Presented to show magnitude of
changes predicted in Subzone 2.
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Figure 1.52

Change in modelled current speed at high water due to turbines in Subzone 1 (also showing location of Subzone 2).
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Figure 1.53

Residual current velocities over a spring neap cycle without turbines (vector arrows) in Subzone 1, and change in residual current velocity magnitude following inclusion
of turbines (colour shading). Also showing location of Subzone 2.
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Potential for the presence of turbines and associated offshore infrastructure to
affect the wave regime, with associated potential impacts along adjacent
shorelines.
1.6.222 Operational effects of Project Two on the wave regime could take the form of
alterations to near-field and/or far-field wave heights, periods or directions. To
investigate these issues, near-field and far-field modelling has been undertaken
using a suite of calibrated and validated wave models, supported where relevant
by desk-based approaches.
Modelling methodology
1.6.223 The near-field modelling involved application of the ARTEMIS wave model to
investigate wave transmission past turbines and associated infrastructure
foundations.

1.6.228 A number of return period scenarios were modelled to cover both highfrequency low-intensity events and low-frequency high-intensity events. The
results for all scenarios assessed are presented in Annex 5.1.2: Wave
Modelling, whereas in this section only a selection of the worst cases in terms of
spatial scale of effect are presented.
1.6.229 Winds blow from the north around to east relatively infrequently (about 20% of
the time) and it is from this direction range that Project Two has the potential to
exert an influence upon the near-shore wind-wave climate. Around 80% of the
time, the winds are directed away from, or parallel to, the coastline and as such
there will be no effects on the coastline.
1.6.230 The following six scenarios were modelled for five wind directions (north; north
northeast; northeast; east northeast; and east), totalling 30 scenarios:

1.6.224 The far-field modelling involved application of the SWAN model. The aim of the
model was to investigate whether any gross scheme-induced effects had the
potential to affect the regional wave regime.
1.6.225 By using these complementary approaches in combination, the full range of
potential effects of Project Two on the wave regime has been assessed. In both
the near-field and far-field cases, the models have been run to describe the
baseline wave regime under various representative wave conditions. The
models have then been re-run with a representation of Project Two included,
and the results compared to the baseline scenario to identify and quantify
changes to the wave regime attributed to the presence of Project Two. Further
details of the modelling techniques are provided in Annex 5.1.2: Wave
Modelling.
1.6.226 Layout 3 (see Figure 3.5 in Volume 1, Chapter 3: Project Description) was
considered to be the worst case scenario for effects on waves as it combined
the greatest number of turbines (360) and the minimum spacing between
turbines (810 m along the perimeter). Under this scenario, typically at least 3
wave crests fit between foundations for the longest period waves, and about 20
wave crests for the shorter period ones.
1.6.227 GBFs were chosen as the worst case scenario as they are the largest of the
foundation types being considered. Given the shape of the GBFs being
considered, and the two-dimensional nature of the wave modelling grid, there is
a requirement to determine a representative diameter for the structure in the
vertical plain in order to be able to represent the structures in the model. A
representative diameter was determined for a range of water depths and then
based on the range of water depths in Subzone 2 an appropriate average value
was applied. This representative value was calculated to be 18.3 m.



50% no exceedance (i.e., the significant wave height is not exceeded 50%
of the time);



10 in 1 year return period (i.e., the significant wave height occurs on
average 10 times in 1 year);



1 in 1 year return period;



1 in 10 year return period;



1 in 50 year return period; and



1 in 100 year return period.

Modelling results
1.6.231 The presence of Project Two causes a localised reduction in wave heights. The
greatest reduction in wave height will be immediately in the lee of individual
foundation structures but under high-frequency, low-intensity events the
modelling also indicated a reduction in wave height over a larger area in the lee
of the site.
1.6.232 The greatest effects on waves are observed during the 50% no exceedance
scenario, and as such these model results are displayed in this section for each
of the five wind directions tested, in Figure 1.54 to Figure 1.58. The figures show
the difference in significant wave height (Hs) between the baseline and the
development, presented in the form of relative percentage. Model outputs for all
the 30 test conditions are provided in Annex 5.1.2: Wave Modelling.
1.6.233 To set the context of the predicted changes, the baseline Hs for each of the five
wind directions is presented in Annex 5.1.2: Wave Modelling. In summary, the
baseline Hs within Subzone 2 varies between 0.8 m and 1.2 m depending on
prevailing wind direction. Significant wave height reduces with proximity to the
coast; in the nearshore area Hs of less than 0.6 m are observed.
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Figure 1.54

Percentage difference in significant wave height between baseline and Project Two operational phase, 50% no exceedance, wave direction north.
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Figure 1.55

Percentage difference in significant wave height between baseline and Project Two operational phase, 50% no exceedance, wave direction north northeast.
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Figure 1.56

Percentage difference in significant wave height between baseline and Project Two operational phase, 50% no exceedance, wave direction northeast.
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Figure 1.57

Percentage difference in significant wave height between baseline and Project Two operational phase, 50% no exceedance, wave direction east northeast.
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Figure 1.58

Percentage difference in significant wave height between baseline and Project Two operational phase, 50% no exceedance, wave direction east.
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1.6.234 Under the 50% no exceedance scenario, the wave energy recovery takes longer in
space, since the associated wind speeds are lower. Therefore, the energy
transmitted from the wind to the sea surface is also lower resulting in a slower
recovery in wave height past the last row of turbine structures.
Magnitude of impact
1.6.235 Under all wave conditions tested (magnitudes and directions), predicted changes to
wave heights due to the operational presence of Project Two do not extend to the
adjacent coastlines. The greatest effect on waves is observed when winds are
blowing from the north (Figure 1.54), and even under this scenario effects are limited
to the offshore area, approximately 10 km offshore of the shoreline (i.e., measureable
changes are not predicted along adjacent shorelines).
1.6.236 The offshore HVAC reactive compensation substations as currently considered may
be constructed using monopiles, jackets or GBFs. Wave scattering around the
structures will occur, and will be greatest for the GBF, but the effects will be spatially
limited due to the single foundation. As the offshore HVAC reactive compensation
substations are located in deep water offshore, they will not affect the wave climate at
the shoreline.
1.6.237 The magnitude is, therefore, considered to be no change.
Sensitivity of receptor
1.6.238 The shoreline is considered to be a sensitive receptor. There are a number of
nationally and internationally designated sites along the Lincolnshire and Norfolk
coastlines. There are three that are designated for coastal features:


Humber Estuary SAC;



The Wash and North Norfolk Coast SAC; and



Flamborough Head SAC.

1.6.239 Effects on the shoreline as a result of changes to the wave regime may alter the
morphology of the shoreline or interrupt baseline patterns of sediment transport or
littoral drift. As such, the shoreline is deemed to be of minor vulnerability with
moderate to high levels of recoverability. The sensitivity of the receptor is, therefore,
considered to be medium.
Significance of effect
1.6.240 As the effects of Project Two on the wave climate are considered to be of negligible
magnitude, the effects on the shoreline will, therefore, be of negligible significance,
which is not significant in EIA terms.

Potential for the presence of turbines and associated offshore infrastructure to affect
the wave regime, with associated potential impacts on offshore sandbanks.
1.6.241 The results of the wave modelling (presented in paragraphs 1.6.207 to 1.6.218, in
Figure 1.54 to Figure 1.58 and in more detail in Annex 5.1.2: Wave Modelling) predict
a general reduction in wave height in the region of the north Norfolk sandbanks when
waves are coming from the north, north northeast and northeast, which is about 13%
of the time, under the 50% no exceedance scenario.
1.6.242 Reductions in wave heights of between 2.5% to 10% are observed outside of
Subzone 2 during these wave conditions, which have the potential to reduce the
wave-induced sediment transport potential. This may lead to a small growth in top of
bank levels under these conditions for some of the shallower banks within the Norfolk
offshore sandbank system due to the operational presence of Project Two.
1.6.243 However, under more severe storm conditions (e.g., 1 in 10 year return period) the
wave modelling indicates that the wave climate remains largely unaffected by
structure-induced wave scattering - see Annex 5.1.2: Wave Modelling. It will be these
events that most influence offshore sandbank behaviour and stability as they have a
greater spatial influence given the wave height to water depth effects, therefore any
small changes in top of bank levels under high-frequency low-intensity wave events
(i.e., 50% no exceedance) will be masked by the larger storm events.
1.6.244 Further, under calm conditions sediment transport is mainly tidally controlled. In the
swales, the strong currents during the tidal cycle have high sediment transport
potential, whilst on top of the bank the currents are normally weaker, giving lower
sediment transport potential. This results in the growth of the sandbank.
1.6.245 In summary, the wave events that are likely to cause the greatest effects on offshore
sandbanks occur during low-frequency high-intensity storm conditions (e.g. 1 in 10
year return period). The operational presence of Project Two is not predicted to have
an effect on waves during storm conditions, so whilst there is potential for some
reductions in wave heights under calm conditions (high-frequency low-intensity wave
events; 50% no exceedance), the key wave events that control sandbanks are not
changed. Therefore, no significant changes are predicted to offshore sandbanks
within the vicinity of Project Two.
Magnitude of impact
1.6.246 As minimal changes are anticipated to high energy wave conditions (i.e., those that
exert the greatest influence on offshore sandbanks), the magnitude of changes in the
long-term response of offshore banks from the presence of Project Two is considered
to be negligible.
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Sensitivity of receptor

latter two foundation options the approach should be considered an approximation
based on available information, as these foundation designs represent complex
structures and design methods are less well defined than for monopiles.

1.6.247 Offshore sandbanks are sensitive to changes in marine processes: changes to the
wave regime could alter the structure and function of sandbanks. Due to their
dynamic nature they are deemed to be of minor vulnerability with moderate to high
levels of recoverability.
1.6.248 There is an offshore designated site that could be potentially affected by changes to
waves: the North Norfolk Sandbanks and Saturn Reef cSAC.
1.6.249 The sensitivity of the receptor is, therefore, considered to be medium.

Monopile foundations
1.6.255 The assessment for monopile foundations has been undertaken for both a noncohesive granular soil and a cohesive soil. From the scour assessment and assuming
a non-cohesive granular soil substrate (which is the material type subject to the
greatest levels of scour, and is used here as a comparative value) the following
conclusions can be drawn:

Significance of effect



1.6.250 As the effects of Project Two on the offshore wave climate are considered to be of
negligible magnitude, the effects on the shoreline will be of negligible significance,
which is not significant in EIA terms.

Using the Richardson and Davis (2001) approach the predicted scour depth will
vary between 7.7 m and 8.3 m for a 7.3 m diameter monopile and 9.5 m to 10.1
m for a 10 m diameter monopile;



Under wave only conditions the scour development is predicted to be negligible;

Potential for the presence of turbine foundations to result in scour of seabed sediments.



1.6.251 Placing a structure in the marine environment will lead to changes in the flow patterns
in its immediate vicinity: the flow will bifurcate around the structure, accelerating as it
does so. Changes in near-field flow regimes can lead to a locally increased tendency
for the seabed to scour.

Under combined wave current conditions the scour development for a 7.3 m
diameter monopile is predicted to be between 2.5 m and 3.3 m. For a 10 m
diameter monopile the predicted maximum scour depth is between 1.8 m and
3.0 m; and



Estimates of scour extent suggest that for a 10 m diameter monopile the total
scour extents range from between around 20 m to 214 m, depending on the
angle of repose of the sediment. The coalescence of individual scour holes is
not considered to be an issue given the proposed separation distance between
foundation structures.

1.6.252 In areas with unlimited depths of mobile sand, scour can extend over an area several
times the footprint of the structure, potentially causing structural instability and loss of
habitat. In these cases scour protection may be required. Subzone 2 is located in an
area of mainly granular soils with variable thickness overlying stiff clay. Some scour
and sediment redistribution may occur if detailed and site-specific geotechnical
investigations show that the infill deposits are likely to be affected by enhanced shear
stresses in the immediate area of the foundations. However, based on available
information it is considered that scour will be confined to the overlying veneer and will
be limited by the clay substrata. The potential for scour should be revisited during the
engineering design process when detailed geotechnical information may be available.
If scour protection is required then rock placement or concrete scour mattresses will
be the likely methods; frond mats are generally unsuitable for sites with minimal
mobile bed material.

1.6.256 The predicted scour potential based on the assumption that the seabed can be
described by non-cohesive soil should be viewed as the worst-case scenario and,
therefore, represents an upper band of scour potential. Where the seabed consists
primarily of a veneer of granular material overlying a clay substrate the uniform
granular soil predictions may be considered to be a conservative estimate. How
conservative an estimate will be dependent on the thickness of both the veneer and
the underlying clay substrate as well as the strength of the clay material. Therefore,
from the scour assessment assuming a clay soil sublayer the following conclusions
can be drawn:

1.6.253 A first-order estimate has been performed of the scour potential due to the presence
of the turbine foundation structures in Subzone 2. The calculations are based on
empirical relationships and have been undertaken for the range of foundation design
options (see Annex 5.1.8: Foundation Scour Assessment for full details).



1.6.254 The foundation scour assessment has looked at three different design options:
monopile; jacket; and GBFs, and initially has assumed that no scour protection will be
provided in order that the realistic worst case scenario may be assessed. It should be
noted that in practice scour protection is an integral part of the project design. For the
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The results obtained from applying the Erodibility Index method show that
scouring will occur within the overlying soil veneer, but the stiff clay will resist
scour development. The scour development is shown to be limited to a depth of
around 1.5 m. However, if the surficial granular veneer is thicker, then the scour
depth will increase.

Gravity base foundations
1.6.257 For the GBF option, present theoretical methods are limited and little information is
available for scour around gravity base structures at field scale. The GBF options
have been assessed using the approach proposed by Khalfin (1983) – see Annex
5.1.8: Foundation Scour Assessment for further details. From the assessment carried
out:










From the analysis, the maximum predicted scour depth under currents alone for
the 30 m diameter GBF is between 0.4 m to 1.9 m. For the 58 m GBF design the
maximum predicted scour depth is 1.2 m to 2.9 m;

Jacket Foundations
1.6.258 For the jacket structures scour development will be related to both the vertical
structural members and additional elements such as J-tubes or I-tubes, as well as the
horizontal structural members. There is currently no single method for assessing
scouring around structures of this type. Therefore, to enable an assessment of the
scour potential of the jacket structures to be undertaken it has been assumed that the
structure can be modelled as individual elements and group effects included within
this analysis. From the analysis undertaken for non-cohesive soil, the key results are:

A tentative assessment of scour due to waves has been conducted also. The
approach predicts scour depths of between 1.7 m and 3.5 m for the 30 m
diameter GBF under waves, whilst giving 5.4 m to 9.2 m scour for the 58 m
diameter structure. However, it should be noted that the approach is outside its
given application range and also even if the approach was valid the results are
accurate to +30% (i.e., the method may over predict);
It should be noted that the use of conical shaped gravity base foundations may
result in increased wave – structure interaction including wave breaking.
Physical modelling tests conducted at HR Wallingford in 2003 (see Whitehouse,
2004) indicated that scour may form faster around conical type GBFs;
If it is assumed that the scour hole extents are based on the angle of repose of
the sediment as for monopile foundations, then for the 30 m diameter GBF the
total scour hole extents are estimated to range between 38 m to 101 m. For the
58 m diameter GBF the total scour hole extents are estimated to range between
58 m to 240 m. However, it is expected that scour countermeasures will be
deployed with any gravity base foundation solution and thus these scour extents
should not be realised; and
Scour in a veneer of granular soil overlying clay needs to be evaluated on a
case-by-case basis to identify the risk. Based on the Erodibility index approach
used in the analysis of the monopile foundation options, scour will be limited by
the clay sublayer. In addition, within the design basis it is assumed that seabed
preparation will be carried out; therefore, the gravity base structures are likely to
be founded within the clay sublayer.



Scouring will occur around the jacket structures. Scouring around the jacket legs
under currents will be of the order of 2.4 m to 4.1 m in depth, whilst no scouring
is predicted for the cross-bracing;



Although scouring is generally dominated by the tidal currents at the wind farm
site, for the jacket foundations the scour development due to waves is of a
similar order of magnitude to that generated by the currents. In addition, scour
development to equilibrium conditions under waves can occur rapidly, in a
matter of minutes (this is based upon the empirical formulae of Sumer and
Fredsøe, 2002 derived from small scale physical model tests); and



Global scour associated with the jacket structure as a whole could be of the
order of 0.3 m – 3.9 m and could extend to 1.5 to 2 times the total jacket plan
footprint.

1.6.259 As for the monopile foundation options, scouring in a non-cohesive granular soil is
the worst case scenario and in the present case is considered to be overly
conservative. Therefore:


Using the Erodibility Index approach, the results indicate that scouring will occur
within the overlying soil veneer, but the clay sublayer will resist scour
development.

Offshore HVAC reactive compensation substations
1.6.260 The two offshore HVAC reactive compensation substations may be constructed using
monopiles, jacket or GBF. From a hydrodynamic view point a GBF represents the
greatest impact to both currents and waves. However, in terms of local scouring the
greatest scour depth may be associated with monopile structures (see Annex 5.1.8:
Foundation Scour Assessment for further details). An assessment has been carried
out for one of the offshore HVAC reactive compensation substations and the results
are applicable at both locations.
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1.6.261 Depending on the geotechnical properties of the soil at the offshore HVAC reactive
compensation substation location, scouring may be limited by the soil conditions.
From the modelling undertaken the total water depth at the offshore HVAC reactive
compensation substation site assessed is about 23 m below MSL and peak spring
tidal current speeds are around 1.3 ms-1, therefore, it may be expected that the scour
potential may increase relative to those predicted across Subzone 2.
1.6.262 From an assessment of scour potential, assuming a 0.17 mm granular sediment
'(based on a conservative lower value of the sediment data collected as part of the
study (EMU, 2011a)) with no variation in soil properties with depth into the seabed,
the scour depth around an 8.5 m diameter monopile using the predicted currents at
the offshore HVAC reactive compensation substation locations is estimated as 9.3 m.
In the design basis two monopiles will be used, therefore, without scour protection,
the scour holes will coalesce based on these assumed conditions. For the maximum
gravity base option (58 m diameter), the predicted scour will be of the order of 3.9 m,
although it should be noted that scour protection will be placed for the GBF option
and this will mitigate scouring. It should be noted that the use of conical shaped
GBFs may result in increased wave–structure interaction including wave breaking.
Physical modelling tests conducted at HR Wallingford in 2003 (see Whitehouse,
2004) indicated that scour may form faster around conical type GBFs.
1.6.263 For the largest jacket option being considered for the offshore HVAC reactive
compensation substations, the scour depth at the piles is estimated at 4.7 m. There
will also be scouring associated with the cross-members and at the cable entry and
exit locations. It is probable that scour protection measures will be required at the
cable entry and exit locations.

Potential for the use of cable protection along the inter-array, platform interconnector,
accommodation platform and export cables in deep water (>12 m) to affect sediment
transport and sediment transport pathways.
1.6.266 It is proposed to bury the inter-array, platform interconnector, accommodation
platform and export cables, and standard best practice will be followed to ensure that
cables are buried to an optimum depth so that they will not become exposed. For
ecological, financial and safety reasons, it is in the project’s interest to ensure that
cables remain buried for the lifetime of the project, wherever possible. These factors
have informed the considerations with respect to the target burial depths detailed in
Table 1.16. Therefore, the proposed cable burial depth is considered to be sufficient
for the lifetime of the project, based upon the available evidence with respect to
conditions within Subzone 2 and along the cable route corridor. The likelihood of the
cables becoming exposed during the project lifetime, to an extent that would
necessitate cable protection measures, is low.
1.6.267 In the event that in some areas limited amounts of cable lengths cannot be buried,
the EIA has assessed (based on set of precaution assumptions) the impact
associated with the presence of cable protection measures. A realistic worst case
scenario is that cable protection will be required for up to 25% of the offshore export
cable route length, and 26% of Subzone 2 cables (inter-array, platform interconnector
and accommodation platform cables). The exact form of cable protection to be used
will depend upon local ground conditions, hydrodynamic processes and the selected
cable protection contractor. However, the final choice will include one or more of the
following:

1.6.264 Further details of each of the foundations options considered, and the results of the
scour assessments, are presented in Annex 5.1.8: Foundation Scour Assessment.
1.6.265 Scouring of seabed sediments is not considered a receptor. Therefore, this section
has described the potential changes due to Project Two, but does not provide a
significance level.



Gravel;



Artificial fronds or seaweed;



Concrete 'mattresses';



Rock placement;



Bags filled with gravel;



Grout or other concrete;



Polyethylene or steel pipe, half shells, or sheathes; and



Bags of grout, concrete, or another substance that cures hard over time.

1.6.268 Specific details for the location of cable protection have not been included in the
Project Description (Volume 1, Chapter 3) as it is not possible to identify these details
at this stage of the project development.
1.6.269 Of the cable protection measures proposed, rock placement generally has the largest
profile and as such is considered to be the worst case for effects on sediment
transport. If cable protection is required within the Humber Estuary SAC, frond
mattressing will be used exclusively. No cable protection is expected to be required
or used in the intertidal area at the cable landfall.
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1.6.270 If rock placement, or bags of gravel or grout are used to protect cables, they are
typically used to construct a berm on the seabed on top of the cable as shown in
Figure 3.11 of Volume 1, Chapter 3: Project Description for a typical cross section of
cable protection). Such berms would be up to 7 m wide and contain approximately 4
m3 of rock or gravel, weighing approximately 17 tonnes, per metre of cable requiring
protection. These relatively low, narrow profiles are not sufficient to influence wave
transformation significantly in deeper water (> 12 m). The extent of the cable
protection measures does not constitute a continuous blockage along the cable route
corridor. It is not possible to specify at this stage where, if anywhere, along the
offshore cable route corridor cable protection will be required. However if it is
required, it is likely to be in response to changes to the geomorphology at particular
locations, which suggests that the areas requiring protection may be similar for all
eight cables.
1.6.271 Offshore, sediment movement is dominated by tidal currents. Analysis of the seabed
along the cable route corridor (see Annex 5.1.5: Bedform Analysis Along the Cable
Route) revealed that mobile bedforms are locally present within the cable route
corridor in the form of megaripples, ripples and sandwaves which are constantly
changing in response to natural variability in waves and currents. The presence of
such seabed features suggests that artificial seabed ridges at the scale of those that
would be introduced by cable protection would not be detrimental to sediment
transport. The bedforms are indicative of a mobile seabed and do not suggest that
there is a sediment shortage, or that existing bedform features are acting as barriers
to sediment transport.
1.6.272 There may be localised and short term changes in sediment movement as a result of
the cable protection measures, but in the longer term sediments will build up in the
vicinity of the cable protection, until the local bathymetry reaches a level at which
sediments can pass over the cable protection measures without interruption. It is not
possible to specify the timeframe for the sediment transport regime to reach an
equilibrium, as it is dependent on the sediment availability and the layout of the cable
protection which will be determined following detailed survey and cable burial risk
assessment.
1.6.273 Sediment transport is not considered a receptor. Therefore, this section has
described the potential changes due to Project Two, but does not provide a
significance level.
Potential for the use of cable protection along the export cable in shallow water (<12 m)
to affect beach morphology, hydrodynamics and sediment transport (littoral drift).
1.6.274 As described in paragraph 1.6.251, it is proposed to bury the export cables in shallow
water, and standard best practice will be followed to ensure that cables are buried to
an optimum depth so that they will not become exposed.
1.6.275 In the event that cable protection is required, the following approach will be adopted
within shallow water (<12 m):



If cable protection is required within the Humber Estuary SAC, which extends
out to water depths of approximately 7 m below Chart Datum, frond mattressing
will be used exclusively. No cable protection is expected to be required or used
in the intertidal area at the cable landfall.



If cable protection is required in shallow water outside of the SAC boundary (i.e.
between approximately 7 m and 12 m water depth at Chart Datum), the choice
of cable protection will include one or more those listed in paragraph 1.6.252. As
described in paragraph 1.6.254 and 1.6.255, rock placement is considered to be
the worst case for effects on sediment transport.

1.6.276 The assessment of effects presented for deep water (paragraphs 1.6.256 to 1.6.257)
is applicable to the shallow water area outside the SAC and as such the effects on
the hydrodynamic and sediment transport regimes as a result of cable protection in
this area are not considered to be significant.
1.6.277 Artificial fronds are usually attached to the top side of a weighted mattress that is laid
over and/or around the cable. The fronds are designed to reduce current velocity in
the vicinity of the cable, trapping passing silt and sands and encouraging a gradual
build-up of sediment that acts as a ‘soft’ form of cable protection. In high-energy
situations such as storms, deposited sediments could be stripped out of the fronds
(BERR, 2008). During the detailed design stage of Project Two, careful consideration
will be given to the suitability of the use of artificial fronds or seaweed within the SAC.
1.6.278 As artificial fronds are classed as a ‘soft’ engineering solution to cable protection,
they are unlikely to result in localised edge scour that can be observed with harder
engineering solutions (Seabed Scour Control Systems).
1.6.279 At the Arklow Bank offshore wind farm in Ireland, frond mats were installed in 2008
around the 6.3 m diameter T5 turbine Pile Foundation and along two associated
power cables to rectify scour and provide permanent protection following the failure of
rock armour (Seabed Scour Control Systems). The frond mats were installed
between and around the larger remaining rocks to rectify scour, reinstate the seabed
soils and provide long term protection. Still photography taken post installation
(October 2008) revealed that the frond mats were working effectively, accumulating
sediment and providing a stable protective bank.
1.6.280 It is assumed that the use of artificial fronds or seaweed will behave in a similar
manner to the two case studies presented above (i.e., they will trap sediment to
provide an effective form of cable protection).
1.6.281 Artificial fronds or seaweed are expected to encourage sediment to settle at levels up
to 0.5 m (depending on the detailed design), which, due to the very localised nature,
is not expected to interrupt the hydrodynamic or sediment transport regime,
regardless of the exact location of any required cable protection measures within the
SAC.
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Magnitude of impact
1.6.282 Rock placement outside the SAC will not constitute a continuous blockage along the
shallow water section of the cable route corridor. Artificial fronds or seaweed are
expected to encourage sediment to settle at levels up to 0.5 m (depending on the
detailed design), which is not expected to interrupt the hydrodynamic or sediment
transport regime due to the very localised nature. The magnitude of the impact is
considered to be negligible.
Sensitivity of receptor
1.6.283 The shoreline is considered to be a sensitive receptor. Effects to the shoreline as a
result of changes to the hydrodynamic, wave or sediment regime may alter the
morphology of the shoreline or interrupt baseline patterns of sediment transport or
littoral drift.
1.6.284 The shoreline is deemed to be of minor vulnerability with moderate to high levels of
recoverability. The sensitivity of the receptor is therefore, considered to be medium.

1.6.288 Based on the findings of the landfall assessment (Annex 5.1.7: Landfall Assessment),
it is recommended that the export cables are buried a maximum of 2 m below
minimum recorded beach/bed levels (as summarised in Table 1.21) to allow for
seasonal variations in levels, migration of the drainage channels and beach draw
down during storms. This is a conservative approach that will account for any
changes to the intertidal area due to climate change/sea level rise.
1.6.289 It should be noted that the greatest variability occurs between MSL and LAT, so it
may be possible to reduce the burial depth of the cable above MSL and below LAT. It
is expected that a detailed engineering assessment of cable burial depth will be
undertaken to provide further confidence on the minimum burial depth to avoid
exposure.
Magnitude of impact
1.6.290 As best practice will be followed to ensure that the cables do not become exposed,
there are no long-term changes predicted to hydrodynamics or beach morphology.
The magnitude is therefore considered to be negligible.

Significance of effect
Table 1.21

Minimum and maximum beach/seabed levels (m OD) at specified
chainages along profiles L1C4, L1C5 and L1C6.

1.6.285 As the effects of the cable protection along the export cable in shallow water are
considered to be of negligible magnitude, and the sensitivity of the receptor is
medium, the effects on the shoreline will be of negligible significance, which is not
significant in EIA terms.

Chainage

Potential for the export cable at the landfall to affect beach morphology, hydrodynamics
and sediment transport (littoral drift).

Minimum

2.29

1.84

-1.58

-5.70

2.29

1.84

Maximum

2.40

2.16

-0.35

-5.41

2.40

2.16

Minimum

2.34

1.58

-0.34

-1.81

-6.77

-8.71

Maximum

2.50

1.79

2.09

-0.18

-6.34

-8.08

Minimum

2.00

1.28

0.32

1.20

-1.98

-6.59

Maximum

2.30

1.42

0.84

1.76

-1.19

-5.81

1,000 m

1,500 m

2,000 m

2,500 m

3,000 m

L1C4

1.6.286 It is proposed to bury the export cable at the landfall, and standard best practice will
be followed to ensure that cables are buried to an optimum depth so that they will not
become exposed. Cable burial depth will be determined closer to the construction
period and will be based upon the aiming of ensuring that the cables will remain
buried. The target burial depth of 2 m below long term, stable beach/sea bed levels
would achieve this to allow for seasonal variations in levels, migration of drainage
channels and beach draw down during storms.
1.6.287 Analysis of Environment Agency beach profile data and site-specific surveys has
been carried out, and is presented in Annex 5.1.7: Landfall Assessment. As
summarised in Table 1.21, at the landfall site, generally bed level variations of around
0.5 m occur above MSL. Between MSL and lowest astronomical tide (LAT) variations
of up to around 3 m have been observed; these large variations in elevations can
probably be attributed in part to the migration of the drainage gullies and other
features on the foreshore. Below LAT variations of up to 1 m have been observed.

500 m

L1C5

L1C6

Sensitivity of receptor
1.6.291 The shoreline is considered to be a sensitive receptor. Effects to the shoreline as a
result of changes to the hydrodynamic, wave or sediment regime may alter the
morphology of the shoreline or interrupt baseline patterns of sediment transport or
littoral drift.
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1.6.292 The shoreline is deemed to be of minor vulnerability with moderate to high levels of
recoverability. The sensitivity of the receptor is therefore, considered to be medium.
Significance of effect
1.6.293 As the effects of the installation of the cable route at the landfall are considered to be
of negligible magnitude, the effects on the shoreline will be of negligible significance,
which is not significant in EIA terms.
Potential for jack-up barges used during operation and maintenance activities to affect
the sediment regime.
1.6.294 Jack-up barges will be used during the operation and maintenance of Project Two, for
a maximum of 360 turbines, six offshore HVAC collector substations, two offshore
HVAC reactive compensation stations and two accommodation platforms. There will
be up to three jack-up operations per turbine. Each jack-up barge will have six spud
cans per barge, a total spud can area of 420 m2 total per jack-up barge.
1.6.295 This effect has been assessed for the construction phase in paragraphs 1.6.181 to
1.6.186. This assessment highlighted the potential for depressions or footprints in the
seabed to persist after jack-up operations have been completed.
1.6.296 Evidence from other sites has demonstrated that these depressions are likely to infill
over time, at a rate dependant on the specific sediment availability and transport at a
given turbine location. Depressions or footprints would also be likely to persist
following jack up operations during the operational phase of the project, although
these would be likely to infill over time. The evidence presented suggests this infilling
may occur over a number of years.
1.6.297 It is not expected that footprints from jack-up barges will have implications for
sediment transport across the site; they are merely depressions that will infill over
time. The ecological implications of such footprints are discussed in Chapter 2:
Benthic Intertidal and Sub tidal Ecology.
1.6.298 The sediment regime is not considered a receptor. Therefore, this section has
described the potential changes due to Project Two, but does not provide a
significance level. Impacts on receptors are described in other relevant chapters, as
listed in Table 1.26.
Decommissioning phase
1.6.299 The impacts of the decommissioning of Project Two have been assessed on marine
processes in the offshore study area. The environmental effects arising from the
decommissioning of Project Two are listed in Table 1.16 along with the Design
Envelope parameters against which each decommissioning phase impact has been
assessed.

1.6.300 A description of the effects upon marine processes receptors caused by each
identified impact is given below. An assessment of significance is only provided for
physical impacts on the shoreline and offshore sandbanks, for the reasons explained
in paragraphs 1.6.3 to 1.6.5.
Cutting off jacket foundations below the seabed surface has the potential to increase
SSC within the water column and deposit material on the seabed.
1.6.301 Piled foundations of turbines would likely be cut approximately 2 m below the seabed,
with due consideration made of likely changes in seabed level, and removed. This
could be achieved by inserting pile cutting devices. Once the piles are cut, the
foundations could be lifted and removed from the site. At this time it is not thought to
be reasonably practicable to remove entire piles from the seabed, but endeavours will
be made to ensure that the sections of pile that remain in the seabed are fully buried.
Any scour protection will be left in situ.
1.6.302 Localised disturbance of the seabed will occur during pile cutting activities, resulting
in temporary increases in SSC and deposition of fine material on the seabed. Jacket
foundations will produce the greatest number of piles (up to 4 piles per 5MW turbine)
so this is considered to be the worst case for sediment disturbance during the cutting
off of piles.
1.6.303 The effects of decommissioning activities are expected to be lesser than the effects
of construction.
1.6.304 Increases in SSC and deposition on the seabed are not considered as receptors,
therefore this section has described the potential physical changes due to Project
Two, but does not provide a significance level. Further information is provided in the
corresponding construction phase (see paragraphs 1.6.14 to 1.6.36).
Potential for removal of GBFs to increase SSC within the water column and deposit
material on the seabed.
1.6.305 It is anticipated that GBFs will be removed by removing their ballast and either
floating them (for self-floating designs) or lifting them off the seabed. Any scour
protection will be left in situ. This operation will result in some localised disturbance
around each GBF.
1.6.306 The effects of decommissioning activities are expected to be lesser than the effects
of construction.
1.6.307 Increases in SSC and deposition on the seabed are not considered as receptors,
therefore this section has described the potential physical changes due to Project
Two, but does not provide a significance level. Further information is provided in the
corresponding construction phase (see paragraphs 1.6.49 to 1.6.69).
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Removal of export, inter-array, platform interconnector or accommodation platform
cables has the potential to increase SSC within the water column and deposit material
on the seabed.
1.6.308 Currently there is no statutory requirement for removal of decommissioned cables
and removing buried cables is difficult. Although it is expected that most inter-array,
platform interconnector, accommodation platform, and export cables will be left in
situ, for the purposes of the EIA it has been assumed that all cables will be removed
during decommissioning.

1.6.316 Cable protection along the export and inter-array cable routes may affect beach
morphology, hydrodynamics and sediment transport. These impacts have been
assessed in the corresponding construction phase (see paragraph 1.6.251 onwards
for impacts in deep water; and paragraph 1.6.259 onwards for impacts in shallow
water). The impacts of decommissioning activities are expected to be the same as
the effects of construction. The significance of effect is negligible, which is not
significant in EIA terms.

1.6.309 The removal of buried cables is not an operation for which there is much precedent.
Therefore, at this time, it is difficult foresee what techniques will be used. However, it
is likely that equipment similar to that which is used to install the cables could be
used to reverse the burial process and expose them. Therefore, the area of seabed
impacted during the removal of the cables could be the same as the area impacted
during the installation of the cables. Divers and/or ROVs may be used to support the
cable removal vessels.

1.7

1.7.1

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.

1.6.310 Removal of cables will result in localised disturbance of the seabed, causing
temporary increases in SSC and deposition of fine material. The effects of
decommissioning activities are expected to be lesser than the effects of construction.

1.7.2

The projects and plans selected as relevant to this assessment are based upon the
results of an initial screening exercise undertaken as part of the ‘CIA long list’ of
projects (see Volume 4, 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, effectreceptor 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 below. Further detail of the
approach to screening and CIA is provided in Volume 1, Chapter 5: Environmental
Impact Assessment Methodology.

1.7.3

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 with Project Two. For example, relevant projects/plans that are
already under construction are likely to contribute to cumulative impact 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 cumulative impact assessment to present
several future development scenarios, each with a differing potential for being
ultimately built out. Therefore, appropriate weight may 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

Cumulative assessment methodology

1.6.311 Increases in SSC and deposition on the seabed are not considered as receptors,
therefore this section has described the potential physical changes due to Project
Two, but does not provide a significance level. Further information is provided in the
corresponding construction phase (see paragraphs 1.6.130 to 1.6.153).
Removal of the export cable at the landfall has the potential to affect beach morphology,
hydrodynamics and sediment transport (littoral drift).
1.6.312 To minimise disturbance the preferred option is to leave cables buried in place in the
ground with the cable ends cut, sealed and securely buried as a precautionary
measure. Alternatively, partial removal of the cable may be achieved by pulling the
cables back out of the ducts. The ducts will then be filled following the removal of the
cable.

Cumulative Impact Assessment

1.6.313 This method will result in minimal disturbance of the intertidal area, and as such the
effects of decommissioning activities are expected to be lesser than the effects of
construction.
1.6.314 The effects of decommissioning activities are expected to be the same as the effects
of construction (see paragraphs 1.6.155 to 1.6.180).
Physical presence of cable and scour protection has the potential to affect beach
morphology, hydrodynamics and sediment transport (littoral drift).
1.6.315 Any cable and scour protection installed will be left in situ.
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can be placed on the Tier 1 assessment relative to Tier 2). An explanation of each
tier is included below:

1.7.4



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; 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).

-

The cumulative impact parameters for the cumulative assessment (Table 1.23)
presented and assessed in this section have been selected from the details provided
in the project description (Volume 1, Chapter 3: Project Description) in order to inform
a ‘worst case scenario’. Effects of greater adverse significance 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) to that assessed here, be taken forward in the final design scheme.

The specific projects scoped into this cumulative impact assessment, and the Tiers
into which they have been allocated, are presented in Table 1.22 below. The projects
included as operational in this assessment have been commissioned since the
baseline studies for this project were undertaken and as such were excluded from the
baseline assessment. All the projects scoped into the cumulative impact assessment
for marine processes fall within the Tier 1 category.

Table 1.22

Tier

1.7.5

Spatial and temporal project overlap defining the scope of the cumulative impact assessment.

Phase

-

Project/Plan

Project Two Offshore Wind
Farm

Distance from
Subzone Two
(km)

Distance from
Project Two
cable route
corridor (km)

Details

Dates of offshore
construction
(if applicable)

Overlap of
construction
phase with
Project Two
construction
N/A

Overlap of
operation
phase with
Project Two
operation

N/A

N/A

120 to 360 turbines

2017 to 2023

N/A

Lincs Offshore Wind Farm

90.7

27.4

75 turbines constructed
(consent for up to 83)

Operational since
August 2013

X

Sheringham Shoal Offshore
Wind Farm

77.6

47.6

88 turbines constructed (up to
108 turbines consented )

Operational since
April 2013

X

Humber Gateway Offshore Wind
Farm

75.9

7.9

83 turbines

Offshore construction
2012 - 2015

X

Westermost Rough Offshore
Wind Farm

81.6

26.1

35 turbines

2014 - 2015

X

Tier
1

Under
Operationa
construction

Offshore wind farms
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Consented

Phase

Project/Plan

Distance from
Project Two
cable route
corridor (km)

Details

Overlap of
construction
phase with
Project Two
construction

Dates of offshore
construction
(if applicable)

Overlap of
operation
phase with
Project Two
operation

Triton Knoll Offshore Wind Farm

49.3

2.1

Up to 288 turbines

2017 - 2021

X

X

Dudgeon Offshore Wind Farm

58.3

41.2

Up to 168 turbines consented

2015 - 2017

X

X

Race Bank Offshore Wind Farm

69.4

22.0

Up to 206 turbines consented

2015 - 2017

X

X

Hornsea Project One

0.0

0.0

Up to 240 turbines consented

2015 - 2019

X

X

X

X

Operational (with on-going effects)

Aggregate extraction

Application

Tier

Distance from
Subzone Two
(km)

Operational until end
2014.
Aggregate area 106/3

75.4

8.2

35.36 km2

Application for
extension of
operation up to 31
Dec 2029.

Aggregate area 480

69.8

8.6

9.84 km2

Operational until end
2023.

X

X

Operational until end
2014.
Application for
extension of
operation up to 30
December 2031.

X

X

Application for
operation sought up
to 31 Dec 2029.

X

X

Application for
operation sought up
to 31 Dec 2029.

X

X

2

Aggregate area 197

78.8

5.9

10.50 km
Application for extension
combined with Area 493

Aggregate area 106/1

72.9

6.2

3.94 km2

2

Aggregate area 106/2

70.8

8.8

3.20 km

Aggregate area 514/1 (was 448)

77.1

5.5

16.72 km2

Application for
operation up to 31
Dec 2029.

X

X

X

X

X

X

Aggregate area 514/2 (was 102)

72.7

10.8

9.50 km2

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

Aggregate area 514/3

71.2

12.7

4.18 km2

Application for
operation sought up
to 31 December
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Tier

Phase

Project/Plan

Distance from
Subzone Two
(km)

Distance from
Project Two
cable route
corridor (km)

Details

Overlap of
construction
phase with
Project Two
construction

Dates of offshore
construction
(if applicable)

Overlap of
operation
phase with
Project Two
operation

2029.

Aggregate area 514/4 (was 105)

60.0

7.2

22.02 km2

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

X

X

X

X

Aggregate area 493

80.7

4.5

12.21 km2

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

Aggregate area 506

15.7

14.2

51.18 km2

Application for
operation sought up
to 31 Dec 2031.

X

X

2.1

Export cable infrastructure
associated with Triton Knoll
offshore wind farm

2017 to 2021

X

X

Tier
2

Preliminary
Environmental
Information

Offshore wind farms

Triton Knoll Electrical System

49.3
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Table 1.23

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

Direct / Indirect

Maximum adverse scenario

Justification

Direct

Maximum adverse scenario as described for construction phase of Project
Two (for both foundation and cable installation) assessed cumulatively with
the following proposed Tier 1 licensed /consented/ aggregate extraction
areas within one tidal excursion:
- Aggregate areas 106/1, 106/2 and 106/3
- Aggregate area 197
- Aggregate area 480
- Aggregate areas 514/1, 514/2, 514/3 and 514/4
- Aggregate area 493
- Aggregate area 506

Maximum potential for interaction of
increased suspended sediment
concentrations within one tidal
excursion as this includes the
maximum area of potential overlap for
suspended sediments.

Direct

Maximum adverse scenario as described for construction phase of Project
Two (for both foundation and cable installation) assessed cumulatively with
the following offshore wind projects under construction at the same time as
Project Two:
- Hornsea Project One; and
- Triton Knoll and Triton Knoll offshore export cable.

Maximum potential for interaction of
increased suspended sediment
concentrations within one tidal
excursion as this includes the
maximum area of potential overlap for
suspended sediments.

Direct

Dredging and disposal to clear sandwaves associated with the installation
of the export cable for Project Two and the export cable for Hornsea
Project One.
Disposal of material within Disposal Area 1A and 1B, as shown in Dredging
and Disposal: Site Characterisation Sandwave Clearance Disposal Areas,
SMart Wind December 2013.

Maximum volume of material disposed
in Disposal Areas 1A and 1B, during
sandwave clearance activities
associated with export cable
installation for Project Two and
Hornsea Project One.

Maximum adverse scenario as described for the operational phase of
Project Two assessed cumulatively with the following offshore wind farms:
- Hornsea Project One;
- Humber Gateway;
- Westermost Rough;
- Dudgeon;
- Race Bank;
- Triton Knoll;
- Lincs; and
- Sheringham Shoal

Project Two was represented as per
the worst case scenario modelled for
the assessment of Project Two in
isolation (see Table 1.23).
To represent Hornsea Project One, the
greatest number of turbines (332) with
the minimum spacing between
turbines (Layout 1) (SMart Wind,
2013), combined with the largest
proposed foundation option (GBF) for
Layout 1 (50 m), presents the
maximum blockage, and hence
greatest influence on marine
processes.

Cumulative effects

Potential for cumulative temporary increases in SSC
as a result of Project Two construction and
aggregate extraction activities.

Potential for cumulative temporary increases in SSC
as a result of construction of Project Two and
construction of other offshore wind farms.

Potential for cumulative deposits on the seabed
resulting from disposal activities during sandwave
clearance associated with export cable installation,
as a result of construction of Project Two and
Hornsea Project One.
Potential for cumulative effects on the tidal regime
as a result of the operational presence of Project
Two and other operational offshore wind farms.
Potential for cumulative effects on the wave regime,
with associated potential impacts along adjacent
coastlines, as a result of the operational presence of
Project Two and other operational offshore wind
farms.
Potential for cumulative effects on the wave regime,
with associated potential impacts on offshore
sandbanks, as a result of the operational presence
of Project Two and other operational offshore wind
farms.

Direct
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Cumulative impact assessment
1.7.6

The cumulative effects of the construction of Project Two have been assessed on
marine processes in their relevant offshore study area. The potential cumulative
impacts arising from the construction of Project Two are listed in Table 1.23 along
with the Design Envelope parameters against which each construction phase impact
has been assessed.

1.7.7

A description of the significance of cumulative effects upon marine processes
receptors arising from each identified impact is given below.

1.7.12

Measurement of plumes generated by the dredging vessel draghead during
aggregate extraction activities have shown that the volume of sediment lifted into
suspension is negligible (John et al., 2000) and is largely masked by the direct effects
of substrate removal. Sediment released into the water column from aggregate
dredging vessels through overspill and/or screening is dispersed laterally and
vertically by waves, tides and gravitational settling. The spatial extent of this plume is
largely determined by the resource composition and the local hydrodynamic regime,
with heavier gravel-sized particles settling rapidly at the discharge point, whilst sandsized particles generally settle within about 250 m to 500 m, and within 5 km where
tidal currents are strong (Hitchcock and Drucker, 1996; Newell et al., 2004). Where
screening is not used, the volume of discharged sand is much smaller and effects
may be confined to the extraction area (Newell et al., 2004).

1.7.13

Plume modelling undertaken for multiple licence areas in the Eastern English
Channel found that the highest SSC would occur for short periods and remain within
the dredge vessel tracks, whilst concentrations in excess of 50 mg/l would not extend
beyond the licence area. Plumes containing lower SSC (e.g., 5 to 10 mg/l) were
predicted to extend for 5 to 10 km along the direction of the tide but these were barely
distinguishable from background levels (ECA, 2003). Where bottom currents are
stronger, sediment deposited on the seabed from extraction activities may be
remobilised and in some cases the deposition footprint of fine sands has extended for
up to 3 km along the prevailing direction of sediment transport (Robinson et al.,
2005), although at low levels.

1.7.14

Based on the plume dispersion modelling carried out for Project Two, it is considered
that any plumes arising from sediment released during aggregate extraction activities
greater than 15 km offshore will disperse along the same north - south trending tidal
axis. Based on modelling and examination of seabed forms the principal transport
pathways are shown to be shore-parallel (i.e., not directed towards, or away, from the
nearby coasts).

1.7.15

Figure 1.59 demonstrates the potential interaction between increased SSC (5 to
10 mg/l above background levels) arising from the laying of the export cable and
turbine foundation installation, relative to nearby aggregate extraction sites. The
potential for the interaction of sediment plumes arising from these activities is
considered to be low. Should interaction occur, for instance where concurrent activity
is occurring in very close proximity, the result is considered to be a short-term,
localised increase in SSC (5 to 10 mg/l) over that which would otherwise be expected
from either activity alone. The likely extent and duration of this increase in SSC is
considered to be limited and concentrated within the same north-south tidal axis as
discussed above.

Potential for cumulative temporary increases in SSC as a result of Project Two
construction and aggregate extraction activities.
1.7.8

There is potential for cumulative increases in SSC during the construction of Project
Two (turbine foundation installation and cable burial) and aggregate extraction
activities within one tidal excursion, resulting from the interaction of sediment plumes.

1.7.9

The aggregate sites screened into the assessment based on being within one tidal
ellipse of Project Two are listed in Table 1.23. Consideration has been given to the
potential for the interaction of SSC from all of these aggregate extraction sites with
Project Two construction activities.

1.7.10

A reasonable ‘rule of thumb’ for loss of fine sediment from dredging activity is that,
since loading times tend to be similar for most dredgers, the discharge of water from
the dredger, and hence the rate of loss of sediment, is broadly proportional to the size
of the hopper. The total release of fine sediment into the water column is principally a
function of the fines content of the in-situ sediment and the rate at which water is
pumped through the suction pipe into the hopper or screening tower. The fine
sediment released into the water column will be dispersed horizontally and vertically
in the form of a plume by tidal flows and wave action. The processes of advection
and dispersion will continue until the sediment concentrations are reduced to close to
background levels. The rate of sediment loss of all but the finest fractions (which can
generally be thought of as passing in and out of the hopper with minimum settling)
will change over time, especially at the start of loading when fractions have not mixed
through the water in the hopper and near the end of loading when (more or less)
most of the fine sediment will not settle in the hopper at all.

1.7.11

The disturbance created by extraction activities releases sediment from below the
surface and will increase the amount of material available to be transported out of the
dredging area. Because of the strong tidal current flows in this region the disturbed
sediment will also tend to be transported parallel to the coast as bedload, but is likely
to be retained within the dredged depressions themselves. The high gravel and
coarse sand content will, in any case, allow “re-armouring” of the seabed to occur,
although there may also be a tendency for sand waves to reform (Blewett and
Huntley, 1998).
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Figure 1.59

Potential interaction between predicted plume dispersion arising from GBF installation and laying of the export cable (jetting), and other developments.
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1.7.16

1.7.17

1.7.18

1.7.19

It should be noted that the aggregate dredging sites are in an area in which field
measurements have indicated relatively high SSC, especially during storm events
(Blewett and Huntley, 1998), so the effects of any localised increases in SSC
resulting from the construction phase of Project Two is expected to be minimal.
Data available from the recent Environmental Statement for Area 506 (EMU, 2012)
as shown on Figure 1.59, allows further consideration of this site and the potential for
plume interaction during the construction phase of Project Two. The Environmental
Statement compared the results of a modelling study for Area 485, which was
deemed to be similar in physical conditions (ABPmer, 2010). The modelling study for
Area 485 (HR Wallingford, 2006), based on a worst case scenario of maximum
extracted tonnage over the whole licence block, indicated that within the dredge area
an increase in SSC of between 50 and 75 mg/l above background levels would be
likely to occur. Outside the dredge area the increase was predicted to be less than 50
mg/l above background levels. The plume was predicted to extend no further than 4
km north-northwest or 3 km south-southwest and at this point the predicted increase
in suspended sediment was less than 10 mg/l. In terms of deposition the dredging
footprint based on the worst case scenario was predicted to extend up to 2 km
(ABPmer, 2010).
As presented in Section 1.6, the dispersion of fine material during turbine installation,
either seabed preparation (GBFs) or drilling operations (monopiles), will be relatively
rapid (lasting for less than 24 hours) and widespread. Increases in SSC greater than
10 mg/l above background levels are not predicted outside of Subzone 2. If
aggregate dredging activity occurs at Area 506 during a time when turbine installation
is taking place, there is the potential for short term interaction of plumes from both
activities, resulting in an additive increase in SSC of approximately 20 mg/l above
background levels (i.e., 10 mg/l within close proximity to Subzone 2 and 10 mg/l up to
4 km north-northwest of Area 506). Previous research and metocean data collected
for Project Two indicate that SSC levels are typically between 0 to 30 mg/l in the
offshore area, although under storm conditions values can increase to up to 250 mg/l
offshore (HR Wallingford et al., 2002). An increase of 20 mg/l above background
levels for a period of less than 24 hours is considered to be a short term and small
scale effect.
The potential for material dispersed during cable laying or foundation installation
activities to deposit within aggregate dredging areas is considered to be extremely
low. While Figure 1.52 indicates an overlap between the sediment plume generated
during cable laying activities (jetting) and some aggregate dredging areas, the levels
of deposition predicted during this activity are minimal: in the order of 2 mm up to
60 m from the cable route, as described in paragraph 1.6.145.

Potential for cumulative temporary increases in SSC as a result of construction of
Project Two and construction of other offshore wind farms.
1.7.20

There is the potential for cumulative increases in SSC resulting from construction
activities (turbine foundation installation and cable burial) associated with Project Two
and other offshore wind farms.

1.7.21

The following sites have been screened into the assessment (Tier 1) based on being
within one tidal ellipse of Project Two and on having overlapping construction
periods:


Triton Knoll (2017 to 2021); and



Hornsea Project One (2015 to 2019).

Triton Knoll
1.7.22

The key concern regarding cumulative impacts arising due to a construction phase
overlap for marine processes, relate to the potential for interaction of elevated SSC
from the construction activities of each project. An assessment of the potential for a
spatial overlap of plumes from the two sites can be made through reference to tidal
ellipses (see Volume 1, Chapter 5: Environmental Impact Assessment Methodology).
Tidal ellipses in the region of the two sites show that there is no potential spatial
overlap between the Triton Knoll site area or export cable and Subzone 2, although
there is a potential spatial linkage between the northern sections of the Triton Knoll
site and export cable, and the Project Two export cable. However, the duration of any
potential overlap is likely to be limited due to the temporary nature of the plumes.
Furthermore, the extent is likely to be limited as the tidal ellipses connecting the
Triton Knoll site and the Project Two export cable are only likely to overlap for a short
length (i.e., approximately 25 km) of the Project Two export cable, which in the
context of the total cable route corridor is small.
Hornsea Project One

1.7.23

Results from the assessment of predicted elevations in SSC from the installation of
GBFs and monopile foundations for Project Two are presented in Section 1.6.
Results indicate relatively rapid dispersion of the resulting plume, with low
concentrations predicted.

1.7.24

The spatial behaviour of the plumes is illustrated within the modelling, with the
general axis of the elevated concentrations being along a broadly northwest –
southeast axis, as dictated by the axis of tidal flows. Given the location of Project One
to the south and east of Project Two, this axis suggests potential for plumes from
either project to overlap with the adjacent project area.

1.7.25

Whilst the installation process has been shown to lead to very short term peaks in
suspended sediments localised to the point of release, elevations of 10 mg/l are
confined to within the subzone of each project. Elevations in concentrations beyond
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the boundary of the subzone are up to 5 mg/l. Such elevations are likely to extend
into the adjacent subzone. However, it should be noted that elevated concentrations
from single releases are predicted to return to background levels within 24 hours. As
such, whilst there is potential for an additive effect on SSC from concurrent
installation of turbines at Project Two and Project One, such concentrations are likely
to be rapidly dispersed and are short term in nature.
1.7.26

1.7.27

There is the potential for the export cables for Project Two and Project One to be
installed at the same time. As presented in paragraph 1.6.199 onwards, the sediment
plume generated by the cable installation for Project Two will be short lived and
localised to the cable route. The same level of effect has been predicted for Project
One (SMart Wind, 2013). For reasons of practicality and safety, it is unlikely that the
cable laying equipment for both export cables will be operating in close proximity to
each other at the same time, in either the intertidal or subtidal area, so the cumulative
effects of increases in SSC are considered to be negligible.
SSC are not considered to be a receptor. Therefore, this section has described the
potential cumulative changes due to Project Two and other developments, but does
not provide a significance level. Impacts on receptors resulting from increased SSC
are described in other relevant chapters, as listed in Table 1.26.

Table 1.24

1.7.29

1.7.30

As described in paragraphs 1.6.83 to 1.6.84, a trailer suction hopper dredger may be
used to clear sandwaves along the export cable route. An assessment has been
carried out to consider the effects of disposal activities associated with sandwave
clearance for Project Two, and the results are presented in paragraphs 1.6.97 to
1.6.108. The results of this assessment apply to both Project Two and Hornsea
Project One (i.e. the size and behaviour of the mounds created during disposal
activities will be very similar for Project Two and Hornsea Project One).
An additional assessment has been carried out to consider the cumulative effect of
depositing the maximum volume of material during sandwave clearance for Project
Two and Hornsea Project One within the same disposal sites (the disposal sites are
named 2A and 2B for Project Two, and 1A and 1B for Hornsea Project One; they
refer to the same geographic areas).

Volume (m3)

Element
Disposal Area 1A

634,500

Disposal Area 1B

65,500

Total Disposal Area 1

700,000

1.7.31

Comparison of the footprint of a single placement with the available disposal areas,
indicates that all placements required for Project Two and Hornsea Project One can
be spaced so that they need not overlap with each other. While in practice some
placements may be made over others, the general effect of all placements together
can be reasonably characterised as peaks of approximately 1 m separated by a few
hundred metres.

Potential cumulative effects on the tidal regime as a result of the operational presence
of Project Two and other operational offshore wind farms.
1.7.32

Potential for cumulative deposits on the seabed resulting from disposal activities during
sandwave clearance associated with export cable installation, as a result of
construction of Project Two and Hornsea Project One.
1.7.28

Volume of material to be dredged and disposed during sandwave
clearance activities for Hornsea Project One.

Changes to the tidal regime as a result of Project Two are predicted to be localised to
Subzone 2 (see paragraphs 1.6.189 to 1.6.205). Changes to the tidal regime as a
result of Project One are also predicted to be localised to the subzone (SMart Wind,
2013). As shown on Figure 1.59, all other operational offshore wind farms are located
at a sufficient distance away from Project Two that interactions will not occur. As
such, cumulative changes to the tidal regime resulting from interactions between
Project Two and other operational wind farms are not predicted.

Potential for cumulative effects on the wave regime, with associated potential impacts
along adjacent coastlines, as a result of the operational presence of Project Two and
other operational offshore wind farms.
Hornsea Project Two and Project One
1.7.33

To investigate the potential cumulative effects on waves of Project Two and Project
One, wave modelling was undertaken using the same methodology as presented in
paragraphs 1.6.207 to 1.6.215 and in more detail in Annex 5.1.2: Wave Modelling.

1.7.34

Project Two was represented as per the worst case scenario modelled for the
assessment of Project Two in isolation (see Table 1.23). To represent Project One,
the proposed Layout 1 was chosen as it represents the most dense configuration of
turbines: the greatest number of turbines (332) with the minimum spacing between
turbines (932 m), combined with the largest proposed foundation option (GBF) for
(50 m) (SMart Wind, 2013).

The quantity of material to be disposed for Project Two is provided in Table 1.20, and
the quantity of material to be disposed for Hornsea Project One is provided in Table
1.24 below.
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1.7.35

1.7.36

It is noted that the Applicant for 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 Project One for a maximum of 240 turbines, then
the level of impacts on the wave regime, with associated potential impacts along
adjacent coastlines, would likely be reduced from those presented within this
document.
The following six scenarios were modelled for five wind directions (north; north
northeast; northeast; east northeast; and east), totalling 30 scenarios:


50% no exceedance (i.e., the significant wave height is not exceeded 50% of
the time);



10 in 1 year return period (i.e., the significant wave height occurs on average 10
times in 1 year);



1 in 1 year return period;



1 in 10 year return period;



1 in 50 year return period; and



1 in 100 year return period.

1.7.37

These are the same wave directions and events that were modelled as for Project
Two in isolation (see paragraph 1.6.215).

1.7.38

The greatest effects on waves resulting from Project Two and Project One
cumulatively are observed during the 50% no exceedance scenario, and as such
these model results are displayed in this section for each of the five wind directions
tested, in Figure 1.60 to Figure 1.64. The figures show the difference in significant
wave height between the baseline and the development, presented in the form of
relative percentage. Model outputs for all of the 30 test conditions are provided in
Annex 5.1.2: Wave Modelling.

1.7.39

1.7.40

To set the context of the predicted changes, the baseline Hs for each of the five wind
directions is presented in Annex 5.1.2: Wave Modelling. In summary, the baseline Hs
within Subzone 2 varies between 0.8 m and 1.2 m depending on prevailing wind
direction. Significant wave height reduces with proximity to the coast; in the
nearshore area Hs of less than 0.6 m is observed.
The greatest predicted changes in wave heights (presented below) are observed
during the 50% no exceedance scenario at times when waves are coming from the
north (Figure 1.60) or the north northeast (Figure 1.61), which is about 13% of the
time; for the remaining 87% of the time, there are no predicted changes to the nearshore wave climate due to the operational presence of Projects One and Two.

1.7.41

Within the near-shore coastal area, reductions in wave height of between 0% and 5%
are predicted along the Lincolnshire and north Norfolk coastlines. Between Donna
Nook and Gibraltar Point, reductions in wave height at the coast of between 2% and
4% are predicted. Between Burnham and Great Yarmouth, reductions in wave height
of between 0% and 5% are predicted.

1.7.42

Whilst the predicted changes in the wave regime are limited, further investigation was
undertaken to understand any potential implications for sediment drift along adjacent
shorelines as part of the Environmental Impact Assessment.

1.7.43

At three locations along the coastline where reductions in wave heights are predicted
(as shown on Figure 1.60 and Figure 1.61), estimated changes in annual drift rate
(based on the difference in wave height at the point of breaking (Hb) between the
baseline and the operational presence of Project One and Project Two, according to
the wave modelling results) and corresponding wave direction have been calculated.
For a given set of water, sediment and shoreline configuration parameters the drift
rate of sediment is directly proportional to the wave height at the point of breaking
(Hb) in the surf zone at the shoreline. All littoral drift formulae based on wave height
raise Hb to a power that is greater than 1. The widely used Coastal Engineering
Research Center (CERC) formula and independently derived Soulsby-Damgaard
formula both use the power 5/2 (i.e., Hb2.5) (Soulsby, 1997; Soulsby and Damgaard,
2005). This allows a direct comparison of the drift rate in a changed wave height field
to be made.

1.7.44

Table 1.25 quantifies the estimated changes to drift rates at locations where
reductions in wave heights are predicted. The calculations take into account that
changes are only observed for 13% of the time. Estimated changes in annual drift
rate resulting from reductions in wave heights are predicted to be very small:
maximum of 0.7% reduction in the vicinity of Cromer. Estimated changes in wave
direction are also very small: maximum of 1.3° in the vicinity of Cromer. Changes in
littoral drift and wave direction of this very small magnitude are not predicted to have
any effect on sediment transport.
Other operational offshore wind farms

1.7.45

Westermost Rough and Humber Gateway offshore wind farms are situated to the
west of Project Two, as shown on Figure 1.59.

1.7.46

The Westermost Rough ES (DONG Energy, 2009) concluded that changes in wave
height along the shore resulting from the presence of the wind farm would be limited
in magnitude, and therefore that changes in sediment transport would be
insignificant.

1.7.47

The Humber Gateway ES (E.ON, 2009) considered potential changes to waves and
concluded that wave heights will only be slightly reduced by the Humber Gateway
project and therefore that there would be no significant impacts to coastal erosion.
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1.7.48

Potential wave effect interactions will, therefore, only occur for waves coming from an
easterly direction. As can be seen from Figure 1.60 to Figure 1.64 predicted changes
to wave heights resulting from the operational presence of Project Two and Project
One are not predicted to extend as far west as Humber Gateway or Westermost
Rough for any of the wave directions tested.

1.7.49

Triton Knoll, Race Bank, Dudgeon, Sheringham Shoal and Lincs offshore wind farms
are all situated to the southwest of Project Two, as shown on Figure 1.59.

1.7.50

When waves are coming from the north, north northeast and northeast (shown on
Figure 1.60, Figure 1.61 and Figure 1.62 respectively), the footprint of predicted
changes to wave heights resulting from Project Two and Project One overlaps with
the location of Triton Knoll, Race Bank, Dudgeon, Sheringham Shoal and Lincs
offshore wind farms.

1.7.51

1.7.52

1.7.53

The Triton Knoll ES (RWE npower renewables, 2012) considered the effects on the
wave regime of Triton Knoll with the Lincs, LID, Race Bank and Docking Shoal
offshore wind farms during the operational phase for the wave regime. The low
magnitude of wave height reductions (greatest reduction of 0.02 m) and the small
directional changes (<0.54 degrees) were deemed to be of negligible significance.
The Environmental Statements for the Race Bank (Centrica Energy, 2009), Dudgeon
(Dudgeon Offshore Wind Farm Ltd., 2009), Sheringham Shoal (Scira, 2006) and
Lincs (Centrica Energy, 2007) offshore wind farms predicted only minor changes in
the wave regime, restricted to the wind farm sites themselves. No impacts were
predicted on the Lincolnshire or Norfolk coastlines as a result of changes to the wave
regime.

One and other offshore wind farms presented above, and the high natural variability
of the Lincolnshire and North Norfolk coastlines (HR Wallingford et al., 2002), the
magnitude of the effect is considered to be low.
Sensitivity of receptor
1.7.55

The shoreline is considered to be a sensitive receptor for marine processes. There
are a number of nationally and internationally designated sites along the Lincolnshire
and Norfolk coastlines. There are three that are designated for coastal features:


Humber Estuary SAC;



The Wash and North Norfolk Coast SAC; and



Flamborough Head SAC.

1.7.56

Effects on the shoreline as a result of changes to the wave regime may alter the
morphology of the shoreline or interrupt baseline patterns of sediment transport or
littoral drift. As such, the shoreline is deemed to be of minor vulnerability with
moderate to high levels of recoverability.

1.7.57

The sensitivity of this receptors is, therefore, considered to be medium.
Significance of effect

1.7.58

As the cumulative effects of Project Two and other operational wind farms on the
wave climate are considered to be of low magnitude and the sensitivity is medium,
the effects on the shoreline and offshore sandbanks will be of minor adverse
significance, which is not significant in EIA terms.

The cumulative reduction in wave height predicted due to the operational presence of
the offshore wind farms presented above are considered to be of very small
magnitude are not predicted to have any effect on sediment transport.
Magnitude of impact

1.7.54

Taking into account the relatively small predicted cumulative changes in wave heights
and wave direction resulting from the operational presence of Project Two, Project

Table 1.25

Estimated percentage changes in drift rates at coastal sites. Locations shown on Figure 1.60 and Figure 1.61.

Approximate location

Coordinates (WGS 84)
Longitude

Latitude

Change in annual drift rate %
Waves from north

Waves from north northeast

Change in wave direction (°N)
Waves from north

Waves from north northeast

Mablethorpe

00° 21' 11.220"E

53° 14' 17.700"N

0.00

-0.2

0.8

1.0

Blakeney (within The Wash and
North Norfolk Coast SAC)

00° 55' 41.000"E

52° 59' 08.723"N

-0.3

-0.2

1.0

-0.5

Cromer

01° 17' 57.487"E

52° 56' 24.217"N

-0.7

-0.1

0.6

-1.3
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Figure 1.60

Percentage difference in significant wave height between baseline and both Project Two and Project One operational phases, 50% no exceedance, wave direction north.
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Figure 1.61

Percentage difference in significant wave height between baseline and both Project Two and Project One operational phases, 50% no exceedance, wave direction north
northeast.
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Figure 1.62

Percentage difference in significant wave height between baseline and both Project Two and Project One operational phases, 50% no exceedance, wave direction
northeast.
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Figure 1.63

Percentage difference in significant wave height between baseline and both Project Two and Project One operational phases, 50% no exceedance, wave direction east
northeast.
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Figure 1.64

Percentage difference in significant wave height between baseline and both Project Two and Project One operational phases, 50% no exceedance, wave direction east.
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Potential for cumulative effects on the wave regime, with associated potential impacts
on offshore sandbanks, as a result of the operational presence of Project Two and other
operational offshore wind farms.
1.7.59

1.7.64

The assessment of effects on the wave regime presented in the previous impact
assessment (paragraphs 1.7.34 to 1.7.54) also applies to this impact assessment: it
is the receptor (offshore sandbanks) that is different.

In summary, the wave events that are likely to cause the greatest effects on offshore
sandbanks occur during low-frequency high-intensity storm conditions (e.g. 1 in 10
year return period). The operational presence of Project Two and Project One is not
predicted to have an effect on waves during storm conditions, so whilst there is
potential for some reductions in wave heights under calm conditions (high-frequency
low-intensity wave events; 50% no exceedance), the key wave events that control
sandbanks are not changed.

Hornsea Project Two and Project One
Other operational offshore wind farms
1.7.60

1.7.61

1.7.62

1.7.63

The North Norfolk Sandbanks and Saturn Reef cSAC is located to the south of
Project Two, approximately 10 km to the south at its closest point. The wave
modelling predicted a reduction in wave height offshore in the region of the North
Norfolk Sandbanks and Saturn Reef cSAC when waves are coming from the north,
north-north-east and north-east only (Figure 1.60, Figure 1.61 and Figure 1.62
respectively). The greatest effect is observed when waves are coming from the north.
During all other wave/wind conditions, there will be no effects on the North Norfolk
Sandbanks and Saturn Reef cSAC.
When waves are coming from the north, during calm conditions (i.e. under highfrequency low-intensity wave events, the 50% no exceedance scenario) predicted
reductions in wave heights are observed of between 15 to 20% in the northernmost
part of the cSAC, reducing to 2.5 to 5% in the southern section of the cSAC. This
may lead to a small growth in top of bank levels under these conditions for some of
the shallower banks within the Norfolk offshore sandbank system due to the
operational presence of the project. However, as the waves under these conditions
are low-intensity, any changes to sandbanks will be very small.
Under more severe storm conditions (e.g. 1 in 10 year return period) the wave
climate is predicted to remain largely unaffected by structure-induced wave scattering
(see Annex 5.1.2: Wave Modelling). It is these events that have the potential to have
the greatest influence on offshore sandbank behaviour and stability as they have a
greater spatial influence given the wave height to water depth effects. In other words,
any small changes to the tops of bank levels under high-frequency low-intensity wave
events will be masked by the natural changes to sandbanks that would occur during
these larger storm events.
Further, under calm conditions sediment transport is mainly tidally controlled. In the
swales, the strong currents during the tidal cycle have high sediment transport
potential, whilst on top of the bank the currents are normally weaker, giving lower
sediment transport potential. This results in the growth of the sandbank.

1.7.65

The North Norfolk Sandbanks and Saturn Reef cSAC is located to the south of
Project Two. The wave modelling predicted a reduction in wave height offshore in the
region of the cSAC when waves are coming from the north, north-north-east and
north-east only (Figure 1.60, Figure 1.61 and Figure 1.62 respectively). During all
other wave/wind conditions, there will be no effects on the cSAC.

1.7.66

The operational wind farms identified in Table 1.23 are all situated to the west and
south west of the North Norfolk Sandbanks and Saturn Reef cSAC, between the
cSAC and the coastline. There is, therefore, no mechanism for cumulative effects
between Project Two and other operational wind farms to affect the wave regime in
the vicinity of the cSAC.
Magnitude of impact

1.7.67

The operational presence of Project Two, Project One, Triton Knoll, Westermost
Rough and Humber Gateway offshore wind farms is not predicted to have an effect
on waves during storm conditions, so whilst there is potential for some reductions in
wave heights under calm conditions (high-frequency low-intensity wave events; 50%
no exceedance), the key wave events that control sandbanks are not changed. The
magnitude of the impact on the protected offshore sandbanks is therefore considered
to be negligible.
Sensitivity of receptor

1.7.68

Offshore sandbanks are sensitive to changes in marine processes: changes to the
wave regime could alter the structure and function of sandbanks. Due to their
dynamic nature they are deemed to be of minor vulnerability with moderate to high
levels of recoverability.

1.7.69

There is an offshore designated site that could be potentially affected by changes to
waves: the North Norfolk Sandbanks and Saturn Reef cSAC.

1.7.70

The sensitivity of this receptor is, therefore, considered to be medium.
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1.7.71

Significance of effect

1.10

Conclusion

As the cumulative effects of Project Two and other operational offshore wind farms
on the wave climate are considered to be of negligible magnitude and the sensitivity
is medium, the effects on offshore sandbanks will be of negligible significance, which
is not significant in EIA terms.

1.10.1

This chapter presents the details of the EIA for potential effects and impacts of
Project Two on marine processes. The term ‘marine processes’ in this context is a
collective term for marine and seabed physical processes, geology and
geomorphology, hydrodynamics, seabed sediments, bathymetry, tides and waves.

1.10.2

In carrying out an impact assessment, marine processes are not in themselves
receptors in the majority of cases, but changes to these processes may have an
impact on other sensitive receptors (Lambkin et al., 2009). Therefore, the approach
adopted is to describe the potential changes to marine processes due to Project Two,
but not provide an assessment of the significance. The exception to this approach is
when considering physical changes to the shoreline and offshore sandbanks, which
are considered to be sensitive receptors. In such cases, a full impact assessment
(i.e., assigning sensitivity, magnitude and significance) has been carried out.

1.10.3

This chapter does not consider the impacts on other receptors that may be affected
by changes to the marine processes, such as fisheries and marine mammals. The
indirect impacts resulting from potential changes to marine processes are informed
by the outputs of this study and presented in their respective chapters (for example,
Chapter 2: Benthic Intertidal and Subtidal Ecology; Chapter 3: Fish and Shellfish
Ecology; Chapter 4: Marine Mammals; Chapter 6: Commercial Fisheries and Chapter
9: Marine Archaeology and Ordnance) and Chapter 11: Infrastructure and Other
Users.

1.10.4

Table 1.26 summarises the potential effects and impacts on marine processes. The
majority of effects on marine processes are considered to be localised and short
term. Impacts on the shoreline and offshore sandbanks are considered to be of
negligible significance, which is not significant in EIA terms. Cumulative impacts
(Section 1.7) are considered to be of negligible or minor adverse significance,
which is not significant in EIA terms.

1.8

Transboundary Effects

1.8.1

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.

1.8.2

A screening of transboundary impacts has been carried out and is presented in
Volume 4, Annex 4.5.2: Transboundary Impacts Screening Note. This screening
exercise identified that there was no potential for significant transboundary effects
with regard to marine processes from Project Two upon the interests of other EEA
States.

1.9

Inter-Related Effects

1.9.1

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:

1.9.2



Project lifetime effects: Assessment of the scope for effects that occur
throughout more than one phase of the project, (construction, operational 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); and



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 benthic habitats - direct habitat
loss or disturbance, sediment plumes, scour, jack-up vessel use etc. 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.

A description of the likely inter-related effects arising from Project Two on marine
processes is provided in Chapter 12: Inter-Related Effects (Offshore).
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Table 1.26

Summary of potential environmental effects.
Mitigation
measures
adopted as
part of the
project

Potential impact

Direct/
indirect

Short
term/
long
term

Continuous/
intermittent

Sensitivity
of receptor

Magnitude
of impact

Significance
of effect
including
designed in
measures

Additional
mitigation
measures
and residual
significance
of effect

Notes

Construction phase

Potential for disposal of drill
arisings during installation of
monopile foundations to
increase SSC within the water
column.

Disposal of drill arisings during
installation of monopile
foundations will deposit
material on the seabed.

Seabed preparation prior to
installing GBFs has the
potential to increase SSC
within the water column.

-

-

-

Direct

Direct

Direct

Short
term

Short
term

Short
term

Intermittent

Intermittent

Intermittent

n/a

n/a

n/a

n/a

n/a

n/a
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n/a

n/a

n/a

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

Mitigation
measures
adopted as
part of the
project

Potential impact

Seabed preparation prior to
installing GBFs will result in
the deposition of material on
the seabed.

Potential for sandwave
clearance associated with the
installation of the export cable
to increase SSC within the
water column.

Sandwave clearance
associated with the installation
of the export cable will deposit
material on the seabed.

Potential for sandwave
clearance associated with the
installation of the export cable
to affect the wave regime.

-

-

-

-

Direct/
indirect

Direct

Direct

Direct

Direct

Short
term/
long
term

Short
term

Short
term

Short
term

Short
term

Continuous/
intermittent

Intermittent

Intermittent

Intermittent

Intermittent

Sensitivity
of receptor

n/a

Magnitude
of impact

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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Significance
of effect
including
designed in
measures

n/a

n/a

n/a

n/a

Additional
mitigation
measures
and residual
significance
of effect

Notes

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology; and
- Chapter 3 Fish and Shellfish
Ecology.

Mitigation
measures
adopted as
part of the
project

Potential impact

Potential for the combined
effects of sandwave clearance
associated with the installation
of cables within Subzone 2,
and turbine installation, to
increase SSC within the water
column.

The combined effects of
sandwave clearance
associated with the installation
of cables within Subzone 2,
and turbine installation, will
deposit material on the
seabed.

Potential for sandwave
clearance associated with the
installation of cables within
Subzone 2 to affect the wave
regime.

-

-

-

Direct/
indirect

Direct

Direct

Direct

Short
term/
long
term

Short
term

Short
term

Short
term

Continuous/
intermittent

Intermittent

Intermittent

Intermittent

Sensitivity
of receptor

n/a

Magnitude
of impact

n/a

n/a

n/a

n/a

n/a
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Significance
of effect
including
designed in
measures

Additional
mitigation
measures
and residual
significance
of effect

n/a

n/a

n/a

-

Notes

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology; and
- Chapter 3 Fish and Shellfish
Ecology.

Mitigation
measures
adopted as
part of the
project

Potential impact

Potential for installation of
cables to increase SSC within
the water column and deposit
material on the seabed.

Potential for the installation of
the export cable at the landfall
to affect beach morphology,
hydrodynamics and sediment
transport (littoral drift).

Potential for jack-up barges
used for foundation installation
to affect the sediment regime.

-

-

-

Direct/
indirect

Short
term/
long
term

Direct

Short
term

Direct

Short
term

Direct

Long
term

Continuous/
intermittent

Intermittent

Intermittent

Continuous

Sensitivity
of receptor

n/a

Medium

n/a

Magnitude
of impact

Significance
of effect
including
designed in
measures

n/a

n/a

Negligible

Negligible
(insignificant)

n/a

n/a

Additional
mitigation
measures
and residual
significance
of effect

Notes

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For other receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Users.

-

For other receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology; and
- Chapter 11 Infrastructure and
Other Users.

Operation and maintenance phase
Potential for the presence of
turbines and associated
offshore infrastructure to affect
the tidal regime.

-

Direct

Long
term

Continuous

n/a

n/a
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n/a

Mitigation
measures
adopted as
part of the
project

Potential impact

Direct/
indirect

Short
term/
long
term

Continuous/
intermittent

Sensitivity
of receptor

Magnitude
of impact

Significance
of effect
including
designed in
measures

Potential for the presence of
turbines and associated
offshore infrastructure to affect
the wave regime, with
associated potential impacts
along adjacent shorelines.

-

Direct

Long
term

Continuous

Medium

No change

Negligible
(insignificant)

Potential for the presence of
turbines and associated
offshore infrastructure to affect
the wave regime, with
associated potential impacts
on offshore sandbanks.

-

Direct

Long
term

Continuous

Medium

Negligible

Negligible
(insignificant)

Potential for the presence of
turbine foundations to result in
scour of seabed sediments.

-

Direct

Long
term

Continuous

n/a

n/a

n/a

Potential for the use of cable
protection along the interarray, platform interconnector,
accommodation platform and
export cables in deep water
(>12 m) to affect sediment
transport and sediment
transport pathways.

Potential for the use of cable
protection along the export
cable in shallow water (<12 m)
to affect beach morphology,
hydrodynamics and sediment
transport (littoral drift).

-

-

Direct

Long
term

Direct

Long
term

Continuous

Continuous

n/a

Medium
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n/a

n/a

Negligible

Negligible
(insignificant)

Additional
mitigation
measures
and residual
significance
of effect

Notes

-

For other receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology; and
- Chapter 11 Infrastructure and
Other Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammals;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Marine Users.

-

For other receptors see:
Chapter 2 Benthic Intertidal and
Subtidal Ecology.

Mitigation
measures
adopted as
part of the
project

Potential impact

Potential for the export cable
at the landfall to affect beach
morphology, hydrodynamics
and sediment transport (littoral
drift).

Potential for jack-up barges
used during operation and
maintenance activities to
affect the sediment regime.

-

-

Direct/
indirect

Direct

Direct

Short
term/
long
term

Long
term

Long
term

Continuous/
intermittent

Continuous

Continuous

Sensitivity
of receptor

Medium

n/a

Magnitude
of impact

Negligible

n/a

Significance
of effect
including
designed in
measures

Negligible
(insignificant)

n/a

Additional
mitigation
measures
and residual
significance
of effect

Notes

-

For other receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Marine Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammal
Ecology;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Marine Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammal
Ecology;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Marine Users.

Decommissioning phase

Cutting off jacket foundations
below the seabed surface has
the potential to increase SSC
within the water column and
deposit material on the
seabed.

-

Direct

Short
term

Intermittent

n/a

n/a
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n/a

Mitigation
measures
adopted as
part of the
project

Potential impact

Potential for removal of GBFs
to increase SSC within the
water column and deposit
material on the seabed.

Removal of export, inter-array,
platform interconnector or
accommodation platform
cables has the potential to
increase SSC within the water
column and deposit material
on the seabed.

Removal of the export cable at
the landfall has the potential to
affect beach morphology,
hydrodynamics and sediment
transport (littoral drift).

-

-

-

Direct/
indirect

Direct

Direct

Direct

Short
term/
long
term

Short
term

Short
term

Short
term

Continuous/
intermittent

Intermittent

Intermittent

Intermittent

Sensitivity
of receptor

n/a

Magnitude
of impact

n/a

n/a

n/a

Medium
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Negligible

Significance
of effect
including
designed in
measures

n/a

n/a

Negligible
(insignificant)

Additional
mitigation
measures
and residual
significance
of effect

Notes

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammal
Ecology;
- Chapter 6 Commercial Fisheries;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Marine Users.

-

For receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 3 Fish and Shellfish
Ecology;
- Chapter 4 Marine Mammal
Ecology;
- Chapter 7 Commercial Fisheries;
- Chapter 10 Marine Archaeology
and Ordnance; and
- Chapter 12 Infrastructure and
Other Marine Users.

-

For other receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 10 Marine Archaeology
and Ordnance; and Chapter 12
Infrastructure and Other Marine
Users.

Mitigation
measures
adopted as
part of the
project

Potential impact

Physical presence of cable
and scour protection has the
potential to affect beach
morphology, hydrodynamics
and sediment transport (littoral
drift).

-

Direct/
indirect

Direct

Short
term/
long
term

Long
term

Continuous/
intermittent

Continuous

Sensitivity
of receptor

Medium
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Magnitude
of impact

Negligible

Significance
of effect
including
designed in
measures

Negligible
(insignificant)

Additional
mitigation
measures
and residual
significance
of effect

-

Notes

For other receptors see:
- Chapter 2 Benthic Intertidal and
Subtidal Ecology;
- Chapter 9 Marine Archaeology
and Ordnance; and
- Chapter 11 Infrastructure and
Other Marine Users.
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