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Glossary

Term Definition
Bridge Link A bridge link can be used for interconnection between any combination of

permanent offshore installation assets (e.g. Offshore Substation (OSS) and

accommodation platform). It is a steel truss structure installed 20-25m

above sea level, with provision for overhead clearance for personnel, lighting

fixtures and ancillary cabling.

Code of Construction
Practice (CoCP)

A document detailing the overarching principles of construction, contractor
protocols, construction-related environmental management measures,
pollution prevention measures, the selection of appropriate construction

techniques and monitoring processes

Commitment

A term used interchangeably with mitigation and enhancement measures.
Commitments are Embedded Mitigation Measures. The purpose of
Commitments is to reduce and/or eliminate Likely Significant Effects (LSEs),
in EIA terms.

Primary (Design) or Tertiary (Inherent) are both embedded within the
assessment at the relevant point in the EIA (e.g. at Scoping, Preliminary
Environmental Information Report (PEIR) or ES).

Secondary commitments are incorporated to reduce LSE to environmentally
acceptable levels following initial assessment i.e. so that residual effects are
acceptable.

Design Envelope

A description of the range of possible elements that make up the Hornsea
Project Four design options under consideration, as set out in detail in the
project description. This envelope is used to define Hornsea Project Four for
Environmental Impact Assessment (EIA) purposes when the exact
engineering parameters are not yet known. This is also often referred to as

the “Rochdale Envelope"” approach.

Design Vision

The Design Vision Statement for Hornsea Four captures project
commitments, enhancement, mitigation, net gain and approaches that aim

to influence the future development of all on-shore infrastructure.

Development Consent
Order (DCO)

An order made under the Planning Act 2008 granting development consent

for one or more Nationally Significant Infrastructure Projects (NSIP).

Export Cable Corridor (ECC)

The specific corridor of seabed (seaward of Mean High Water Springs
(MHWS)) and land (landward of MHWS) from the Hornsea Project Four array
area to the Creyke Beck National Grid substation, within which the export

cables will be located.

Crid Connection

Where the Hornsea Four connects to the existing Creyke Beck 400kV
substation

High Voltage Alternating
Current (HVAC)

High voltage alternating current is the bulk transmission of electricity by
alternating current (AC), whereby the flow of electric charge periodically
reverses direction.

High Voltage Direct Current
(HVDCQ)

High voltage direct current is the bulk transmission of electricity by direct

current (DC), whereby the flow of electric charge is in one direction.

Hornsea Project Four

The term covers all elements of the project (i.e. both the offshore and
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Term

Definition

offshore wind farm

onshore). Hornsea Four infrastructure will include offshore generating
stations (wind turbines), electrical export cables to landfall, and connection
to the electricity transmission network. Hereafter referred to as Hornsea

Four.

Landfall Where the offshore cables come ashore east of Fraisthorpe

Landfall compound Compound at landfall within which HDD or other trenchless techniques
would take place

Link boxes The underground metal box placed within a plastic or concrete pit where the

metal sheaths between adjacent export cable sections are connected and
earthed installed within a ground level manhole or inspection chamber to
allow access to the link box for regular maintenance or fault-finding

purposes.

Maximum Design Scenario
(MDS)

The maximum design parameters of each Hornsea Four asset (both on and
offshore) considered to be a worst case for any given assessment.

Onshore substation (OnSS)

Comprises a compound containing the electrical components for
transforming the power supplied from Hornsea Project Four to 400 kV and to
adjust the power quality and power factor, as required to meet the UK Grid
Code for supply to the National Grid. If a HVDC system is used the OnSS will
also house equipment to convert the power from HVDC to HVAC.

Order Limits

The onshore limits within which Hornsea Project Four (the ‘authorised
project’) may be carried out.

Rochdale Envelope

Provides flexibility in design options where details of the whole project are
not available when the application is submitted, while ensuring the impacts
of the final development are fully assessed during the Environmental Impact
Assessment (EIA).

Scour protection

Protective materials to avoid sediment being eroded away from the base of
the offshore foundations as a result of the flow of water.

Wind turbine generator

All the components of a wind turbine, including the tower, nacelle, and rotor.

Acronyms

Acronym Definition

CAA Civil Aviation Authority

CBRA Cable Burial Risk Assessment
CD Chart Datum

CoCP Code of Construction Practice
CTV Crew Transport Vessels
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Acronym Definition

DCO Development Consent Order

DECC Department of Energy and Climate Change
DRC Dynamic Reactive Power Compensation plant
DNO Distribution Network Operator

ECC Export Cable Corridor

ECOW Ecological Clerk of Works

EIA Environmental Impact Assessment

ES Environmental Statement

EBI Energy Balancing Infrastructure

GBS Gravity Base Structure

GIS Geographical Information System

GPR Ground Penetrating Radar

HRA Habitats Regulations Assessment

HDD Horizontal Directional Drilling

HGV Heavy Goods Vehicle

HVAC High Voltage Alternating Current

HVDC High Voltage Direct Current

IROPI Imperative reasons of over-riding public interest
JB Joint Bays

JUV Jack up vessel

LAT Lowest Astronomical Tide

LB Link Box

MCA Maritime Coastguard Agency

MHW Mean High Water

MHWS Mean High Water Springs

MLW Mean Low Water

MLWS Mean Low Water Springs

MMO Marine Management Organisation

NGET National Grid Energy Transmission

NPS National Policy Statement

NSIP Nationally Significant Infrastructure Project
NtM Notice to Mariners

OSS Offshore substation

PEIR Preliminary Environmental Information Report
PLGR Pre-lay Grapnel Run

PINS Planning Inspectorate

SoCC Statement of Community Consultation

SoS Secretary of State

SOV Special Operational Vessels

SWMP Site Waste Management Plan

TCE The Crown Estate

TJB Transition Joint Bays

TSHD Trailer Suction Hopper Dredger
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Acronym Definition

UKHO UK Hydrographic Office
UXo Unexploded Ordnance
WTG Wind turbine generator

Units

Unit Definition

GW Gigawatt (power)

kV Kilovolt (electrical potential)

kW Kilowatt (power)

KJ Kilojoules (energy)

m meters

km kilometers
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Introduction

This chapter of the Environmental Statement (ES) presents a description of the design of
Hornsea Project Four Offshore wind farm. It sets out the Hornsea Four design and
components for both the onshore and offshore infrastructure, as well as the main activities
associated with the construction, operation and maintenance, and decommissioning of
Hornsea Four.

The Design Envelope approach has been used to include sufficient flexibility to
accommodate further project refinement during detailed design, post consent. This
chapter therefore sets out a series of options and parameters for the design of Hornsea
Four. The final design will be refined after consent has been granted from within the
parameters stated within this project description.

This Project Description sets out:

. Design envelope Approach;

. Commitments;

. Consultation;

o Project location;

. Project infrastructure overview;

. Offshore infrastructure construction;

. Onshore infrastructure construction; and
o Operation and maintenance.

Design Envelope Approach

At this stage in the Hornsea Four development process, the project description is indicative,
except for the Primary Commitments (see Commitment Register (A4.5.2) and their delivery
as defined in the Design Vision Statement (A4.4.6) and Outline Design Plan (F2.13).

The ‘envelope’ has been designed to include a necessary degree of flexibility to
accommodate further project refinement during detailed design, post consent. Hornsea
Four requires flexibility in choice of foundation options, transmission technology (i.e. High
Voltage Alternating Current (HVAC) or High Voltage Direct Current (HVDC)), specific siting
of infrastructure, construction methodologies etc. to ensure that anticipated changes in
available technology and project economics can be accommodated within the Hornsea
Four design. The final project design will depend on factors including ground conditions,
wave and tidal conditions, project economics and procurement approach. This chapter
therefore sets out the maximum design parameters for Hornsea Four, which are
encompassed within the Design Envelope.

It should be noted that Hornsea Four has developed this Design Envelope based on a series
of integrated design workshops (see Design Vision A4.4.6) and an integrated Commitment
register (see A4.5.2) to ensure environmental considerations are significant design decision
factors. This process has used best practice and experience from the industry to inform
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decision making. The development of a Commitments Register (see A4.5.2) and mitigation
by design approach captured in Hornsea Four's Commit, Consult, Design ethos; (see Figure
5.1 of Chapter 5: EIA Methodology) are crucial elements of this process to ensure that
matters that may be most important to design, decision-making and consent conditions
are not lost amidst excessive detail on less material matters.

4.2.1.4 The use of the Design Envelope approach has been recognised in the Overarching National
Policy Statement (NPS) for Energy (EN-1) (DECC, 2011a) and the NPS for Renewable Energy
Infrastructure (EN-3) (DECC, 2011b). This approach has been used in most offshore wind
farm applications.

4.2.1.5 Inthe case of offshore wind farms, NPS EN-3 (paragraph 2.6.42) recognises that:
“Owing to the complex nature of offshore wind farm development, many of the details of a
proposed scheme may be unknown to the applicant at the time of the application, possibly
including:

) Precise location and configuration of turbines and associated development;
o Foundation type;

o Exact turbine tip height;

. Cable type and cable route; and

e Exact locations of offshore and/or onshore substations.”

4.2.1.6 NPS EN-3 (paragraph 2.6.43) continues:

“The IPC [Infrastructure Planning Commission] should accept that wind farm operators are
unlikely to know precisely which turbines will be procured for the site until sometime after
any consent has been granted. Where some details have not been included in the application
to the IPC, the applicant should explain which elements of the scheme have yet to be
finalised, and the reasons. Therefore, some flexibility may be required in the consent. Where
this is sought and the precise details are not known, then the applicant should assess the
effects the project could have (as set out in EN-1 paragraph 4.2.8) to ensure that the project
as it may be constructed has been properly assessed (the Rochdale [Design] Envelope)”.
(DECC, 2011b).”

4.2.1.7 NPS EN-3 also states (in footnote 23, on page 32) that:

“The ‘Rochdale [Design] Envelope’ is a series of maximum extents of a project for which the
significant effects are established. The detailed design of the project can then vary within this
‘envelope’ without rendering the ES [Environmental Statement] inadequate”.

4.2.1.8 The Design Envelope approach is consistent with PINS Advice Note Nine: Rochdale
Envelope (PINS, 2012) which states (page 11, conclusions) that:

“The ‘Rochdale [Design] Envelope’ is an acknowledged way of dealing with an application
comprising EIA development where details of a project have not been resolved at the time
when the application is submitted”.
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4.2.1.9 Throughout the ES the Design Envelope approach has been taken to allow meaningful
assessments of Hornsea Four to proceed, whilst still allowing reasonable flexibility for
future project design decisions.

4.2.2 Relationship to the Maximum Design Scenario

4.2.2.1 In order to avoid excessive conservatism in the EIA, the parameters assessed throughout
the assessments are not necessarily a combination of the maximum design parameters for
each component. For example, the maximum seabed disturbance will not coincide with the
maximum number of piles, as the first relates to Suction Caisson Jacket foundations, whilst
the second relates to piled Jacket foundations. Hence the maximum design scenario is
chosen on a receptor by receptor and an impact by impact basis, based on a range of
build-out scenarios. The details of these maximum design scenarios are set out within the
topic chapters of this ES and summmarised within the Impacts Register (A4.5.1).

4.2.3 Developable Area Approach and relationship to Agreement for Lease (AfL) area

4.2.3.1 The Hornsea Four Developable Area Approach (DAA) is set out in Al, Chapter 6:
Consultation. In keeping with the Hornsea Four approach to Proportionate EIA, careful
consideration was given to the size and location (within the exiting offshore Agreement for
Lease (AfL) area) of the Project taken forward. Hornsea Four adopted a magjor site
reduction from the AfL presented at Scoping (868km?) to the PEIR boundary (600km?)
presented in Figure 4.1. This site boundary has been further reduced for the ES and DCO
application (468km?). The narrative of the site reduction is captured in Chapter 3: Site
Selection and Consideration of Alternatives.

4.2.4  Turbine capacity and Hornsea Four capacity

4.2.4.1 The ElAis not linked directly to the wind turbine generator capacity, but rather its physical
dimensions such as tip height and rotor diameter. It is therefore not considered necessary
to constrain the Design Envelope based on wind turbine generator capacity and as such is
not referred to within this Project Description. In recent years, the capacity of wind turbine
generators has become more flexible and may be different depending on the
environmental conditions at the sites. Furthermore, the historic approach of specifying an
upper MW capacity limit for turbines or overall project has resulted in the need for
numerous non-material change applications, such as the Dogger Bank Teesside A and B
Offshore Wind Farm Order 2015 and Dogger Bank Creyke Beck Offshore Wind Farm Order
2015.

4.2.4,2 Hornsea Four will have a maximum of 180 wind turbine generators. In line with the above
discussion on individual wind turbine generator capacity the total capacity of Hornsea Four
is not defined within this Project Description, though is anticipated to be in the order of
2.6GW. The ultimate capacity of Hornsea Four will be determined based on the capacity

Al.4.
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awarded at auction, the grid connection capacity and available technology as constrained
by the Design Envelope presented in this chapter.

4.2.5 Transmission technology

4.2.5.1 Hornsea Four may use HVAC or HVDC transmission or could use a combination of both
technologies in separate electrical systems. Hornsea Four is applying for both HVAC and
HVDC transmission to allow for suitable flexibility to ensure a low cost of energy to the UK
consumer and to facilitate successful completion of Hornsea Four in a competitive market.
If a combination of the two technologies is used, the total infrastructure installed will not
exceed the maximum values assessed within this project description.

4.2.6 Infrastructure design and design vision

4.2.6.1 The design of key Hornsea Four electrical infrastructure is captured in the Design Vision
Statement (A4.4.6), which incorporates the National Infrastructure Commission (2020)
Design Principles of Climate, People, Places and Value. The Design Vision Statement
provides an overview of the design process and captures the thinking on design which is
embedded at every step of Hornsea Four planning and DCO delivery. The Design Principles
ensure a good process leads to a good design outcome.

4.2.6.2 The Design Vision Statement (A4.4.6) helps to ensure sense of place is considered and
integrated throughout the design process and adverse environmental effects are mitigated
where possible whilst respecting landscape character. This is achieved through the
integration of locally inspired design principles and engineering  optimisation. Key design
considerations include the use of materials, colour and landscape treatments. The Design
Vision Statement brings not only greater visual mitigation as part of Hornsea Four, but also
integrates ecological (enhancement and mitigation) and amenity (PRoW and signage)
benefits.

4.3 Commitments

4.3.1.1 The Applicant has systematically identified impacts and effects (see A4.5.1: Impacts
Register) and taken into consideration mitigation measures that may be adopted to
reduce or eliminate environmental impacts (see A4.5.2: Commitments Register). These
mitigation measures include both avoidance, best practice and design commitments,
which are classified into primary or tertiary measures in accordance with the IEMA ‘Guide
to Shaping Quality Development’ (2015) definitions.

4.3.1.2 The Hornsea Four Project Description incorporates Primary (inherent) mitigations, which are
measures that form an intrinsic part of the design that are described in the design evolution
narrative e.g. reducing onshore substation development height to reduce visual impact.
These primary design commitments are summarised in Table 4.1.

Table 4.1: Commitments (primary (inherent), secondary and tertiary mitigations) which form an
intrinsic part of Hornsea Four.
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Commitment Description Purpose How it is secured

Co25 Primary: The onshore export cable corridor (inclusive of To minimise DCO Schedule 1,
the 400kV export cables) will be completely buried landscape and Part 1 Authorised
underground for its entire length. No overhead pylons will | visual effects Development
be installed as part of the consented works for Hornsea
Four.

Co27 Primary: Trees identified to be retained within as per the To minimise DCO Requirement
Onshore Crossing Schedule will be fenced off and worked | ecological 17 (Code of
around. Where works are required close to trees that will effects, to construction
remain in situ, techniques will be used to safequard the maintain local practice);
root protection zone. landscape and;

features. DCO Requirement
10 (Ecological
Management
Plan)

Co87 Primary: Proposed developable area has been selected To minimise DCO Schedule 1,
from the larger Hornsea Four Agreement for Lease (AfL) effects on Part 1 Authorised
area to avoid areas with the highest concentrations of ornithology. Development
birds (kittiwake, gannet and guillemot) that are more
likely to be displaced by the construction activities, and
birds that are more likely to fly at heights that brings
them within the rotor swept zone and hence at risk of
collision

Col45 Primary: Views of Beverley Minster from the A1079 will To minimise DCO Requirement
not be obstructed by the siting of the onshore substation, visual impacts 7 (Detailed design

upon users of approval onshore)
Beverley Minster.

Col50 Primary: A new temporary and permanent access for the To minimise DCO Requirement
onshore substation, and temporary construction access noise and dust 18 (Construction
for the onshore export cable corridor will be taken directly | effects uponthe | traffic
from the A1079, to route construction traffic away from local community | management
Cottingham and Dunswell. plan)

Col51 Primary: No above ground infrastructure associated with To minimise DCO Requirement
Hornsea Four will obstruct the view from St Mary's Church | visual impacts 7 (Detailed design
Cottingham to Beverley Minister through considered upon users of St approval onshore)
design of the OnSS and site selection. Mary's Church

and Beverley
Minster.

Col9l Secondary: The drainage design at the onshore substation | To maintain DCO Requirement
will include Sustainable Drainage System (SuDS) measures | existing 15 (Surface Water)
including filter drains, swales, attenuation and flow floodplain
control structures for the operational drainage of the capacity and / or
Onshore Substation. Surface water will be discharged flow conveyance
from the site at a controlled rate which will be during extreme
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Commitment Description Purpose How it is secured

determined during the detailed design stage. Appropriate | rainfall events
consideration will be given to maintaining the existing
floodplain capacity and / or flow conveyance during
extreme rainfall events. These principles are provided in
the Outline Onshore Infrastructure Drainage Strategy

with which the Onshore Infrastructure Drainage Strategy

will be developed.
Col92 Secondary: The beach at landfall will not be closed for To maintain DCO Requirement
public access during construction, unless an unforeseen public access 17 (Code of
and unplanned event occurs during which emergency construction
access is required. Details will be agreed through the practice)
approval of a Code of Construction Practice (CoCP) with
ERYC prior to construction of the connection works.
Co201 Gravity Base Structure (GBS) foundations will be utilised at | To reduce DCO Schedule 11,
a maximum of 110 foundation locations. The location of effects upon Part 2 - Condition
GBS foundations will be confirmed through a construction | physical 13(1(c)
method statement which will include details of environment (Construction
foundation installation methodology. receptors Method
Statement)
4.4 Consultation
4.41.1 Consultation is a key part of the DCO application process. Consultation regarding the
Project Description has been conducted through the Scoping Report (Orsted, 2018), section
42 consultation on the PEIR and consultation on the draft Report to Inform Appropriate
Assessment (RIAA) and via the Evidence Plan process (see Section 6.3: Evidence Plan
Process of Chapter 6: Consultation). An overview of the project consultation process is
presented within Chapter 6: Consultation.
4.4.1.2 A summary of the key issues raised during consultation specific to the Project Description

are outlined below in Table 4.2, together with how these issues have been considered in
the production of this ES. Consultation forms an integral part of Hornsea Four's Commit,
Consult, Design ethos. Key comments in relation to project design and where they are
addressed are also set out in Table 4.2.

Table 4.2: Consultation Responses.

Consultee Date, Comment Where addressed in the ES
Document,
Forum
Planning 26 The anticipated generating capacity of the wind Turbine capacity and Hornsea
Inspectorate November farm is not provided in the Scoping Report, and the | Four capacity are described in
Scoping description of the Proposed Development in Section 4.2.4.
Opinion. Chapter 3 does not state parameters for the
Al.4.
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Consultee Date, Comment Where addressed in the ES
Document,
Forum
generating capacity of turbines being considered. The relevant elements of the
The Applicant should adequately describe the proposed development, on
relevant elements of the technical capacity of the | which assessment has been
Proposed Development in the ES, on which the based are set out in the
assessment has been based. relevant Maximum Design
Scenario MDS) tables for each
receptor chapter.
Planning 26 The Scoping Report indicates that proposed The Electrical Balancing
Inspectorate November energy balancing equipment will be included Infrastructure (EBI) is
Scoping within parameters applicable to the proposed summarised in Section 4.5.6
Opinion. onshore substation. The Scoping Report includes and the maximum parameters
no further detail in regard to these features. The for this equipment are specified
ES should include more defined information with in Table 4.41.
regards to parameters applicable to such Reference to the proposed
equipment in order to provide confidence that any | capacity is set out in Paragraph
potential effects have been assessed in the ES. The | 4.2.4.2
Applicant should consider how this equipment
may affect the technical capacity of the Proposed
Development and ensure this is adequately
described in the ES.
Planning 26 The Scoping Report identifies that works toinstall | The locations of all HDDs are
Inspectorate November both onshore and offshore cables may comprise presented in A4.4.2: Onshore
Scoping either open-cut trenching or Horizontal Directional | Crossing Schedule.
Opinion. Drilling (HDD). The Inspectorate notes that details
of the extent and locations of these different The relevant Maximum Design
methods are yet to be determined and advises Scenario (MDS) tables for each
that the ES should describe the construction receptor chapter sets out the
techniques on which the assessment of significant construction techniques on
environmental effects has been based. which the assessment of
significant environmental
effects has been based.
Planning 26 The scoping boundary presented in the Scoping The design envelope for the
Inspectorate November Report is stated as containing any land proposed access for operation
Scoping requirements for the purposes of construction and | and maintenance on the Export
Opinion. operation, including construction compounds and Cable Corridor (ECC) are
HDD launch sites. The intention to include areas presented in Table 4.36 and for
for proposed access for operation and the Onshore Substation (OnSS)
maintenance in the Preliminary Environmental at Paragraph 4.10.2.7.
Information Report (PEIR)
and DCO application is noted from Table 4.1 of The relevant Maximum Design
the Scoping Report. The ES should provide Scenario MDS) tables for each
information on these elements in particular where receptor chapter sets out the
they are likely to be located, and how these construction technigues on
Al.4.
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Consultee Date, Comment Where addressed in the ES
Document,
Forum
elements have been considered within the which the assessment of
assessment of significant environmental effects. significant environmental
effects has been based.
Planning 26 Figure 3.7 of the Scoping Report provides an The construction programme
Inspectorate November indicative construction programme for the for Hornsea Four is presented in
Scoping Proposed Development. The Inspectorate Figure 4.4 and discussed in
Opinion. acknowledges that this information is currently at | Section 4.7.
a high level and lacks certain detail; however, the
ES should contain sufficient detail to support the
assessment and to enable consideration of the
temporal extent of impacts.
Planning 26 The Scoping Report provides outline information A full description of the nature
Inspectorate November on the operation and maintenance activities and scope of the operation and
Scoping considered at the scoping stage. The ES should maintenance activities,
Opinion. provide a full description of the nature and scope including the types of activity,
of these activities, including the types of activity, their frequency, and how works
their frequency, and how works will be carried out. | will be carried out is provided in
Section 4.11.
Natural 23 Natural England query why site preparation works | Site preparation and pre-
England September | have been omitted from the programme. These construction activities are
S42 works can have implications for various receptors described in Section 4.7. All
Response it is important to understand where this work is activities are listed in
to PEIR programmed (onshore and offshore), anticipated Paragraph 4.7.1.2. and
(1.2) timescales etc. programmed in Figure 4.4.
Natural 23 Natural England understands the need for See A4.4.9: Pro-rata seabed
England September | flexibility in scour protection, however it is not disturbance, seabed loss, spoil
S42 clear how the different MDSs have been creation and rock protection.
Response calculated based on specific parameters for the
to PEIR different foundation types. Natural England
(1.6) request that specific parameters for different
foundation types regarding scour protection are
defined and calculations are made clear so we can
easily understand the MDSs presented in this and
other chapters. Not knowing the parameters used
also means we cannot crosscheck calculations.
We have come across instances where MDSs have
been miscalculated (e.g. POINT 3.9).
Natural 23 This paragraph suggests that four piling vessels Clarification on the number of
England September | may be on site and piling simultaneously. This piling vessels and simultaneous
S42 appears to be inconsistent with Co85 which states | piling events is provided in
Response that no more than two foundations to be piled Paragraph 4.8.4.35.
to PEIR simultaneously.
Al.4.
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Consultee Date, Comment Where addressed in the ES
Document,
Forum
(1.12)
Natural 23 Natural England queries the maximum design Clarification on the
England September | scenario for cable protection of 10% of the total requirement for 10% cable
S42 cable length. It is stated in the text that this protection is provided in
Response requirement is due to tool failure and unforeseen Paragraphs 4.8.5.10 to
to PEIR ground conditions. Whilst NE accept that there will | 4.8.5.12.
(1.18) always be an element of uncertainty in ground 10% has been broadly
conditions, we would argue that this uncertainty accepted as an industry
can be significantly reduced through the standard for unforeseen ground
acquisition of data to establish baseline ground conditions in non-designated
conditions. sites. Where uncertainty is
reduced through future data
acquisition the volume can
subsequently be reduced at
these points in time.
Natural 23 Natural England notes that surveys undertaken Hornsea Four have committed
England September | over Summer 2019 will be used to determine if to HDD, or other trenchless
S42 HDD/trenching is preferred, however, given the technique, for the installation
Response eroding coastline and the importance of sediment | of cables at landfall (see A4.
to PEIR transport along this coastline in supporting a 5.2: Commitments Register)
(1.29) number of designated sites, NE do not consider
trenching is suitable at this location and request
that this option is ruled out of any further
consideration.
This request is in line with @rsted’s commitment to
avoid sensitive areas through the use of HDD
(Col).
Natural 23 There is a reference to the need for beach access Beach access requirements at
England September | but there is no information provided in relation to landfall are set out in
S42 this. Consideration should also be given to beach Paragraphs 4.9.1.7 and
Response access requirements during the O&M phase in 4.9.2.13 during the construction
to PEIR order for this to be fully assessed. phase.
(1.34) Beach access is not anticipated
to be required during the O&M
phase.
Marine 23 What is the justification for 8 cofferdams and The requirement for 8
Management September | Horizontal Directional Drilling (HDD) pits if only 6 cofferdams is to allow for
Organisation S42 export cables are being installed? potential failure of a maximum
Response of 2 HDDs due to unforeseen
to PEIR ground conditions and/or
(1.2.10) technicalissues.
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Consultee Date, Comment Where addressed in the ES
Document,
Forum
Marine 23 It is suggested that the cable crossing with Dogger | The crossing of the Dogger
Management September | Bank Export Cable Corridor (ECC) should be shifted | Bank ECC is detailed in
Organisation S42 east into deeper waters (>20m) as the volume of Paragraph 4.8.5.21 and
Response seabed preparation and cable protection on the presented graphically in
to PEIR flanks of Smithic Bank may impact its form and Figure 4.12.
(1.2.18) function. The crossing is formalised in
Commitment 1.89 (see A4. 5.2:
Commitments Register)

4.4.2 Project Design Changes from PEIR to DCO

4.4.2.1 Stakeholder consultation from PEIR to DCO has resulted in several material changes to the
project. In February to March 2020 the Applicant undertook an additional Targeted
Statutory Consultation under section 42 of the Planning Act 2008. The changes consulted
on comprised the addition of an alternative onshore ECC routing option at Lockington Carr
Cross, 34 minor amendments to the onshore ECC additional operational access rights.
These include:

14 changes to the ECC;

9 changes to the logistic compounds;

8 changes to temporary access tracks; and
3 changes to access points.

4.4.2.2 The locations for permanent access rights for the maintenance of the onshore export
cables were identified as part of the refinement of the design of the ECC.

Al.4.
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4.4.2.3 The Applicant is proposing to use 8 of the temporary construction accesses for access to
the link boxes during the operation phase (35 years). Approximately 3m of the proposed
10m wide construction accesses will be required to the link boxes of the ECC. No works are
associated with these operational access routes. The Applicant is proposing to use existing
accesses during operation, comprising existing farm access tracks and Public Right of Way
(PRoW). The accesses are required to access to the link boxes of the ECC for visual
inspection and testing. No works are anticipated in respect of these accesses. Only access
rights are being sought (see Section 4.10.1 and Figure 4.21 for access requirements).

4.4.2.4 In July to August 2020 the Applicant undertook a second additional Targeted Statutory
Consultation. The changes consulted on related to the OnSS access strategy. As a result of
feedback from the local community during statutory consultation on the PEIR,
construction and operation and maintenance access tracks had been removed from the
south of the OnSS site, with the previously identified OnSS construction access road off the
A1079 amended to be permanent.

4.42.5 In June to July 2021 the Applicant undertook a third additional Targeted Statutory
Consultation. The Targeted Consultation covered the existing construction access off the
Al64. A workshop was organised with ERYC to discuss the access point from the A164 to
the Hornsea Four cable corridor and the interaction between the Jock's Lodge Scheme and
Hornsea Four. As a result of feedback during the statutory consultation the existing
Hornsea Four construction access point was moved to the south. This request was made to
reduce the overall construction activity and the number of accesses taken off the A164.

4.5 Hornsea Four project location

4.5.1.1 The location of Hornsea Four is delineated on Figure 4.1 and Figure 4.2 and consists of the:

e Hornsea Four array area: This is where the offshore wind generating station will be
located, which will include the turbines, array cables, offshore accommodation
platform and a range of offshore substations as well as offshore interconnector cables
and export cables;

e Hornsea Four offshore export cable corridor: This is where the permanent offshore
electrical infrastructure (offshore export cable(s), as well as the offshore HVAC booster
station(s) (if required), will be located;

e Hornsea Four intertidal area: This is the area between Mean High Water Springs
(MHWS) and Mean Low Water Springs (MLWS) through which all of the offshore export
cables will be installed;

e Hornsea Four onshore export cable corridor: This is where the permanent onshore
electrical cable infrastructure will be located; and

e Hornsea Four onshore substation, including energy balancing infrastructure. This is
where the permanent onshore electrical substation infrastructure (onshore HVDC
converter/HVAC substation, energy balancing infrastructure and connections to the
National Grid) will be located.

Al.4.
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4.5.1.2 The location of all aspects of Hornsea Four are presented graphically in the Location
Plan(s) (Volume D1, Annexes 1.1, 1.2 and 1.3) and Works Plans (Volume D1, Annexes 4.1
and 4.2). The following sections of this project description describe the physical
environment of these areas.

4.5.2 HornseaFour array area

4.5.2.1 The Hornsea Four array area is approximately 69 km due east of Flamborough Head, at its
closest point and adjacent to Hornsea Project Two on the eastern boundary. Water
depths generally vary from around 30 m below Chart Datum (CD) in the south of the
Hornsea Four array area to more than 60 m below CD in the north, although the greatest
depths are on the north-eastern flank which shelves into Outer Silver Pit. Sandwaves are
present within the Hornsea Four array areq, particularly across the north western corner
and also along the southern margin. Surficial sediments across the Hornsea Four array
area are typically sandy material with small amounts of gravel and muds. The main
exception is along the southern boundary where there is a slightly higher percentage of
gravels and a coarser substrate described as slightly gravelly sand.

453 Hornsea Four offshore export cable corridor

4.5.3.1 Depths across the Hornsea Four offshore export cable corridor are relatively similar to the
Hornsea Four array area until closer to the coastline. Sediments across the Hornsea Four
offshore Export Cable Corridor show an increasing gravel content towards the coast,
transiting from the sandy Hornsea Four array area into slightly gravelly sand, gravelly sand
to sandy gravel. The beach at landfall, south of Bridlington, itself is a thin veneer of sand
over rock.

4.5.4 Hornsea Four onshore export cable corridor

4.5.4.1 Cables connecting the landfall first to the onshore substation and then on to the National
Crid substation at Creyke Beck. Where possible and practical, less intrusive construction
methods will be adopted for example by using HDD to cross environmentally sensitive
water courses, major roadways and railways. Cables will be delivered in sections and
buried in trenches, which will subsequently be reinstated to pre-existing condition as far as
reasonably practical. Sections will be connected within jointing bays.

4.5.5 Hornsea Four onshore substation

4.5.5.1 The onshore substation will be located as close as practical to the National Crid Energy
Transmission (NGET) substation at Creyke Beck and will include all necessary electrical
plant to meet the requirements of the National Grid. The onshore substation contains the
electrical components for transforming the power supplied from the wind farm to 400 kV
and to adjust the power quality and power factor, as required to meet the UK Grid Code
for supply to the National Grid.

Al.4.

Version C Page 20/129



Hornsea 4 Orsted

4.5.5.2 AA4. 4.6: Design Vision Statement provides the design vision for the onshore substation. The
final design of the substation electrical infrastructure will be agreed in writing with East
Riding of Yorkshire Council (ERYC) as set out in Volume F2, Annex 13: Outline Design Plan.

4.5.6 Hornsea Four energy balancing infrastructure

4.5.6.1 Hornsea Four will incorporate Energy Balancing Infrastructure (EBI) to provide valuable
services to the whole energy system; such as importing, storing and exporting energy or
converting to other energy sources to meet the grid needs, improve stability and reliability
and support the UK's transition to NetZero. Because the way the UK produces and uses
electricity is changing at an increasingly accelerated rate, traditional methods used to
operate our electricity networks also need to change. Energy balancing equipment such as
energy storage is therefore becoming increasingly widespread to effectively and cost
efficiently balance the supply and demand of electricity within the electrical transmission
network, thus improving the overall performance and utilisation of renewable energy
generation and its interaction with the grid. Further, Offshore Wind will pay a key role in
helping to decarbonise other sectors; for instance, industry and heating networks, by using

Power to Gas technologies-such-as-etectrobysisto-produceHydrogen, replacing other fuels

or feedstocks reliant upon Natural Gas.

4.5.6.2 EBI will comprise of any (or a combination of) the following: energy storage technology
such as batteries or a more suitable alternative, energy conversion technology such as
power converters, hy ysi i Hew e—vessets—and
control systems, balance of plant equipment such as transformers and switchgear and
cables to connect it to the substation. [fershere it may be constructed in 2 parts on either
side of the substation to maximise availability by ensuring one part is always running even
if the other is undergoing maintenance, with the exact configuration determined post-
consent.

4.5.6.3 EBIis proposed to be housed in single or multiple building(s), several containers, in an open
yard or a combination of the above. All energy balancing equipment will be housed wholly
within the footprint of the onshore—er—effshore substations (see Figure 4.23). The final
design of the EBI will be agreed in writing with East Riding of Yorkshire Council (ERYC) as set
out in F2.13: Outline Design Plan.
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Hornsea Four
Figure 4.1
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Figure 4.1: Offshore Location of Hornsea Four.
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Project Infrastructure Overview

Hornsea Four will comprise of wind turbine generators and all infrastructure required to
transmit the power generated by the turbines to the Creyke Beck NGET substation, which
is located near Cottingham, Humberside (see Figure 4.2). It will also comprise of any
offshore infrastructure required to operate and maintain the wind farm, such as wave
buoys and FLIDAR.

Hornsea Four will have a maximum of 180 wind turbine generators. These will be
connected to offshore substations via array cables, and then to offshore export cables. Up
to six offshore export cables will transfer power from the Hornsea Four array area to the
landfall.

At landfall, the offshore export cables will be joined to onshore export cables at transition
joint bays. There will be up to 18 onshore export cables buried in up to six trenches
connecting to an onshore substation to allow the power to be transferred to the National
Grid via the existing Creyke Beck NGET substation.

Hornsea Four may use HVAC or HVDC transmission or could use a combination of both
technologies in separate electrical systems. If a combination of the two technologies is
used, the total infrastructure installed will not exceed the maximum values assessed within
this ES.

Hornsea Four is also applying for Energy Balancing Infrastructure (EBI) in relation to the
onshore or offshore HVDC converter or HVAC substations. The EBI would have the
capability of balancing energy for the windfarm to buffer forecasted production with
actual production and matching with consumption needs reducing the reliance on energy
produced from gas-fired power plants that is currently the main source of balancing
energy. Please refer to Chapter 2: Planning and Policy Context for more details on the
need for the EBI.

Table 4.3 lists the key components of Hornsea Four and the links within this chapter to
their descriptions. Figure 4.3 show schematic representations of Hornsea Four for both the
HVDC and HVAC configurations.
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Table 4.3: Main components of Hornsea Four.

Orsted

Component Maximum number / length / area Section
Wind turbine generators 180 48.1
Offshore transformer substations 6 4.8.2
Offshore HVAC booster station (HVAC only) 3 4.8.2
Offshore HVDC converter substation (HVDC only) 3 4.8.2
Offshore accommodation platform 1 4.8.3

Offshore HVDC converter substation(s) are mutually exclusive with HVAC booster station(s) in a single transmission

system. Therefore, these two figures should not be combined in the total number. The maximum number of structures

within the Hornsea Four array areais 190 (i.e. 180 turbines, one accommodation platform, 6 offshore transformer

substations and 3 offshore HVDC converter substations).

Foundations (for wind turbine generators, Offshore n/a 4.8.4
transformer substations, Offshore HVAC booster

station or Offshore HVDC converter substation

and offshore accommodation platform)

Array cables linking wind turbine generators to 600 km 4.8.5
offshore transformer substations

Offshore interconnector cable(s) 90 km 4.8.5
Offshore export cables 654 km 48.5
Scour protection (for foundations and cables) n/a 4.8.4and 4.8.5
Landfall n/a (0]
Onshore export cable corridor (including 39 km 4.10
connection to existing national Grid Substation)

Temporary logistics compounds, including storage 8 4.10
areas

Permanent and temporary access roads n/a 4.10
Onshore HVAC substation (HVAC only) 4.10.2
Onshore HVDC converter substation (HVDC only) 4.10.2
Energy Balancing Infrastructure 4.10.3
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Main components of HVDC transmission system
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Figure 4.3: Main components of Hornsea Four (indicative only).

4.7 Project Construction Programme

4.7.1.1 An indicative construction programme for Hornsea Four is presented in Figure 4.4. The
programme illustrates the likely duration of the major installation elements, and how they
may relate to one another in the construction campaign. It covers installation of the major
components and does not include elements such as preliminary site preparation and
commissioning of Hornsea Four post-construction. The earliest possible date that Onshore
construction could commence is January 2024. The maximum total construction duration
(onshore and offshore) is five years and one month (61 months).
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Figure 4.4: Indicative construction programme for Hornsea Four.

The indicative offshore activities that will be carried out during the pre-construction phase

e Demarcation and installation of buoys;

o Boulder removal/placement;

e Sandwave removal;

o UXO clearance;

e Installation of scour protection;

o Dredging and pre-trenching activities;

o Pre-Lay Grapnel Run (PLGR);

o Seabed excavation; and

e  Other non-impact piling construction activities.

The indicative onshore activities that will be carried out during the pre-construction phase

e Ground investigations;

e Soil surveys;

e Archaeological investigations;

o Hedgerow removal and vegetation clearance; and
¢ Drainage management.

47.1.2

include:
4713

include:
Al.4.
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4.8 Offshore Infrastructure Construction

48.1 Wind turbines

Design

4.8.1.1 Hornsea Four may construct up to 180 wind turbine generators. A range of wind turbine
generator models will be considered; however, they will follow the traditional wind turbine
generators design with three blades and a horizontal rotor axis. The blades will be
connected to a central hub, forming a rotor which turns a shaft connected to the
generator or gearbox (if required). The generator and gearbox will be located within a
containing structure known as the nacelle situated adjacent to the rotor hub. The nacelle
will be supported by a tower structure affixed to the transition piece or foundation. The
nacelle will be able to rotate or 'yaw’ on the vertical axis in order to face the oncoming
wind direction.

4.8.1.2 The maximum design scenario for the Hornsea Four wind turbine generators is shown in
Table 4.4.

Table 4.4: Maximum Design Scenario: Wind Turbine Generators.

Parameters Design Envelope
Maximum number of wind turbine generators 180
Minimum height of lowest blade tip above LAT (m) 42.43m
Maximum blade tip height above LAT (m) 370m
Maximum rotor blade diameter (m) 305m

4.8.1.3 Anillustration of this design can be seen in Figure 4.5.
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Maximum rotor blade diameter: 305m

Blade

. Maximum blade
: tip height: 370m

—— Tower

A

Transition - Minimum blade tip height:
plece = 42.43m (40m above Mean 5ea Level, M5L)

Lowaest Astronomical Tide (LAT)

Figure 4.5: Overview of a Typical Wind Turbine Generator (indicative only).

4.8.1.4 The wind turbine generators may be accessed either from a vessel via a boat landing or a
stabilised gangway via the foundation or transition piece, or by hoisting from a helicopter
to a heli-hoist platform on the nacelle. Any helicopter access would be designed in
accordance with relevant Civil Aviation Authority (CAA) guidance and standards.

Installation
4.8.1.5 Generally, turbines are installed using the following process:

e Wind turbine generators (WTGs) are installed upon their respective foundation type (see
Section 4.8.4);

¢ WTG components (blades, nacelles, and towers) are picked up from a port. This vessel
will typically be a JUV to ensure a stable platform for installation vessels when on site.
JUVs are assumed to have up to six legs with an average spudcan area of 170 m? per
foot. In general, the JUV will carry components for several turbines during on single trip;

e The installation vessel will then transit to the Hornsea Four array area and the
components will be lifted onto the existing transition piece or foundation substructure,
by the crane on the installation vessel. Each wind turbine generator will be assembled
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on site in this fashion with technicians fastening components together as they are lifted
into place. The exact methodology for the assembly is dependent on wind turbine
generator type and installation contractor, and will be defined in the pre-construction
phase after grant of consent; or

¢ Alternatively, the wind turbine generator components may be loaded onto barges or
dedicated transport vessels at port and installed as above by an installation vessel that
remains on site throughout the installation campaign.

4.8.1.6 The total duration of the impact piling component of the installation campaign for wind
turbine generator foundations is expected to be a maximum of 12 months with the
installation of the transition piece, tower, nacelle and blades taking 24 months maximum.

4.8.1.7 Each installation vessel or barge may be assisted by a range of support and transport
vessels. These are typically smaller vessels that may be tugs, guard vessels, anchor
handling vessels, or similar. These vessels will primarily make the same movements to,
from and around the Hornsea Four array area as the installation vessels they are
supporting.

4.8.1.8 For the purposes of the EIA, assumptions have been made on the maximum number of
vessels and helicopters and the number of return trips to the Hornsea Four array area from
port/airfield that are required throughout construction. These are shown in Table 4.28.
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4.8.2 Offshore Substations

4.8.2,.1 Offshore substations are offshore structures housing electrical equipment to provide a
range of functions, such as changing the voltage (transformer substations), current type
(converter substations) or power factor of the power (offshore HVAC booster stations).
Each of the different offshore substation types are detailed below.

Offshore transformer substations

4.8.2.2 One or more offshore transformer substations will collect the electricity generated by the
wind turbine generators via the array cables. The voltage will be "stepped up" by
transformers on the substation before transmission onshore by export cables; this will be
via the offshore HVDC converter substation in the case of the HVDC transmission option, or
the offshore HVAC booster station(s) in the case of the HVAC transmission option.

4.8.2.3 Either six separate offshore transformer substations are required if they are built in small
size and up to three separate offshore transformer substations are required if they are built
in large size. All offshore transformer substations will be in the Hornsea Four array area.

Design

4.8.2.4 The offshore transformer substations will comprise a platform with one or more decks, and
helicopter platform, attached to the seabed by means of a foundation, containing
equipment required to switch and transform electricity generated at the wind turbine
generators. They may also house auxiliary equipment and facilities for operating,
maintaining, controlling the substation and to access the substation by vessels and
helicopters. Where helidecks are installed a bird detection / deterrent system may be
fitted to prevent HSE risks associated with the unwanted build-up of bird guano on the
helideck. Accommodation, storage, workshop and logistic facilities for operating and
maintaining the wind turbine generators may also be included, such as LIiDAR. It may also
be beneficial to site multiple differing substations (transformer and convertor), or
substation and offshore accommodation platform next to each other so that access can
be gained from one to the other. In this case a bridge link may be constructed at deck
level, with a length of up to 100 m. See Figure 4.6 for an example of an Offshore
substation.
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Figure 4.6: Offshore substations at Gode Wind offshore wind farm.

4.8.2.5 The maximum design parameters for offshore transformer substations are presented in
Table 4.5 and a schematic of an offshore transformer substation is presented in Figure 4.7.

Table 4.5: Maximum design parameters for offshore transformer substations.

Maximum design parameters

Parameter

Small Large
Number of offshore transformer substations 6 3
Topside — including ancillary structure length (m) 100 180
Topside — including ancillary structure width (m) 100 90
Topside — main structure length (m) 90 180
Topside — main structure width (m) 90 90
Topside - height (including auxiliary structures, such as helipad, crane, 100 100
lightning protection, however excluding antennae, radar and masts) (m LAT)
Topside thickness (from topside to upper level of foundation) (m) 30 40
Topside - area (m?) 10,000 16,200
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maximum width: 180m
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+ lightning protection:
. 100m above LAT

Lowest Astronomical Tide (LAT)

Figure 4.7: Schematic of a large offshore transformer substation (indicative only).
Installation

4.8.2.6 Offshore transformer substations are generally installed in two stages, firstly the
foundation will be installed as described in Section 4.8.4, secondly the topside will be lifted
from a transport vessel/barge, onto the foundation. The foundation and topside may be
transported on the same transport vessel/barge, or separately. The foundation may also
be transported by the installation vessel.

4.8.2.7 The vessel requirements for installation of the offshore transformer substations are shown
in Table 4.28.
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Offshore HVDC converter substation (HVDC only)

4.8,2.8 Offshore HVDC converter substations are required in HVDC transmission systems only.
Offshore HVDC converter substations convert the three-phase AC power generated at the
turbines into DC power. The power is then transmitted to the onshore substation via the
export cables.

Design

4.8.2.9 As for the offshore transformer substations, the offshore HVDC converter substation unit is
pre-fabricated in the form of a multi-layered cube. All offshore HVDC convertor
substations will be located in the Hornsea Four array area.

4.8.2.10 The maximum design parameters for offshore HVDC converter substations would be as per
the offshore transformer substations with small or large options (see Table 4.5). The
design approach for offshore HVDC converter substations may move towards multiple
smaller units (e.g. three small units), rather than fewer large units (e.g. one or two large
units). However, the total number of offshore transformer substations would be up to six,
with up to three offshore HVDC converter substations. The maximum number of
substations will therefore not exceed nine in total.

Installation

4.8.2.11 Dependent on the design of the offshore HVDC converter substations, installation may be
as for the offshore transformer substations, alternatively a ‘float-over’ installation may be
used. This type of installation, usually used with gravity base structures (GBS), is similar to
that described in Table 4.13. The vessel requirements for installation of the offshore HVDC
converter substations are shown in Table 4.28.

Offshore HVAC booster station(s) (HVAC only)

4.8.2.12 Long distance, large capacity HVAC transmission systems require reactive compensation
equipment to reduce the reactive power generated by the capacitance of the offshore
export cable in order to allow the power delivered to the National Grid to be useable. The
electrical equipment required to provide the reactive compensation, in the form of an
HVAC booster station, will be located on an offshore platform.

4.8.2.13 The Offshore HVAC booster station(s) would be located in the Hornsea Four offshore
export cable corridor, rather than in the Hornsea Four array area. For the purposes of the
ES, an area approximately half-way along the Hornsea Four cable corridor (offshore and
onshore) has been identified as the offshore HVAC booster station location search area
(see Figure 4.1). This area has been chosen based on preliminary electrical design studies.

4.8.2.14 The final location of the offshore HVAC booster station(s) within the identified search area
will be defined in the detailed design stage, post consent. The siting will take into account
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final electrical design, water depth, ground conditions, marine traffic, proximity to shore,
other existing/planned offshore infrastructure and other engineering and economic factors.

Surface HVAC booster station(s)

4.8.2.15 The external design of an offshore surface HVAC booster station will be very similar to the
offshore transformer substations described above. These will comprise a platform with one
or more decks, and helicopter platform. They will contain equipment required to provide
reactive power compensation and housing auxiliary equipment and facilities for operating,
maintaining, controlling the substation and to access the substation by vessels and
helicopters.

4.8.2.16 The maximum number of offshore surface HVAC booster station(s) would be three. The
maximum design parameters for offshore surface HVAC booster station(s) would be as per
the small offshore transformer substations presented in Table 4.5, the only difference being
that the maximum topside height includes antennae and masts. Installation will be as for
the offshore transformer substations. The vessel requirements for installation of the
offshore surface HVAC booster stations, as well as all other offshore substations, are
shown in are shown in Table 4.28.

4.8.3 Offshore accommodation platforms

4.8.3.1 Hornsea Four may construct one offshore accommodation platform to allow up to 150
operations staff to be housed at the Hornsea Four array area for several weeks at a time,
and to allow spares and tools to be stored at the Hornsea Four array area. This aims to
reduce trips to the Hornsea Four array area and time spent in transit and decreases down
time for faults and repairs. The accommodation platform will be located within the
Hornsea Four array area. The offshore accommodation platform would be accessed by
vessel and/or helicopter and may have associated captive vessels to access the turbines
and substations. An illustrative example of an offshore accommodation platform adjacent
to an offshore substation can be seen in Figure 4.8.
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Topside
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Jacket on
a GBS
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Maximum length and width: 60m

Gangway
Maximum
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length: 100m

Jacket on

a GBS

Accommodation

Figure 4.8: Offshore accommodation platform (64m above LAT), sited next to an offshore
substation (left) (indicative only).
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4.8.3.2 Offshore accommodation platform comprises of a platform with one or more decks and
helicopter platform, attached to the seabed by means of a foundation. Where helidecks
are installed a bird detection / deterrent system may be fitted to prevent HSE risks
associated with the unwanted build-up of bird guano on the helideck. The offshore
accommodation platform will contain accommodation, storage, workshop and logistic
facilities for operating and maintaining the wind turbine generators and housing auxiliary
equipment, facilities for operating, maintaining and controlling the substation and to
access the substation by vessels and helicopters. The offshore accommodation platform
may also be co-sited with offshore substations, including bridge access (bridge link)

between the two platforms.

The maximum design parameters for the offshore
accommodation platform are presentedin Table 4.6.

Table 4.6: Maximum design parameters for offshore accommodation platform.

Parameter Maximum design parameters
Number 1

Length and width (m) 60

Main structure height above LAT (m) 60

Ancillary structure height (helideck) above LAT (m) 64

Maximum bridge link length (m) 100

Maximum bridge link height (m) 25

Installation

4.8.3.3 The installation procedure would be as described for the offshore transformer substations
in Section 4.8.2. The vessel requirements for this process are presented in Table 4.28.

48.4 Foundations

4841 The wind turbines generators, offshore substation(s) and offshore accommodation
platform are attached to the seabed by foundation structures (Figure 4.9). The foundation
types that are being considered for Hornsea Four, the range is presented in Table 4.7.
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Table 4.7: Foundation options for turbines and offshore structures.

Orsted

Turbine Offshore Offshore HVDC Offshore HVAC Offshore
transformer converter booster station accommodation
substation substation/ (located within platform
(Small size) HVAC ECC not within
substation the Hornsea
Four Array)
Maximum 180 6 3 3 1
number of
structures
Monopile Y Y Y Y Y
Mono suction Y Y Y Y Y
bucket
Piled jacket Y Y Y Y Y
(WTG type)
Gravity base Y* Y Y Y Y
structure
foundation (WTG
type)
Box-type gravity N Y Y Y Y
base
Suction bucket Y Y Y Y Y
jacket (WTG
type)
Suction bucket N Y Y Y Y
jacket (Small
OSS)
Piled jacket N Y Y Y Y
(Small OSS)
Piled jacket N N Y N N
(Large OSS)
Suction bucket N N Y N N
jacket (Large
OSS)
Box-type gravity N N Y N N
base (Large OSS)
Pontoon GBS N N Y N N
type 1
Pontoon GBS N N Y N N
type 2

*|f GBS FOU (WTG type) are used, only 110 of a possible 180 positions will be constructed.
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4.8.4.2

4.8.4.3

Al.4.
Version C

Figure 4.9 presents an overview of the different types of foundation (Insets A, B and C
relate to WTG and D, E and F to all other electrical infrastructure). Inset A and D presents
the key maximum design parameters for foundations. Inset B and E presents an aerial plan
view of the maximum design scenario for temporary disturbance and permanent seabed
take, for all electrical infrastructure foundation types. Inset C and F presents graphically
the foundation types being considered by Hornsea Four for all locations at ES. .

The technical feasibility of the foundation types is currently being considered via the
development of a ground model and driveability assessments which are informed by the
acquisition of geotechnical survey in Q2 2020 and Q1 2021. The exact foundation type will
be chosen upon consent, technical and commercial considerations.

Orsted
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Key Parameters

o 53m Diameter

. 5000 kJ Hommer

' Max 180 WTG
foundations

Key Parameters

53m Diameter
93m Diometer Scour
Protection Footprint

500m Diometer Viessel
Working Area

Key Parameters

150m x 150m
250m x 250m Scour
Protection Footprint

500m Diameter Viessel
Working Area

Madmum number of legs: 8 . Maodmum number of legs: 8
Madmum leg diameter: 4.0m . Maximum leg diameter: 30m
Maximum number of piles per . No piting required

150m x 150m
Foundation Footprint
No pling required

Figure 4.9: Foundation types (indicative only).
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Description of foundation types

Monopile

4.8.4.4 Monopile foundations typically consist of a single steel tubular section, consisting of a
number of sections of rolled steel plate welded together. A transition piece, if required, is
fitted over, or is integral to, the monopile and secured via bolts or grout. The transition
piece may include boat landing features, ladders, a crane, and other ancillary components
(such as radar) as well as a flange for connection to the turbine tower. The transition piece
is usually painted yellow and marked per relevant regulatory guidance and may be
installed separately following the monopile installation. The maximum design dimensions
of the monopile foundations can be seenin Table 4.8.

Table 4.8: Maximum design parameters for monopiles.

Parameter Maximum design parameters
Number of piles 1

Diameter of monopile at seabed (m) 15

Diameter of monopile at sea surface (m) 15

Typical embedment depth (below seabed) (m) 40

Maximum impact hammer energy (kJ) 5,000

Piled jacket foundations

4.8.4.5 Piled jacket foundations are formed of a steel lattice construction (comprising tubular steel
members and welded joints) secured to the seabed by hollow steel pin piles attached to
the jacket feet. Unlike monopiles, there the transition piece and ancillary structure is
fabricated as an integrated part of the jacket. Pin piles will typically have a smaller
diameter than monopiles.

4.8.4.6 Larger jackets may be required for offshore substations or the offshore accommodation
platform. These would have more legs and may also require the use of mud-mats, which
are flat plates attached to the bottom of the jacket legs to support the foundation
structure before piles are installed (if piles are installed after the jacket). The offshore
HVDC converter substations / Large offshore HVAC substations could each be supported
by four jacket structures, or a single larger jacket.

4.8.4,7 The maximum design scenario for jacket foundations with pin piles is shown in Table 4.9.
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Table 4.9: Maximum design parameters for piled jacket foundation.

Orsted

Maximum design parameters
Parameter WTG type Small substation Large substation
Number of legs per jacket 3 6 8
foundation
Piles per leg 1 4 2
Max number of piles per 3 16* 16
foundation
Separation of adjacent 45 70 100
legs at seabed level (m)
Platform height above sea 40
level (LAT) (m)
Separation of adjacent 25 70 100
legs at LAT (m)
Leg diameter (m) 4.6 5 4.6
Pin pile diameter (m) 4 3.5 3.5
Typical embedment depth 70 100 100
(below seabed)
Hammer energy (kJ) 3,000 3,000 3,000
Mud-mats footprint (m?) n/a 100 400

* Up to 4 piles per corner. Maximum permutation of 4 corners x 4 piles/corner = 16 piles (average number of piles). #f-a

Gravity base structure (GBS) foundations

4.8.4.8 GBS foundations are heavy steel, concrete, or steel and concrete structures, sometimes
including additional ballast, that sit on the seabed to support the turbine tower (Figure
4.9). Gravity bases vary in shape but are significantly wider at the base (at seabed level) to
provide support and stability to the structure. They then generally taper to a smaller width
at or below seabed level. The maximum design scenario for GBS is presented in

4.8.4.9

4.8.4.10 Table 4.10. Should GBS used for WTG positions a maximum of 110 structures would be
used.

Table 4.10: Maximum design parameters for WTG type GBS foundations.
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Parameter Maximum design parameter*
External diameter at seabed (excluding scour protection) (m) 53
External diameter at LAT (m) 15
Seabed preparation diameter (m) 69
Scour protection diameter (m) 93

*|f GBS FOU (WTG type) are used, only 110 of a possible 180 positions will be constructed.

Suction bucket jacket foundations

4.8.4.11 Suction bucket jacket foundations are formed with a steel lattice construction (comprising
tubular steel members and welded joints) fixed to the seabed by suction buckets installed
below each leg of the jacket. The suction buckets are typically hollow steel cylinders,
capped at the upper end, which are fitted underneath the legs of the jacket structure. They
do not require a hammer or drill for installation. As with piled jacket foundations, there is
no separate transition piece. The maximum design parameters for jacket foundations with
suction buckets are presented in Table 4.11.

Table 4.11: Maximum design parameters for suction bucket with jacket foundations.

Maximum design parameter

Parameter WTG type Small substation Large substation
Number of legs per jacket foundation 3 6 8
Separation of adjacent legs at seabed level (m) 45 70 100
Separation of adjacent legs at LAT (m) 25 70 100
Suction bucket diameter (m) 20 25 30
Suction bucket height above seabed (m) 5 5 5
Typical embedment depth (below seabed) 20 25 30
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Mono-suction bucket foundations

4.8.4.12 A mono suction bucket consists of a single suction bucket supporting a single steel or
concrete structure, which supports the wind turbine. As with the jacket structures and
suction bucket foundations, this foundation type does not require a transition piece to be
installed offshore. The maximum design parameters for mono suction bucket foundations
are presented in Table 4.12,

Table 4.12: Maximum design parameters for mono suction bucket.

Parameter Maximum design parameters
Suction bucket diameter (m) 40
Suction bucket height above seabed (m) 10
Typical embedment depth (below seabed) 20

Box-type gravity base structure (GBS) foundations

4.8.4.13 GBS Box-type foundations will only be used for the support of offshore
transformer/convertor substations, HVAC booster stations and accommodation platforms.
They will not be used for WTG foundations. GBS foundations are heavy steel, concrete, or
steel and concrete structures, sometimes including additional ballast, that sit on the
seabed to support structure. Gravity bases vary in shape but are normally significantly
wider at the base (at seabed level) to provide support and stability to the structure. They
then generally taper to a smaller width at or below seabed level. The Box type GBS
foundation has a square base that supports the steel or concrete supporting structure for
the substation topsides. The maximum design parameters for the box type GBS foundation
are presented in Table 4.13.

Table 4.13: Maximum design parameters for box type gravity base structure (GBS) foundations.

Parameter Maximum design parameter
Length and width at seabed level (m) 150

Area on seabed (m?) 22,500m?

Length and width at LAT (m) 150

Seabed preparation buffer around base (m) 50

GBS Height (relative to LAT) (m) -1

Seabed preparation depth (m) 5

Al.4.

Version C Page 44/129



Hornsea 4

Pontoon gravity base structure (GBS) foundations

Orsted

4.8.4.14 This foundation type is a variant of the GBS foundation, however rather than having a
single unit base, this type of foundation has several pontoons or an open rectangular
pontoon that support the steel or concrete supporting structure for the substation topside.
The parameters for the pontoon gravity base are presented in Table 4.14.

Table 4.14: Maximum design parameters for pontoon gravity base.

Maximum design parameter

Parameter Type 1 Type 2 (open rectangle)
Number of pontoons per platform 2 1

Pontoon length (m) 170 120

Pontoon width (m) 35 120

Pontoon area m? (per structure) 11,900 11,900
Pontoon spacing (m) 36 -

Pontoon base width (m) 90 -

Foundation installation

4.8.4.15 Table 4.15 summarises the steps required for installation for each of the foundation types.
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Table 4.15: Foundation installation summary.

Orsted

Foundation type

Monopile Piled jacket

Mono-suction
bucket

Suction bucket Gravity base (all types)

jacket

Site
preparation
(also see below)

Usually minimal. If preconstruction surveys show the presence of
boulders or other seabed obstructions at foundation locations,

these may be removed if the foundation cannot be microsited.

As well as boulder and obstruction removal this foundation type may also
require some seabed levelling, to ensure that all of the buckets / gravity bases
for each structure can be placed at the same level. The suction buckets needs
to have level ground beneath to form a sealed chamber within each bucket
once the foundation has been lowered to the seabed.

Transport to
site

Either on the installation vessel (either JUV or Dynamic Positioning Vessel (DPV)), or on feeder barges.

Brought to site on barges or
installation vessels or alternatively
they can be floated to site.
Structures designed to be buoyant
and towed them to site using tugs.

Installation

gripper on the side of the
installation vessel;

e Lift hammer onto monopile
and drive monopile into
seabed to required
embedment depth;

e Lift hammer from monopile
and remove pile gripper;

e Lift transition piece onto
monopile; and

e Secure transition piece.

Where conventional piling is
unable to achieve necessary pile
penetration, additional methods

may be used (e.g drilling, water

Lift monopile into the pile .

Piling template placed on
seabed;

e Pilesinstalled; and

e Jacket lowered onto piles

OR

e Jacket lowered onto

seabed; and

e Pilesinstalled

Pin piles are driven, drilled or
vibrated into the seabed.

Jacket lowered onto seabed;

Water pumped from bucket(s); and
At desired depth, the pump is turned
off

Foundations lowered to the seabed
in a controlled manner either by
pumping in water, or installation of
ballast (or both).
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Foundation type

Monopile

Piled jacket

Suction bucket

jacket

Mono-suction
bucket

Gravity base (all types)

jetting, vibro-piling and/or
electro-osmosis).

Finalisation Transition piece bolted or As the there is no separate A thin layer of grout is injected under None

grouted to the monopile (if transition piece, there is no each bucket to fill the air gap and

required). The grout used is an requirement for installing an ensure contact between the soil within

inert cement mix that is pumped | additional structure offshore. the bucket, and the top of the bucket

into a specially designed space itself. As there is no separate transition

between the transition piece and piece, there is no requirement for

the monopile. installing an additional structure

offshore.

Vessels The full vessel requirements for installation of foundations are shown in Table 4.28.
Installation 4 2
vessels
Support vessels 16 12
Transport 10 4
vessels (barges)
Transport 30 0

vessels (tugs)
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Seabed preparation

4.8.4.16 Some form of seabed preparation may be required for each foundation type (see Table
4.15). Seabed preparations may include seabed levelling and removing surface and
subsurface debris such as (for example) boulders, lost fishing nets or lost anchors. If debris is
present below the seabed surface, then excavation may be required for access and
removal.

4.8.4.17 Gravity base, suction bucket jacket and mono-suction bucket foundations need to be
placed in pre-prepared areas of seabed. Seabed preparation would involve levelling and
dredging of the soft mobile sediments as required, as well as any boulder and obstruction
removal. Unexploded ordinance (UXO), boulder and sandwave clearance for foundations
are further discussed in Section 4.8.8.

4.8.4.18 It is likely that dredging would be required if using the GBS foundations. If dredging is
required it would be carried out by dredging vessels using suction hoppers or similar, and
the spoil would be deposited on site adjacent to the turbine locations. In some cases, it
may be required to place a layer of gravel on the seabed prior to installation of GBS
foundations.

Scour protection

4.8.4,19 Scour protection is designed to prevent foundation structures for turbines, offshore
substations and offshore accommodation platform, being undermined by hydrodynamic
and sedimentary processes, resulting in seabed erosion and subsequent scour hole
formation. The shape of the foundation structure is an important parameter influencing the
potential depth of scour hole formation. Scour around foundations is typically mitigated by
the use of scour protection measures. Several types of scour protection exist, including
mattress protection, sand bags, stone bags and frond mats. However, the placement of
large quantities of crushed rock around the base of the foundation structure is the most
frequently used solution ('rock placement’).

4.8.4.20 The preferred scour protection solution may comprise a rock armour layer resting on a
filter layer of smaller graded rocks. The filter layer can either be installed before the
foundation is installed or afterwards. Alternatively, by using heavier rock material with a
wider gradation, it is possible to avoid using a filter layer and pre-install a single layer of
scour protection.

4.8.4.21 The amount of scour protection required will vary for the different foundation types being
considered for Hornsea Four. Flexibility in scour protection choice is required to ensure that
anticipated changes in available technology and project economics can be
accommodated within the Hornsea Four design.

4.8.4.22 The maximum diameter of the rocks used would be 1 m and the maximum thickness of
scour protection layer would be 2 m.

Al.4.

Version C Page 48/129



Hornsea 4
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4.8.4.23 Each relevant assessment within the ES considers the range of foundations options
(including monopiles, suction bucket jacket foundations, piled jacket foundations, mono
suction buckets and GBS) and assesses the foundation type which presents the maximum
design scenario. Table 4.16 presents the MDS for wind turbine foundations. There is no one
foundation type that can be deployed across the entire Hornsea Four site and therefore at
least two foundation types are likely to be deployed, meaning that a maximum of 110
GBS can be deployed with 70 other foundations. Table 4.17, Table 4.18 and Table 4.19
present the MDS for each of the wind turbine generators (Table 4.16), offshore substation(s)
(Table 4.17 and Table 4.18) and offshore accommodation platform (Table 4.19). The MDS
includes for the foundation as part of the total seabed disturbance.

Table 4.16: Maximum design parameters for wind turbine generator foundations.

Maximum Maximum Maximum Maximum
design related design related Total
ota
parameters foundation parameters foundation type
type
Total Number 70 Where GBS 110 GBS
cannot be used 180
Totals for Hornsea Four array
area
Number of Piles 210 Piled Jacket 330 Piled Jacket 540
(WTG-type) (WTG-type)
Seabed Preparation Area Suction Caisson
198,870 m? Jacket (WTG- 411,321 m? GBS (WTG-type) | 610,191 m?
type)
Seabed Gravel Bed Area 0m?2 N/A 321,471 m? | GBS (WTG-type) | 321,471 m?
Seabed Structure Area Monopod
87,965 m? . . 242,680 m? GBS (WTG-type) | 330,645 m?
Suction Caisson
Seabed Scour Protection .
A 296,881 m? Monopile 504,540 m? GBS (WTG-type) | 801,421 m?
rea
Seabed Total Permanent . 1,056,471
309,251 m? Monopile 747,220 m? GBS (WTG-type)
Area m?
Drill Spoil Volume (average;
. 49,480 m3 Monopile 77,754 m> Monopile 127,234 m?3
assumes 10% drilling)
Seabed Preparation (Spoil) Suction Caisson
1,045,221
Volume 359,427 m3 Jacket (WTG- 685,794 m3 GBS (WTG-type) 5
m
type)
Seabed Preparation (Gravel
Oom?3 N/A 482,207 m3 GBS (WTG-type) | 482,207 m*
Bed) Volume
Scour Protection Volume . 1,602,841
593,761 m> Monopile 1,009,080 m> | GBS (WTGC-type) y
m
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Maximum Maximum Maximum Maximum
design related design related
. . Total
parameters foundation parameters foundation type
type

Pile-structure grout volume | ¢ a96 3 Monopile 15551m3 | Monopile 25,447 m3
Structure-seabed grout Monopod

61,575m3 . . 121,340 m3 GBS (WTG-type) 182,915m3
volume Suction Caisson

NOTE: See A4, A4. 4.9 for pro-rata seabed disturbance, seabed loss, spoil creation and rock protection values for all

foundation types.

4.8.4.24 Table 4.17 presents the MDS for offshore transformer substation(s). Each assessment

within the relevant receptor chapter of the ES considers the range of foundations options
(including GBS) and assesses the foundation type which presents the maximum design

scenario for the relevant recepto

r(s).

Table 4.17: Maximum design parameters for the offshore transformer substation foundations.

Maximum design Maximum related foundation
parameters type
Total Number 6 smalland 3 large | -
OSS (in Hornsea
Four array area)
Totals for Hornsea Four array area
Number of Piles 144 HVDC: 9x Piled Jacket for OSS,
each structure x16 piles
Seabed Preparation Area HVDC: Suction Caisson Jacket
156,594 m?
(Small OSS) & GBS (Large OSS)
Seabed Gravel Bed Area HVDC: GBS (Box-type) & GBS
116,226 m?
(Large OSS)
Seabed Structure Area HVDC: GBS (Box-type) & GBS
101,250 m?
(Large OSS)
Seabed Scour Protection Area HVDC: GBS (Box-type) & GBS
270,000 m?
(Large OSS)
Seabed Total Permanent Area HVDC: GBS (Box-type) & GBS
371,250 m?
(Large OSS)
Drill Spoil Volume (average; assumes 10% drilling) 13.854 m® HVDC: Piled Jacket (Small OSS)
, m
& Piled Jacket (Small OSS)
Seabed Preparation (Spoil) Volume HVDC: Suction Caisson Jacket
737,130 m?
(Small OSS) & GBS (Large OSS)
Seabed Preparation (Gravel Bed) Volume HVDC: GBS (Box-type) & GBS
198,531 m?
(Large OSS)
Scour Protection Volume HVDC: GBS (Box-type) & GBS
540,000 m?
(Large OSS)
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Maximum design

Maximum related foundation

parameters type
Pile-structure grout volume HVDC: Piled Jacket (Small OSS)
2,375m3
& Piled Jacket (Large OSS)
Structure-seabed grout volume HVDC: GBS (Box-type) & GBS
66,177 m3

(Large OSS)

NOTE: See A4. 4.9 for pro-rata seabed disturbance, seabed loss, spoil creation and rock protection values for all

foundation types.

4.8.4.25 Table 4.18 presents the MDS for offshore HVAC booster substation(s). Each assessment

within the relevant receptor chapter of the ES considers the range of foundations options
(including GBS for HVACs) and assesses the foundation type which presents the maximum

design scenario for the relevant receptor(s).

Table 4.18: Maximum design parameters for the offshore HVAC booster substations.

Surface offshore HVAC booster station foundations

Maximum design

Maximum related foundation

parameters type
Total Number of Structures 3
Max structure dimension at seabed and sea surface 75m GBS (Box type)
Totals for offshore export cable corridor
Number of Piles 48 Piled Jacket (Small OSS)
Seabed Preparation Area Suction Caisson Jacket (Small
36,963 m?

OSS)
Seabed Gravel Bed Area 20,667 m?2 GBS (Box-type)
Seabed Structure Area 16.875 m?2 GBS (Box-type)
Seabed Scour Protection Area 75 000 m?2 GBS (Box-type)
Seabed Total Permanent Area 91 875 m?2 GBS (Box-type)
Drill Spoil Volume (average; assumes 10% drilling) 4618 m° Piled Jacket (Small OSS)
Seabed Preparation (Spoil) Volume 171735 md Suction Caisson Jacket (Small

, m

OSS)
Seabed Preparation (Gravel Bed) Volume 37 265m> GBS (Box-type)
Scour Protection Volume 150.000 m? GBS (Box-type)
Pile-structure grout volume 713 m3 Piled Jacket (Small OSS)
Structure-seabed grout volume 12422 m3 GBS (Box-type)

NOTE: See A4. 4.9 for pro-rata seabed disturbance, seabed loss, spoil creation and rock protection values for all

foundation types.
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4.8.4.26 Table 4.19 presents the MDS for offshore accommodation platform(s). Each assessment
within the relevant receptor chapter of the ES considers the range of foundations options
(including GBS for HVACs) and assesses the foundation type which presents the maximum
design scenario for the relevant receptor(s).

Table 4.19: Maximum design parameters for offshore accommodation platform foundation.

Maximum design Maximum related foundation
parameters type
Totals for Hornsea Four array area
Number of Piles 16 Piled Jacket (Small OSS)
Seabed Preparation Area 12,321 m? Suction bucket Jacket (Small
OSS)
Seabed Gravel Bed Area 6,889 m? GBS (Box-type)
Seabed Structure Area 5,625 m? GBS (Box-type)
Seabed Scour Protection Area 25,000 m? GBS (Box-type)
Seabed Total Permanent Area 30,625 m? GBS (Box-type)
Drill Spoil Volume (average; assumes 10% drilling) 1,540 m3 Piled Jacket (Small OSS)
Seabed Preparation (Spoil) Volume 57,245 m? Suction bucket Jacket (Small
Seabed Preparation (Gravel Bed) Volume 12,422 m?® GBS (Box-type)
Scour Protection Volume 50,000 m3 GBS (Box-type)
Pile-structure grout volume 238 m3 Piled Jacket (Small OSS)
Structure-seabed grout volume 4141 m?3 GBS (Box-type)

NOTE: See A4. 4.9 for pro-rata seabed disturbance, seabed loss, spoil creation and rock protection values for all
foundation types.

Piling

4.8.4.27 The maximum hammer energy for Hornsea Four is 5,000 kJ for monopiles. The rationale for
using a maximum hammer energy of 5000 kJ is to maximise the opportunity to
successfully drive all piles. Although a hammer energy of 5,000 kJ is considered as the
maximum design scenario, the actual energy used when piling will be significantly lower for
most of the time and the driving energy will be raised to 5,000 kJ only when necessary. To
minimise fatigue loading on the monopiles, hammer energies are continuously set at the
minimum required, which also reduces the likelihood of breakdown of the equipment,
hence will typically start low (15% soft start of 750 kJ) and gradually increase to the
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maximum required installation energy during the piling of the final metres (typically
significantly less than the maximum consented hammer energy).

4.8.4.28 As pin piles are smaller, the maximum hammer energy to be used would be 3,000 kJ.

4.8.4.29 The most likely hammer energy for monopiles is anticipated to be 4,000 kJ and 1,750 kJ for
pin piles.

4.8.4.30 The definition of maximum hammer energy may allow the maximum piling durations to be
reduced. Other reasons why higher hammer energies are required include the greater
effectiveness at pile driving (due in part to the additional weight of the hammer) and
greater reliability, since they are working far under their design rating for much of the time.
Knowledge of the anticipated construction work will improve as additional geoscience
survey campaigns are undertaken and corresponding design work is completed for
Hornsea Four. Though this is not anticipated to be complete pre-Application.

4.8.4.31 Analysis of recent piling records at other @rsted wind farms (Burbo Bank Extension, Walney
Extension, Race Bank and Hornsea One) indicates that piling of monopiles typically
averages two hours or less for installation (including the slow start procedure), with timings
slightly longer at the beginning of the construction phase and then reducing as experience
is gained. Piling at substations has usually taken a little longer, typically averaging three
hours or less. The number of positions where piling work exceeds four hours is typically a
small percentage, around 5% or less; this exceedance will be due to breaks in the
construction work caused by reasons such as particularly challenging ground conditions or
break-down of equipment and therefore does not reflect an uninterrupted four hour start-
to-finish hammer strike piling duration.

4.8.4.32 The rationale for using a lower energy than the maximum hammer energy is to maximise
the opportunity to successfully drive all piles. Although a maximum hammer energy will be
considered as the maximum design scenario in the Environmental Statement (ES), the
actual energy used when piling will be significantly lower for most of the time and the
driving energy will be raised to the maximum design scenario only when absolutely
necessary. To minimise fatigue loading on the monopiles, hammer energies are
continuously set at the minimum required, which also reduces the likelihood of breakdown
of the equipment, hence will typically start low (20% soft start) and gradually increase to
the maximum required installation energy during the piling of the final metres (typically
significantly less than the maximum consented hammer energy).

4.8.4.33 A characteristic four-hour piling scenario with maximum durations for each energy level is
provided in Table 4.20. The most likely scenario is presented in Table 4.21.

Table 4.20: Typical piling scenario for pile installation using a maximum design scenario hammer
energy. Piling for four hours.
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% of max hammer blow energy 20% 40% 60% 80% 100%
Monopile blow energy 1,000 2,000 3,000 4,000 5,000 kJ
Pin pile blow energy 600 1,200 1,800 2,400 3,000 kJ
Strike Rate 1bl/ 10 min 10 bUmin 15 blU/min 15 blUmin 30 bl/min
Duration 30 mins 7.5 mins 7.5 mins 7.5 mins 210 mins
Table 4.21: Most likely piling scenario ramp up.

% of max hammer blow energy 20% 40% 60% 80% 100%
Monopile blow energy 800 1,600 2,400 3,200 4,000
Pin pile blow energy 350 700 1,050 1,400 1,750
Strike Rate 1bl/ 10 min 10 bU/min 15 blUmin 15 blU/min 30 blUmin
Duration 30 mins 7.5 mins 7.5 mins 7.5 mins 75 mins

4.8.4.34 If piling is not possible due to the presence of rock or hard soils, the material inside the
monopile may be drilled out before the monopile is driven to the required depth. This can
either be done in advance of the driving or if the piling rate slows significantly during piling.
If drilling is required, it is conducted at a speed of 0.5 to 1.0m/hr with any spoil arising from
the drilling disposed of adjacent to the foundation location on the sea surface.

4.8.4.35 There may be up to four piling vessels on site at a same time. Two vessels for WTG
foundations and two vessels for OSS foundations. However, only two piles will be piled
simultaneously within the Hornsea Four array or HVAC search area. There will be no
concurrent piling operations between the Hornsea Four array area and the HVAC booster
stations A potential maximum of eight piles may be drilled simultaneously across the
Hornsea Four array area, with each vessel capable of installing 2 drilled pin-piles

simultaneously.
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4.8.4.36 It may also be possible that the piles are installed via another novel method such as water
jetting or electro-osmosis. In order to reduce the soil resistance during installation of a
foundation, which may reduce the impact hammer energy or potentially lead to complete
avoidance of using an impact hammer, two different techniques may be applied:

e  Water jetting at the tip and the interior surface of a pile/skirt; and
o Electro-osmosis softening of clayey soils by means of different electrical potentials
in the embedded part of the foundation.

4.8.4.37 Water jetting creates a strong water jet and flow close to the pile tip and on the pile
interior surface that reduces internal frictional resistance of the soil. Water is forced into
the soil bringing the soil into suspension. The inflowing jetting water is pumped out of the
pile containing mobilized soil. The amount of soil and sediment that will be removed
depends on the jetting configuration and stability of the internal soil column. In order to
stabilize the internal soil column, and hence reduce the amount of suspended sediment the
jetting water can be mixed with a polymer that will increase the viscosity of the jetting
fluid.

4.8.4.38 Another means of reducing the soil resistance during pile installation is to apply an direct
current (DC) electric field between an “external” anode and the steel pile wall. Such an
electric field will generate a forced flow of water (electro-osmosis) within the soil from the
anode to the cathode (the pile wall), which in clayey soils creates a local softening of the
soil at and close to the pile surface. The anodes are placed in circumferential bands around
the pile, being electrically isolated from the pile by means of a plastic liner. The strong
electrical field will only be present within the soil near the pile wall.

4.8.4.39 For vibro-piling the pile is embedded via vibration rather than hammering or drilling. If any
such methods were employed, it would be ensured that the noise emissions were within
the envelope consented for hammering.

4.8.4.40 Since 2011, the company Fistuca has been developing a new piling concept called Blue
Piling. Blue Piling differs from the other hammer techniques by using water instead of a
steel weight to generate the driving force pushing a pile into the seabed. The main benefit
for this system is that the noise generation from the piling operation is significantly lower
than using a conventional hammer. Expected reduction in noise level is up to 20 dB.

4.8.5 Offshore Cables (array, export & interconnector)

Array cables

4.8.5.1 Cables carrying the electrical current produced by the turbines will link the turbines to an
offshore transformer substation or offshore HVDC converter station. A small number of
turbines will typically be grouped together on the same cable ‘string’ connecting those
turbines to the substation, and multiple cable ‘strings’ will connect back to each offshore
substation.
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4.8.5.2 ltis likely that the array cable system will use HVAC technology, but it is also possible that
the system will consist of an alternative option such as a HVDC. The array cables will
consist of several conductor cores, usually made from copper or aluminium surrounded by
layers of insulating material, as well as material to armour the cable for protection from
external damage. The maximum design parameters for array cables are presented in
Table 4.22.

Table 4.22: Maximum design parameters for array cables.

Parameter Maximum design parameters
Total length of cable (km) 600
Voltage (kV) 170

Offshore interconnector cables

4.8.5.3 Hornsea Four may require cables to interconnect the offshore substations to provide
redundancy in the case of cable failure elsewhere, or to connect to the offshore
accommodation platform to provide power for operation. The cables will have a similar
design and installation process to the array and export cables. The parameters for design
and installation of the offshore interconnector cables are presented in Table 4.23.

Table 4.23: Maximum design parameters for offshore interconnector cables.

Parameter Maximum design parameters
Number of circuits/cables 6

Total length of cables/circuits (km) 90

Voltage (kV) 600
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48.5.4

Offshore export cables

The offshore export cables are typically larger in diameter than array cables. The
maximum design parameters for offshore export cables are presented in Table 4.24. The
average width of the marine export cable corridor is 1.5 km for permanent cables and 500
m ether side for temporary works, though this varies in a few locations along the ECC,
notably at landfall, within the HVAC search area and array-side of the ECC where the ECC
fans out to meet the array (see Figure 4.1)

Table 4.24: Maximum design parameters for offshore export cables.

Orsted

Maximum design parameters

Parameter
HVAC HVDC

Number of circuits 6 4
Voltage (kV) 400 600
Maximum number of cables 6
Length per cable — including export cable within the Hornsea Four array area (km) 109
Total length of cables (km) 654
Length of Hornsea Four offshore cable corridor (km) (excluding within array) 99
Width of Hornsea Four offshore cable corridor temporary works buffer (km) 0.5
Installation
4.8.5.5 Cables will be buried below the seabed wherever possible. The installation method and

48.5.6
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target burial depth will be defined post consent based on a cable burial risk assessment
(CBRA) (or similar) considering ground conditions as well as the potential for impacts upon
cables such as from trawling and vessel anchors. The depth will likely vary across the
Hornsea Four array area and offshore export cable corridor. Possible installation methods
include jetting, vertical injection, cutting and ploughing whereby the seabed is opened and
the cable laid within the trench simultaneously using a tool towed behind the installation
vessel. Alternatively, a number of these operations such as jetting, cutting or Controlled
Flow Excavation (CFE) may occur post cable lay.

It may also be necessary to install the cable by pre-trenching or rock cutting whereby a
trench is opened in one operation and then the cable laid subsequently from another
vessel. Hornsea Four may also need to dredge the cable route prior to installation to level
sandwaves that may hinder installation. This is discussed in paragraph 4.8.8.11. Where pre-
trenching or rock cutting is employed, and there is a gap between this activity and cable
installation, in some areas the trench may partially collapse, or infill. In these cases, pre-
sweeping may have to be performed to clear the trench prior to installation. Pre-sweeping
typically comprises the use of a jetting tool, pre-trenching plough or pre-trenching
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draghead mounted to a Trailer Suction Hopper Dredger (TSHD) or similar, targeted to
remove the material that has partially infilled the trench.

4.8.5.7 If the cables must cross third party infrastructure, such as existing cables, both the third-
party asset and the installed cable must be protected. This is detailed in Section 4.8.5.

4.8.5.8 Cables will need to be made secure where the route crosses obstacles such as exposed
bedrock, pre-existing cables or pipelines which means that the cable cannot be buried. This
is typically achieved through some form of armouring like rock placement or concrete
mattress (see Paragraph 4.8.5.14 and 4.8.5.15) to maintain the integrity of the cable.

4.8.5.9 Cable installation and route preparation will be undertaken by specialist vessels. Based on
previous experience within Drsted at other offshore wind farms, it is possible that a small
jack-up vessel or a flat top barge will be required for export cable installation in shallow
water near to landfall. The full vessel requirements for installation of cables are shown in
Table 4.28. The maximum design parameters for cable installation are presented in Table
4.25. A CBRA will inform cable burial depth, dependent on ground conditions as well as
external risks. This assessment will be undertaken post-consent.

Table 4.25: Maximum design parameters for cable installation.

Maximum design parameters

Parameter Array cables Offshore interconnector Offshore export cables
cables
Installation methodology Surface lay, mechanical Mechanical trenching, dredging, jetting, ploughing,

trenching, dredging, jetting, | controlled flow excavation, vertical injection, rock
ploughing, controlled flow | cutting.
excavation, vertical

injection, rock cutting.

Burial depth; Vertical

Injection (Ploughing and

3(2)

Controlled Flow
Excavation) (m)
Total length of cable (km) 600 90 654
Boulder and Sandwave
Clearance width (m), per 40
cable
Cable installation width (m) 15

(NOTE: 15m is within the 40m not additional)
Total seabed disturbed
(full corridor width 1.5km) 9 14 9.8
(km?)

Boulder Clearance -

, 18 27 19.5
Seabed Disturbance (km?)
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Maximum design parameters

Parameter

Array cables Offshore interconnector Offshore export cables
cables
Sand wave Clearance --
. 18 2.7 19.5
Seabed Disturbance (km?)
Sandwave Clearance -
769,000 115,000 834,000

Material Volumes (m?3)

Jetting excavation rate
300 (125) m/hr
soft soil (soft or loose soil)

Burial spoil: Vertical

o 1,326,000 199,000 1,438,000
Injection (m>3)
Ploughing excavation rate

125(55) m/hr

medium soil (hard soil)
Burial spoil:
ploughing/controlled flow 3,600,000 540,000 3,903,000
excavation (m?3)
Duration: total (months) 24 24 24

Cable protection

4.8.5.10 Cable protection will be required at cable crossings, as well as areas where cable burial is
not possible. Up to 10% of the total cable length (including export, array and
interconnector cables and excluding cable crossings) may require protection due to
unforeseen ground conditions and tool failure. Cable protection methods are described
below. Cable protection pro-rata values (10%) are provided in Volume A4, Annex 4.89.

4.8.5.11 Hornsea Four may elect in some circumstances to use a proprietary cable protection
system such as a “split pipe” system. Split pipe applications have long been associated with
cable installation methodologies, especially regarding shallow water turbulent areas.
These “cast iron” half shells, or other materials, are connected to the cable prior to
deployment to the seabed. Recently, systems have been designed for crossings, but these
have yet to be evaluated. Such systems, known as “proprietary separation measures” are
still being considered by the project and may be deployed if applicable.

Rock Placement

4.8.5.12 Rocks of different grade sizes are placed, from a fall pipe vessel over the cable. Initially
smaller stones are placed over the cable as a covering layer. This provides protection from
any impact from larger grade size rocks, which are then placed on top of this smaller scale
level.

4.8.5.13 This rock grading generally has mean rock size in the range of 90 to 125 mm and maximum
rock up to 250 mm. The rocks generally form a trapezium shape, up to approximately 1.8
m above the seabed with a 3:1 gradient (see Figure 4.10). Larger rocks may be necessary if
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protection from larger anchors is required (e.g. up to 500mm in shipping corridors). The
cross section may vary dependent on expected scour. The length of the berm is dependent
on the length of cable which is either unburied or has not achieved target depth. The
trapezium shape is designed to provide protection from both direct anchor strikes and
anchor dragging. Should this protection method be used for crossings, a separation layer
may first be laid on the seabed. This layer is approximately 30 cm deep with a rectangular
or oval plan view.

Cross section Maximum Tm

Cable protection E . N
; A\
Sfl * ' Maximum 1.8m
..-.....-m..-.mu....m.-..-.u..-.m..................m.......-.-..-m..-..-.-..-m..-..-.u.-.-.-.—.-.-----.—--.mmv-. mmmmmmm Seabed
Maximum 10.4m
Plan view
e Export cable

FaN

Cable protection

Figure 4.10: Cable protection via rock placement (indicative only).

Mattresses

4.8.5.14 Mattresses generally have dimensions of 6 m by 3 m by 0.3 m. They are formed by

Al.4.
Version C

interweaving a number of concrete blocks with rope and wire. They are lowered to the
seabed on a frame. Once positioning over the cable has been confirmed, the frame release
mechanism is triggered, and the mattress is deployed. This single mattress placement will
be repeated over the length of cable which is either unburied or has not achieved target
depth. Mattresses provide protection from direct anchor strikes but are less capable of
dealing with anchor drag. Should this protection method be used for crossings, a mattress
separation layer may first be laid on the seabed.

Orsted
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Frond Mattresses

4.8.5.15 Frond mattresses are installed following the same procedure as general mattress
placement operations. The fronds are designed with the aim to form protective, localised
sand bermes.

Rock Bags

4.8.5.16 Rock bags consist of various sized rocks constrained within a rope or wire netting
containment. They are placed via a crane and deployed to the seabed in the correct
position. Rock bags are more suited for cable stability or trench/scour related issues.

Seabed Spacers

4.8.5.17 Propriety separation consists of plastic, or metal, half shell sections that are bolted
together forming a circular protection barrier around the cable. Additionally, rock may be
placed on top to provide protection from anchors or fishing gear. As they are placed onto
the cable during installation, they cannot be used for remedial protection. Thus, their only
use is for crossings or areas, such as rock, where it is known that burial will not be achieved.

Crossings

4.8.5.18 Within the Hornsea Four offshore export cable corridor and array area there are several
existing assets, and others planned, primarily oil and gas pipelines that connect to
production wells in the North Sea. The design and methodology of these crossings will be
confirmed in agreement with the asset owners, however it is likely that a berm of rock will
be placed over the existing asset for protection, known as a pre-lay berm, or separation
layer (Figure 4.11). The Hornsea Four cable will then be laid across this, at an angle close
to 90 degrees. The Hornsea Four cable will then be covered by a second post lay berm to
ensure that the export cable remains protected and in place.
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. Export cable
Plan view A
: < ............... Post-lay rock berm
. PASEE T Pro-lay or soparation layer rock barm
Maximum 500m | H“"_:;“:m : < < .+ . Cabla or pipa line to be crossed
AV
Maximum 25.3m
v
Maximum 10.4m
Side view
n Post-lay rock barm
— Export cable
A
+ Pre-lay or separation layer rock barm
‘ Cable or pipa Une to be crossed

Figure 4.11: Offshore Cable Crossing (indicative only).

4.8.5.19 The rock berms will be inspected at regular intervals and may need to be replenished with
further rock placement dependent on their condition. This operational rock placement
would not exceed 25% of the estimated rock volume and would occur in areas already
disturbed by rock placement (i.e. rock replenishment will occur exclusively where cable
protection is already in place and no new areas of the seabed will be affected).

Maximum design parameters for cable protection

4.8.5.20 Table 4.26 presents the total requirements for cable protection for Hornsea Four
incorporating both crossings and allowances for areas where cable burial is not possible.
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Table 4.26: Maximum design parameters for cable protection.

Orsted

Maximum design parameters

Parameter

Array cables

cables

Offshore interconnector

Offshore export cables

Height of post-lay/remedial rock
berm (m): Typical design (fishing
gear protection)/Maximum design
(anchor strike protection)

1.5/(2.7)

Height of pre-lay rock berm (m)

0.3

Post-lay width of rock berm at
seabed (m): Maximum design
(fishing gear protection) / typical
design (anchor strike protection)

10.4(20.2)

Pre-lay length of rock berm at
seabed (m)

253

Post-lay length of rock berm at
seabed (m)

500

Percentage of route requiring

protection (%)

10

Replenishment during operation (%
of construction total)

25

Cable rock protection: maximum
rock size (m) (if required to protect
from anchor strike)

0.25(0.5)

Rock protection area (m?)

624,000 94,000

792,000

Pro-rata (per cable circuit) rock
protection area (m?

132,000

Rock protection volume (m?3)

522,000 78,000

849,000

Pro-rata (per cable circuit) rock
protection volumes (m?3)

141,500

Number of crossings

32

54

Cable/pipe crossings: pre- and
post-lay rock berm area (m?)

204,000

344,000

Cable/pipe crossings: pre- and
post-lay rock berm volume (m?3)

221,000

372,000

4.8.5.21 Consultation on the Project Description at PEIR stage (see Table 4.2) indicated Smithic
Bank, susceptible to sediment transport effects impacting its form and function. MMO
indicated that these impacts could be reduced by crossing the proposed Dogger Bank
Creyke Beck export cables in water depth greater than 20m and seaward of the feature,
which the Applicant has committed to (see Figure 4.12 and Co. 189 in A4. 5.2:
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Commitments Register). Furthermore, the Applicant commits to no cable protection being
deployed within 350m m seaward of the MLWS datum (see Co. 188 in A4. 5.2:
Commitments Register).
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Figure 4.12: Configuration of Hornsea Four ECC crossing of Dogger Bank Creyke Beck cables (indicative only).
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Cable jointing

4.8.5.22 Cable installation vessels are limited in the length of cable they can transport in a single

load-out. Where lengths of offshore export cable must be jointed to one another it is not
possible to bury the cable joint using conventional cable burial tools. It may therefore be
necessary to excavate a jointing pit to accommodate the joint and ensure its protection.
The pit will normally be excavated via a dredging vessel. Material will be removed to a
nearby designated disposal site and recovered for backfilling once jointing is complete (see
Figure 4.1). It may be necessary to recover additional material from the licensed
dredge/disposal area bordering the ECC, to make up for any lost during the
dredge/recovery operation due to winnowing of material by hydrodynamic processes.
Alternatively, backfill by natural processes may reduce the requirement for backfill. The
maximum design parameters for cable jointing are presented in Table 4.27.

Table 4.27: Maximum design parameters for cable jointing activities.

Orsted

Parameter Maximum design parameters
Maximum number of offshore cable joints (per cable) 4

Depth of offshore jointing pit (m) 5

Area of offshore jointing pit (m?) 3,500

Volume of offshore jointing pit (m?) 17,500

Material loss during dredge/recover (subject to make-up) 50%

48.6

4861
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Surface Infrastructure Layout

Designing and optimising the layout of the wind turbine generators and offshore
substations and offshore accommodation platforms is a complex, iterative process
considering many inputs and constraints including;

. Site conditions:

Wind speed and direction;

Water depth;

Ground conditions;

Environmental constraints (anthropogenic and natural);
Seabed obstructions (e.g. wrecks, UXO, existing cables); and
Order limits (i.e. site boundary).

o O O O O O

o Design considerations:

Turbine type;

Installation set-up;

Foundation design;

Electrical design; and

Operation and maintenance requirements.

O O O O O
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4.8.6.2 Hornsea Four requires flexibility in location of the wind turbine generators and other
offshore surface infrastructure, within the final approved layout, to ensure that anticipated
changes in available technology and project economics can be accommodated within the
Hornsea Four Design Envelope. However, to inform the EIA, Hornsea Four has created an
indicative layout containing 180 potential wind turbine generator positions and the 10
potential platform positions (offshore substations and accommodation platform). The
layout is shown in Figure 4.13 and conforms to the layout principles set out in Volume A4,
Annex 4.7: Layout Principles.

4.8.6.3 The layout principles are design criteria agreed in consultation with the relevant
stakeholders (e.g. MCA and THLS) to inform the layout design of all surface infrastructure.
The aim of the layout principles is to improve the final the layout submitted by Hornsea
Four taking account of the technical and consenting considerations at an early stage and
thereby hopefully facilitating the final sign off for the layout.

4.8.6.4 The layout includes a single line of orientation which aligns (northwest to southeast) with
Hornsea Project Two. The minimum spacing for all development scenarios between
turbines is 810m (see Volume A4, Annex 4.7: Layout Principles). As the locations of the
infrastructure are not yet defined, the layouts do not distinguish between what type of
infrastructure is placed in each location. Individual assessment chapters have therefore
made assumptions as to which locations are turbines or platforms to inform the maximum
design scenario for the relevant assessment.
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Figure 4.13: Hornsea Four Indicative layout with 190 positions. (180 WTGs, 9 substations and 1 offshore accommodation platform).
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4.8.7 Vessel Activities

4871

Orsted

During the construction of Hornsea Four, a number and variety of vessels will be utilised for

installation, support and transport of equipment and infrastructure to the Hornsea Four
array area and the offshore export cable corridor.

48.7.2

The total vessel numbers, vessel movements and durations are presented in Table 4.28.

Each vessel movement represents a return trip to and from the Hornsea Four array area.

4.8.7.3

Indicatively, the busiest period during construction in terms of vessel traffic would be when

up to eight vessels (installation and commissioning vessels) could be found in a given 5 km?
area. This level of activity is unlikely to occur across the entire Hornsea Four array area at
any one time, rather this intensity is expected across approximately three or four 5 km?

blocks.

Table 4.28: Total values for vessel activities during construction.

Vessels Number of Vessels Maximum number of return trips per
vessel type

Wind turbine generator installation

Installation vessel (JUV or anchored) 2 90

Support vessel 12 270

WTG installation support vessels include: crew boats or SOVs (x4), service vessels for pre-rigging of towers (x2), diver

vessels (x2), PLGR (x2) and post-lay inspection (x2)

Transport vessel

24

540

Helicopter

135

Wind turbine generator foundation installation if GBS foundation WTG type

Installation vessel (Anchored, DP2 or
Tugs)

6 (2xJUV, 2 x anchored or 4 DP2 or 6
x Tugs)

90: if 2 xJUV, 2 x anchored or 4 DP2
540: if 6 x tugs

Support vessel

19

900

Foundation installation support vessels include: Tug boats (x10), crew boa

ballasting (x1) and guard boats (x4).

ts (x2), drilling vessel (x2), TSHD for

Transport / Feeder vessel (incl. Tugs) | 40 720
Of which anchored 2 360
Anchor dimensions are 10 x 10 m (area 100m?2) with 8 anchors (4 pair) per vessel.

Dredging vessels 12 720

Up to 2 dedicated dredging vessels (typically TSHD), up to 2 primary gravel bed vessels, and up to 8 additional

miscellaneous dredging support vessels

Al.4.
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Vessels Number of Vessels Maximum number of return trips per
vessel type
Helicopter 180
Substation installation (all offshore substations and accommodation platform)
Installation vessel 2 36
12 162
Support vessel
4 72
Transport vessel
R 63
Helicopter
Substation foundation installation (all offshore substations and accommodation platform)
Installation vessel 2 24
Support vessel 12 108
Transport vessel 4 48
Helicopter - 42
Inter-array and offshore interconnector cables installation
Main laying vessel 3 204
Main burial vessel 3 204
Support vessel 12 1080
Helicopter - 396
Offshore export cables installation
Main Cable Laying vessel 3 96
Main Cable Jointing Vessel 3 72
Main Cable Burial vessel 3 96
Support vessel 15 144
Helicopter - 800

Aids to Navigation and marking

4.8.7.4 All surface infrastructure (including wind turbine generators, offshore substations), including
any required aids to navigation, will be designed in accordance with relevant guidance
from Trinity House, the CAA and the Maritime and Coastguard Agency (MCA). This will
include colours, marking and lighting. The positions of all infrastructure will be conveyed to

Al.4.
Version C

Page 70/129



Hornsea 4 Orsted

the UK Hydrographic Office (UKHO) so that they can be incorporated into Admiralty
Charts and the Notice to Mariners (NtM) procedures.

4.8.7.5 Lighting and marking of subsea structures will be discussed with Trinity House, having a
statutory duty as a General Lighthouse Authority, where there may be a risk to shipping. In
this case, the marking would be based on the recommendations of the International
Association of Marine Aids to Navigation and Lighthouse Authorities (IALA, 2013).

Safety Zones

4.8.7.6 During construction and decommissioning, Hornsea Four will apply for a 500 m safety zone
around infrastructure that is under construction. Safety zones of 50 m will be sought for
incomplete structures at which construction activity may be temporarily paused (and
therefore the 500 m safety zone has lapsed) such as installed monopiles without transition
pieces or where construction works are completed but Hornsea Four has not yet been
commissioned

4.8.7.7 During the operation and maintenance phase, Hornsea Four intends to apply for a 500 m
safety zone around manned infrastructure (such as offshore accommodation platform) in
order to ensure the safety of the individuals aboard. Hornsea Four intends to also apply for
500 m safety zones for infrastructure undergoing major maintenance (for example a blade
replacement).

4.8.7.8 Further information regarding the Safety Zones which Hornsea Four intends to apply for
post consent will be outlined in the Safety Zone Statement.

4.8.8 Ancillary operations

4.8.8.1 Several activities will be required to prepare the seabed prior to construction. These
activities are detailed below.

Unexploded ordnance clearance

4.8.8.2 It is common to encounter UXO originating from World War | or World War Il during
construction. This poses a health and safety risk where it coincides with the planned
location of infrastructure and associated vessel activity, and therefore it is necessary to
survey for and carefully manage UXO. If UXOs are found, they are either avoided, removed
or detonated in situ.

4.8.8.3 Itis not possible at this time to define the number of UXO which may require detonation.
As a result, a separate Marine Licence will be applied for pre-construction for the
detonation (where required) of any UXO which may be identified in pre-construction
surveys. To define a design scenario for consideration in the EIA a review of recent publicly
available information on UXO disposal was undertaken, along with experience from
Hornsea Project One. Hornsea Project One identified 23 large net explosive quantity (NEQ)
items of UXO that required in-situ detonation and 30 incendiary units. These large NEQ
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items comprised 12 Allied 1000lb HE bombs, 2 German 500kg HE bombs and 9 Allied
500Llb HE bombs.

4.8.8.4 Based on the recent internal analysis conducted by Orsted for Hornsea Project Three, the
number of UXO requiring inspection and detonation has been scaled for Hornsea Four. The
numbers are scaled for the wind farm and ECC. It is assumed that no more than five UXO
will be cleared in any 24hr period:

e Estimates targets requiring inspection: 2263; and
e Estimates for high order disposal (detonation): 86

Boulder clearance

4.8.8.5 Geophysical surveys will be undertaken within the Hornsea Four array area and offshore
export cable corridor and will be used to inform boulder clearance requirements.

4.8.8.6 Where large volumes of boulders are present, micrositing of cables around these would be
onerous and impractical. If left in-situ, these boulders will pose the following risks to
Hornsea Four:

e Exposure of cables and/or shallow buried cables, that might lead to the requirement
for post-lay cable protection such as rock placement or concrete mattressing;

e Obstruction risk to the cable installation equipment, leading to damage and/or
multiple passes and therefore, a delayed cable installation programme (with no
guarantee of achieving target burial depth); and

e Risk of damage to the cable assets.

4.8.8.7 Based on current industry experience within similar geological conditions, the following
assumptions are made

e Boulders greater than 0.3 m in any dimension must be cleared;

e For cables within the Hornsea Four offshore export cable corridor, a corridor of up to
3040m per cable (circuit) must be cleared to ensure that all the export cable burial
tools being considered in the envelope can operate in the cleared corridors; and

e For cables within the Hornsea Four array areq, a corridor of up to 30 m must be
cleared per cable circuit as this width is sufficient for the operation of the array cable
burial tools under consideration.

4.8.8.8 There are two key methods of clearing boulders, boulder plough and boulder grab. Where
a high density of boulders is seen, the expectation is that a plough will be required to clear
the cable installation corridor. Where medium and low densities of boulders are seen, a
subsea grab is expected to be employed.

4.8.8.9 As no geophysical/geotechnical information of sufficient spatial resolution. is available at
this point in time the maximum design scenario is used for ES is presented in Table 4.29. The
acquisition of further geophysical and geotechnical data is not anticipated to conclude
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until the post-Consent and pre-Construction phase. At this point sandwave clearance
volumes and boulder and UXO clearance numbers and assessment will be updated.

Table 4.29: Maximum design parameters for boulder clearance in the Hornsea Four.

Parameter Maximum value

Hornsea Four array area

Array cable clearance corridor width per cable (circuit) - SCAR RCS 0

(m)

Export and interconnector cable clearance corridor width per 0

cable (circuit) = SCAR RCS (m)

Clearance corridor width — subsea grab (m) Size of individual boulders within 15 m corridor
Total seabed Potential Disturbed (Full Corridor Width) (km?) 22.5

Total clearance impact area (km?) 22.5

Offshore export cable corridor

Clearance corridor width per cable (circuit) — SCAR RCS (m) 30

Clearance corridor width — subsea grab (m) Size of individual boulders within 30 m corridor
Total seabed Potential Disturbed (Full Corridor Width) (km?) 8.9

Total clearance impact area (km?) 17.8

Pre-lay grapnel run

4.8.8.10 Following the pre-construction route survey and boulder clearance works, a Pre-Lay
Grapnel Run (PLGR) and an associated route clearance survey of the final cable route will
be undertaken. A vessel will be mobilised with a series of grapnels, chains, recovery winch
and survey spread suitable for vessel positioning and data logging. Any items recorded will
be recovered onto deck where possible and the results of this survey will be used to
determine the need for any further clearance. The PLGR work will take account of and
adhere to any archaeological protocols developed for Hornsea Four.

4.8.8.11 These works will be within the 30 m footprint of seabed disturbance (sandwave and
boulder clearance), within which is the 15 m footprint for trenching in the Hornsea Four
offshore export cable corridor and therefore any footprint for PLGR disturbance is already
accounted for.

Sandwave clearance

4.8.8.12 In some areas within the Hornsea Four array area and along the Hornsea Four offshore
export cable corridor existing sandwaves and similar bedforms may be required to be
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removed before cables are installed. This is done for two reasons. Firstly, many of the
cable installation tools require a relatively flat seabed surface in order to work properly as
it may not be possible to install the cable up or down a slope over a certain angle, nor
where the installation tool is working on a camber. Secondly, the cable must be buried to a
depth where it may be expected to stay buried for the duration of Hornsea Four's project
lifetime. Sandwaves are generally mobile in nature therefore the cable must be buried
beneath the level where natural sandwave movement would uncover it. Sometimes this
can only be done by removing the mobile sediments before installation takes place.

4.8.8.13 Calculations performed on the adjacent Hornsea Two and Hornsea Three sites have been
used to determine the maximum design parameters for sandwave clearance at Hornsea
Four. The method used takes a bathymetric surface and performs a series of GIS operations
on it to create a lowest seabed level. This is a surface which would theoretically indicate
the level at which the seabed morphology would never uncover. This surface is then used
as a reference for calculating depth of cable burial, which reduces the risk of the cable
becoming exposed if sandwave migration occurs, using the following assumptions:

e 100% of the cable route assumed to be cleared;
e 30m width cleared; and
e 0.043m used as average sand surface height across affected area.

4.8.8.14 The result of the found maximum design parameters for sandwave clearance are shown in
Table 4.30. Values will be updated upon the completion of pre-construction high-
resolution geophysical surveys. The pre-construction high-resolution geophysical surveys
(MBES) is planned for 2021 and the interpretation will be available Q4 2021, to update the
Marine Written Scheme of Investigation (WSI) (see Volume F2, Annex 4).

Table 4.30: Maximum design parameters for sandwave clearance for Hornsea Four.

Parameter Maximum value

Hornsea Four array area

Sandwave clearance impact width — array, interconnector and export cables (m) 40

Sand-wave clearance: Array cables (m?3) 769,000
Sand-wave clearance: Interconnector cables (m3) 115,000
Sand-wave clearance: Export cable (Within Array Area Only) Total (m?3) 77,000
Sand-wave clearance: Total in array area (export cables, array cables, 961,000

interconnector cables, foundations) (m?)

Hornsea Four offshore export cable corridor

Sandwave clearance impact width (m) per cable (circuit) * 40
Sandwave clearance — total (m?3) 757,000
Al.4.
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* For calculation of sandwave clearance area and volume an average corridor width of 30 m has been used

Wave buoys

4.8.8.15 Hornsea Four will require two wave buoys for the full construction period, one of which will
be decommissioned following completion of construction, and the other retained for the
first three years of operations. The exact mooring locations are currently undefined.

4.8.9 Construction ports

4.8.9.1 The Applicant is currently considering ports suitable for the construction base for the
offshore elements of the Project. Potential construction ports that may be used for
Hornsea Four are presented in Figure 4.14. A wide area across the Southern North Sea is
being considered including ports such as the Port of Tyne, in the north, to Great Yarmouth,
in the south. The European harbours of Aalborg, Esbjerg, Rotterdam, Emshaven and
ljmuiden are also in consideration for use. Norwich, Humberside and Newcastle heliports
are also being considered for construction phase works.

4.8.9.2 Hornsea Four is currently not able to commit to any particular harbour and/or
airports/heliports. The final decision will made post-consent, award of Contract for
Difference (CfD), Final Investment Decision (FID) and upon signing of contract with a
Principal Contractor.

4.8.9.3 A number of different vessels types will be involved in the construction phase and the
differing types of vessels may use different ports to those identified. All offshore works will
be coordinated by a Marine Coordinator. As well as construction usage, these ports may
be utilized during the operation and maintenance (O&M) phase for both vessel and heli-ops.
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Figure 4.14: Location of potential construction and operation ports and harbours.
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4.9

49.1

4611

49.1.2

49.1.3

Al.4.
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Landfall
Overview

The offshore export cables will make landfall east of Fraisthorpe. Figure 4.15 presents the
Hornsea Four intertidal areq, and the onward Hornsea Four onshore cable corridor and all
associated works areas. The works at the Hornsea Four intertidal area would primarily be
the same irrespective of whether HVAC or HVDC transmission is selected. Figure 4.15
presents the proposed 200 x 200 m landfall compound. .

Landfall works include:

e Construction of Landfall Compound (see Figure 4.15);
e HDD Works;

e Construction of Transition Joint Bays;

¢ Installation of Offshore High Voltage Cables;

¢ Installation of Onshore High Voltage (HV) Cables;

e Transition Jointing Offshore / Onshore Cables;

e Backfilling of Joint Bays; and

e Reinstatement Works.

HDD Works include offshore works:

e Excavation of HDD exit pit;

e Potential sheet piling of cofferdam (if required);

e Pull-in of HDD duct from offshore towards to TJB (may conclude in opposite direction);
and

e Capping and burial of HDD duct end.

Orsted
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4.9.1.4 The offshore export cables are connected to the onshore export cables at the Transition
Joint Bays (TJBs), located onshore. TJBs are pits dug and lined with concrete, in which the
jointing of the offshore and onshore export cables takes place. They are constructed to
ensure that the jointing can take place in a clean, dry environment, and to protect the
joints once completed. Once the joint is completed the TJBs are covered and the land
above reinstated. It is not expected that the TJBs will need to be accessed during the
operation of Hornsea Four, however link boxes need to be located nearby that do require
access during the operational phase, these will also be reinstated but may have manhole
covers for access. In certain locations these may then be fenced to prevent damage.

4.9.1.5 Transition Joint Bays are located a short distance (approximately 10 m) landward behind
the HDD Dirill entry points within the Landfall HDD compound. As such, their location is
directly related to the HDD Drill entry locations. The preliminary HDD entry locations,
along with the respective indicative HDD drill lengths take cliff erosion and a 35 year
design life into consideration. The precise location of the transition joint bays would be
subject to detailed engineering of the Landfall HDD works and any other consenting or
technical consideration, such as detailed geotechnical information required to finalise the
Landfall HDD Drill design.

4.9.1.6 The method used to carry out the landfall works is a trenchless technique (Horizontal
Directional Drilling (HDD)). As a minimum, Hornsea Four will cross the active coastal cliff
using HDD, or other trenchless technique. It may be possible to carry out the HDD to
beyond the Hornsea Four intertidal area and install the rest of the cable using an offshore
installation spread. The technical feasibility of the length of the HDD approach will require
confirmation via an intrusive geotechnical survey campaign, currently programmed to be
complete in late spring or early summer 2021.

4.9.1.7 The traffic on the beach during HDD works would be limited to small 4 x 4 type vehicles
related to emergency response associated with any bentonite break out, including small
vacuum tankers for any required cleanup of the beach, and a small 4 x 4 vehicle associated
with monitoring of the drill head under the beach using hand held equipment.

4.9.1.8 . Up to amaximum of three simultaneous HDD operations are assumed as an MDS for HDD
operations at landfall, with a corresponding number within the nearshore marine
environment (see Figure 4.17). HVAC will require up to six exit pits total and HVDC up to
eight exit pits total. Not all exit pits will require coffer dams. Coffer dams are the most
preferable engineering solution to prevent Bentonite entering the marine environment.
Other systems to coffer dams may include a drilling fluid management system.

4.9.1.9 HDD operations will be carried out in advance of cable pulling and potentially by different
contractors. Therefore, the maximum number vessel trips reflect this, for example, HDD
drilling and duct installation in Year One, cable pull in in Year Two. Therefore, the number
of main vessels return trips outlined in Table 4.31 reflects both HDD and cable pull-in
activities in separate seasons.
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Table 4.31: Maximum design parameters for marine operations at HDD punch out locations.

Vessel Type Maximum number of Maximum number of Foot print
(simultaneous) return trips per vessel
vessels type
Installation barge or vessel (Anchor if jack-up or pontoon:
barge, jack-up barge/vessel or DP- 3 24 400m?2
barge/vessel) or support pontoon
Support vessels (CTV, Tug, dredging if Anchor barge: 2099 N/A
vessel, multicat etc.) 600m?2

4.9.1.10 Due to the expected complex nature of the HDD, with offshore punch out and relatively
long drill length, it is prudent to allow for multiple HDD rigs to reduce the overall time
frame for the landfall works and allow sufficient time for the other associated works, such
as construction of transition joint bays, offshore and onshore cable installation to the
transition joints and the jointing and testing of the completed cables prior to energization.

4.9.1.11 It would not be expected for any other works to be undertaken whilst the HDD works are
ongoing. In addition, with a wet punch out, the HDD works are much more susceptible to
weather related issues offshore so sufficient time is allowed in the construction programme
for potential weather delays. Each HDD drill would be expected to take up to 3 months to
complete, so for a maximum of 8 drills this could take up to 24 months. With two drill rigs
employed working simultaneously, the expected duration could be reduced to 12 months,
with a third rig likely only to be used if delays are experienced due to a combination of
weather issues, drilling difficulties, equipment breakdown or other likely to impact the time
schedule for other activities, mainly the offshore cable installation works.

4.9.1.12 All works at the landfall are required to be planned for;

e Formation of Landfall Compound and access arrangements;
e Landfall HDD works;

e Transition joint bay construction;

e Onshore Cable Installation to transition joint bays;

e Offshore Cable Installation to transition joint bays; and

e Transition Joint Bay Jointing works.

4.9.1.13 Therefore, any reduction in the construction time period for the Landfall HDD works as a
result of multiple HDD rigs being employed allows for greater flexibility in completing the
remainder of the existing works at the landfall within the required project timescales.

4.9.1.14 A temporary access track will be required for beach access (see Figure 4.15). This is
expected to be a either a stone aggregate track or trackway (see Inset A on Figure 4.16), a
maximum of 10 m wide to allow for around a 6 m running track. A temporary access road
would be installed on the field above the foreshore, using a combination of stone
aggregate and geotextile membranes or ground protection mats

Al.4.
Version C

Page 80/129



Hornsea 4 Orsted

4.9.1.15 Once the temporary access road has reached the edge of the cliff, pre-filled stone or sand
bags (see Inset B on Figure 4.15) can be lowered on to the beach using a small excavator
until the beach is level with the road and the tracked excavator can traverse on to the
beach to prepare a suitable ramp access to allow vehicles to pass safely between the
track and the beach. A small micro bridge (see Inset C on Figure 4.16) can then be installed
at the crossing location to ensure that the field and beach below is suitably protected from
any required beach traffic. The temporary access track would cross the cliff top and
extend to the upper foreshore at the location shown on Figure 4.15 to allow the required
vehicles construction access to the upper foreshore.

4.9.1.16 The location for nearshore access is presently low lying (see Inset D on Figure 4.16) relative
to the beach (0.75-1.0 m), it would therefore be expected that any required ramp
construction would be minimal at this location, as the cliff height extends over a distance
of 8-15 m, suitable for the construction traffic which may be required on the beach. The
actual construction method would take into consideration the extent of any subsequent
erosion prior to construction commencing.

Figure 4.16: Sand bag and access track construction for temporary beach access

49.2 Construction

4.9.2.1 During intertidal works, a landfall logistics compound (200 x 200 m) is required on the
onshore side of the Hornsea Four intertidal area. The location of the landfall logistics
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compound will be located in the landfall area shown in Figure 4.15. This will house the TJB
works as well as any HDD works required, including supporting equipment and facilities.
The maximum design parameters for the TJBs and Hornsea Four intertidal area are
presentedin Table 4.32.

4.9.2,2 Durations for activities provided in Table 4.32 demonstrate that certain activities forming
part of the landfall HDD works have a significantly shorter duration than the overall
construction window. However, the duration of works from start to finish must allow
flexibility for these activities to shift within the overall timeframe to account for variables
such as the timings of offshore and onshore works reaching landfall and weather, etc. In
addition, the overall duration of works allows for mobilisation and demobilisation of
equipment and vessels.

49273

Table 4.32: Maximum design parameters for TJBs and landfall works.

Parameter Maximum design parameters
Number of TJBs HYDC/HVAC 8(6)

TJB depth (m) 6

Landfall logistics compound (m?) 40,000

Duration of works for each HDD/TJB (months) 4

Duration of works (start — finish) (months) 32(8x4)

Trenchless techniques (HDD)

4.9.2.4 HDD involves drilling a long borehole underneath the Hornsea Four intertidal area using a
drilling rig located in the TJB works area (Figure 4.17). The technique avoids interaction
with surface features and is used to install ducts under the intertidal area and out to sea
into which the offshore export cables can be installed. For HDD works, the site will be set
up in the following way:

. Demarcation of the required compound will be made using security fencing;

. Topsoil will be removed and stored within the allocated compound areas;

. Stone and tarmac will be imported for final surfacing, followed by site setup works
and Porta cabin deliveries;

. Existing access roads may be upgraded, or new access roads may be constructed into
the landfall logistics compound; and

. HDD Drill rig and associated equipment will be delivered to site and set up ready for
drilling operations.

4.9.2.5 As the drill is carried out between a start and end point, pits must be dug at both ends of
the planned drill to below the level required for the cable, so the drilling rig can carry out
the drill horizontally, and the ducts can be installed. Two pits would be required per duct,
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one on the landward side and one offshore. The HDD exit pits will be located at a minimum
of 400 m and a maximum of up to 1,500 m from the TJB, though the final locations will be
confirmed post-consent.

4.9.2.6 The process uses a drilling head controlled from the rig to drill a pilot hole along a
predetermined profile to the exit point. This pilot hole is then widened using larger drilling
heads until the hole is wide enough to fit the cable ducts. Drilling mud is pumped to the
drilling head during the drilling process to stabilise the hole and ensure that it does not
collapse.

4.9.2.7 An example of an HDD rig undertaking a HDD for an export cable landfall can be seen in
Figure 4.18.

Temporary compound area A
and transition joint bay. Maximum depth: ém

N

Exit pit

Figure 4.17: Indicative HDD arrangement (indicative only).
4.9.2.8 The equipment used specifically for the HDD works are;

. Drill Rig (250 Tonne Rig);

. Drill Rig Hydraulic Power Unit;

. Mud Pump / Generator Engines;

. Tractors associated with drill and mud rigs;
. Mud pump and cleaner;

. Mud Shaker;

. Mud Holding Tanks;

o Generators;

o Hiab Loader Crane;

. Excavator;

. Lighting;

. Jack Up Barge or shallow water barge;
. Tug Vessels;

. Low loader vehicles;

. Long Reach Excavator; and

. Vehicle Tanker.

Al.4.

Version C Page 83/129



Hornsea 4 Orsted

‘ - *
. J -

Figure 4.18: HDD rig carrying out landfall works at the Westermost Rough offshore wind farm

4.9.2.9 The HDD exit pit may be located above mean high water (MHW), within the Hornsea Four
intertidal area (intertidal punch out) or below mean low water (MLW). Exit pits will be
excavated or dredged to the required depth. Depending upon the final methodology and
location of the exit pits, it may be necessary to consider dewatering (pumping dry) and
water exclusion (e.q. cofferdams). Measures for management and containment of drilling
slurry may need to be implemented at the exit pits, and these may comprise the use of a
mud return line to recover and recycle fluid from the punch out location or an alternative
mud recovery assembly located at the exit pit area. The detailed landfall construction
methodology will be defined once further site-specific surveys and feasibility studies have
been conducted.
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4.9.2.10 Divers will be used to locate the precise location of the HDD punch out. The jack up barge
or lay barge will be located behind the punch out location and the exit pit will be
excavated using a long reach excavator located on the jack up or lay barge. There will be
up to three exit pits open at any given time (onshore and within the marine environment). If
the pits are dredged, they will be backfilled immediately following duct installation. After
the exit pit is completed, divers will used to recover the pilot drill on to the jack up and the
BHA (Bottom Hole Assembly) will be disconnected and recovered.

4.9.2.11 Dependant on the ground conditions, drill hole opening, and reaming phases will take
place either at the drill rig side, (forward reaming) or from the jack up / lay barge location.
In this case, the required drill rods will be transported to a marine port and transported to
the jack up / lay barge by vessel. Drilling, hole opening, reaming and cleaning of the drill
hole will continue until complete and the drill hole is ready to accept the HDD duct.

4.9.2.12 Once the drilling operation has been completed the ducts (within which the cables will be
installed) are pulled through the drilled holes. These ducts are either constructed offsite,
then sealed and floated to the site by tugs, or will be constructed within the landfall
logistics compound and, if required within the Hornsea Four onshore export cable corridor,
then pulled over the beach on rollers. The ducts are then pulled back through the drilled
holes either by the HDD rig or by separate winches. When the offshore export cables are
installed, they are pulled through the pre-installed HDD ducts by winches in the TJB
working area.

4.9.2.13 Once the ducts have been installed, the pits will likely be temporarily back filled until the
time for cable pull-in. The ducts may be temporarily ballasted with concrete mattresses or
similar to reduce the effects of any buoyancy of the installed ducts. The ducts will then be
re-exposed (dredged) for a period of up to two weeks (no coffer dams are necessary for this
operation) to pull in the cables. Best practise recommends using interim tensioners if the
distance between the landfall winch and cable lay vessel exceeds 500m to avoid a too
high pull-in tension which could damage the submarine cables. It is therefore proposed to
mobilise interim tensioners either on pontoon, barge or jack-up vessels maintained by a
minimum of a 4-point mooring system, which will be set-up with the support of tugboats
and anchors handling vessels.

4.9.2.14 If material is removed by barge to a designated disposal site, before being recovered for
backfilling, excavated material will need to be re-imported from the storage area. Some
additional material (e.g. rocks) may be necessary to make up for any loss, or in case the
onward plough cannot bury the cable within the exit pit.

4.9.2.15 The maximum duration for HDD works at landfall is 24 months, within a 32 month period.
Wherever possible access will be maintained across the beach and alternate public access
established, however should emergency response works be necessary (for example in
response to a bentonite break out), these activities would require that parts of the beach
or intertidal area are closed off to the public temporarily. Where PRoWs are required to be
closed during the construction of the onshore connection works, they will not be closed for
any longer than three months at any one time, or for six months in total over the whole
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construction period. Where closures are required for longer period, East Riding of Yorkshire
Council will be informed in writing.

4.9.2.16 The maximum design parameters for HDD at the landfall are presented in Table 4.33.

Table 4.33: Maximum design parameters for landfall HDD.

Parameter Maximum design parameters
HDD cable ducts 8

Diameter of ducts (m) 1

Length of ducts (km) 1.5

HDD entry pit area (m?) 125

HDD entry pit depth (m) 6

HDD burial depth maximum (m) (along ECC) 40 (20)

HDD burial depth minimum (m) 5

HDD exit pits number 8

HDD exit pit area —HDD (m?) 900*

HDD exit pit excavated material volume (m?3) 2,500

HDD exit pits depth (m) 5

Temporary onshore/intertidal HDD exit pit working area 1,600

(m?)

HDD operational noise (dB) 120

Duration 24 months (3 month per circuit)*

#the shape and orientation of coffer dams will be considered on a receptor by receptor basis

*24 months within 32 month construction window to allow for 6 months weather downtime.

4.9.2.17 Overall, individual HDD operations may take up to three months per drill; an indicative
program is described below:

. Maximum one month site setup (including pit excavation);
e  Two months pit fully open, drilling & duct pull-in happening; and
. Maximum one-month reinstatement (including backfill and cofferdam removal).

4.9.2.18 A landfall logistics compound (15,000 m?) will be established up to one month before
installation. This would include plant storage, consumable storage area including fuel,
welfare facilities, parking, pulling winches, anchor points and TJB. In addition, whilst works
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are ongoing on the beach, a temporary closure or diversion may be required from MLW to
the landfall logistics compound for operational, and health and safety reasons. This would
be up to one month per cable.

4.10 Onshore Infrastructure Construction
4.10.1 Onshore export cables

4.10.1.1 The Hornsea Four onshore export cable corridor consists of an 80 m onshore temporary
easement (although a wider corridor of 120 m is provided for at the crossing of the
National Rail Network at Beswick). The permanent easement width will be 60m except
where obstacles are encountered such as the Network Rail Crossing near Beswick (where
the permanent footprint is may be extended up to 120m to facilitate HDD of the railway
line), and on the approach to the landfall and onshore substation. An overview of the
Hornsea Four onshore export cable corridor is presented in Figure 4.19.
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Figure 4.19: Hornsea Four onshore cable corridor and access and compound locations.
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Components of the onshore export cable corridor

Onshore export cables
4.10.1.2 Table 4.34 shows the maximum design scenario for the onshore export cables. Small fibre
optic cables may also be buried alongside the onshore export cables in order to allow for

communication to the wind farm for the various control systems in place for the project.

Table 4.34: Maximum design parameters for onshore export cables.

Parameter Maximum design parameters
HVAC - number of cable circuits 6
HVAC - number of cables 18
HVDC — number of circuits 4
HVDC — number of cables 8
Approximate Hornsea Four onshore cable corridor length (km) 39
HVDC cable - Voltage (kV) 600
HVDC cable — Current using 300kV cable (kA) 2.59
HVAC cable — Voltage (kV) 400
HVAC cable — current using 220kV cable (kA) 1.62
Diameter of duct (mm) 480

4.10.1.3 The cables will be installed within the Hornsea Four onshore export cable corridor, with an
expected width of 80 m (this includes both the permanent installation area and temporary
working area). The layout for the Hornsea Four onshore export cable corridor can be seen
in Figure 4.20. The width of the permanent and/or temporary areas may change where
obstacles are encountered, such as the crossing of the National Rail Network at Beswick
where the ECC has been extended to 120 m to facilitate HDD of the railway line. The
reason for the increased width at these locations is to facilitate the future delineation of
the landfall compound and NGET connection locations, at which point the temporary
areas will dissolve to leave the permanent easement of the respective cables.

4.10.1.4 Network Rail places stringent conditions upon any party seeking to cross their assets in
order to ensure the safety and operability of the rail network. A standard restriction is on
the level of subsidence or heave which can be tolerated as a deflection of the rails. HDDs
inherently, due to the drilling, reaming, duct pulling operations as well as the pressure of
the drilling fluid itself, have the potential to result in some small change in ground level
directly above. The exact value of this will depend upon site specific factors such as the
geometry of the railway embankment, ground conditions, the number of drills, drill depth,
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the size of the duct diameter, the spacing of the drill shots, the required pressure of the
drilling fluid.

4.10.1.5 The project considers that 120 m would provide sufficient design flexibility. This is based on
experience from similar operations on previous projects. The exact design, spacing &
configuration of this and all HDDs will be defined in the detailed design phase, once a
contractor is appointed and crossing methodologies are agreed with affected third parties.

Soll Storage Areos

Subsoil Temporary Fencing

Topsolt
Houl R
P . Tronch Sl

T W

Cable

Permanent Works Area (60m)

Temporary Works Area (80m)

Figure 4.20: Onshore export cable corridor indicative layout showing the maximum of 6 onshore
circuits (indicative only).

4.10.1.6 The cables will be buried within ducts, where technically feasible, in multiple separate
trenches (up to six trenches, each containing one circuit), however in some circumstances
some trenches may be combined to aid installation. The total combined numbers and
volumes will not exceed those stated in Table 4.34. The onshore export cables will
typically be installed in sections of between 750 m and 3,000 m at a time.

4.10.1.7 The installation of the onshore export cable is a linear construction project with an
expected overall construction duration of up to 30 months in total. The construction works
associated with the installation of the export cables encompasses a number or discrete
construction activities undertaken along the length of the cable route, the duration of
each activity at any location being dependent on the nature of the construction activity
being undertaken.

4.10.1.8 These discrete construction activities can be broadly described as preliminary right of way
works, HDD works, cable trenching, duct installation, joint bay construction, cable
installation and jointing works and re-instatement works. The preliminary works aim to
secure and prepare the cable route corridor for the main construction activities to follow
and generally consist of fencing, vegetation clearance, preparation of access routes,
drainage works, top soil removal and storage and construction of the haul road. Such
preliminary work activities would move progressively through the full cable route, allowing
full access to the cable route for the main construction activities to follow.

4.10.1.9 The main construction activities of HDD work, cable trenching, duct installation, joint bay
construction, cable installation and jointing would move progressively along the corridor,
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optimal progress being dependent on the availability of resources, weather conditions or
other engineering challenges which may arise during the works. To allow for the maximum
flexibility in completing the works in a safe and efficient manner, the main activities are
completed sequentially at any location prior to the next activity commencing. As such,
works at any location would be intermittent, the duration being determined by the nature
of the activity, until all the main construction works are completed, and all cables are
installed jointed and successfully tested.

4.10.1.10 On completion of the main activities, the corridor would be fully reinstated, ready to
be handed back to the landowner. Such reinstatement activities would include the
removal of the haul road and access points, installation of post-construction drainage,
reinstatement of topsoil and removal of fencing and temporary access arrangements.
Such reinstatement works are very much weather dependent, the works generally being
carried out in favorable weather conditions.

4.10.1.11 As such, whilst the completion of the overall cable installation works can be
expected to take up to 30 months in total, discrete works at any location would be take a
considerably shorter period as would be expected of a linear project. However, to
complete the works in the most time efficient and optimal manner, the entirely of the
cable route corridor would be expected to be required for most of the 30 months, from the
initial preparation of the route to the final reinstatement at the completion of the works.

Joint bays and link boxes

4.10.1.12 Joint Bays (JBs) will be required along the Hornsea Four onshore export cable corridor,
these are typically concrete lined pits, which provide a clean, dry and safe environment for
jointing the sections of cable together. These are similar to the TJBs described in Section
4.9.1.4 but are typically smaller. As with the TJBs, these will be completely buried, with the
land above reinstated. The maximum design parameters for JBs are presented in Table
4.35. JBs will only require access in the event of a cable failure requiring replacement.

4.10.1.13 Link boxes (LBs) will also be required along the Hornsea Four onshore export cable
corridor. These are smaller pits, compared to JBs, which house connections between the
cable shielding, joints for fibre optic cables and other auxiliary equipment. Land above the
link boxes will also be reinstated, however, they may need manhole covers for access
during the operational phase. The maximum design parameters for LBs are presented in
Table 4.35.
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Table 4.35: Maximum design parameters for joint bays (JBs).

Orsted

Barameter Maximum design parameters*
Joint bays Link boxes
Number of JBs/LB 240 240
Max distance between JB/LB (on one circuit) (m) 3000 3000
Min distance between JB/LB (on one circuit) (m) (most likely) 750 (1,000) 750 (1,000)
Width (m) 9 3
Length (m) 25 3
Area (m?) 225 9
Depth (m) 2.5 2.0
Total area (m?) 54,000 2,160
Spoil volume per JB/LB (m3) 563 18
Total excavated volume (m?3) 135,000 4,320

* Values the same for AC/DC

Access points

4.10.1.14 A total of 35 access points will be required from the public highway to access the

construction corridor and logistics compounds for Hornsea Four (see Figure 4.21).
Temporary access points off the highway will be installed to facilitate vehicular access
from the road network, and into to the Hornsea Four onshore export cable corridor during
construction.

4.10.1.15 Access points will be required from the start of construction for all access points

identified (see Figure 4.21). Temporary access points have been assessed for the effect on
the road network in Volume A3, Chapter 7: Traffic and Transport. Detailed design of
roadworks has not been fully developed; locations have been agreed with ERYC and
designs shall be agreed with ERYC post-consent. At the point of ES, no formal assessment
of these detailed designs has been undertaken. Figure 4.21 presents the access potentially
requiring detailed road junction works and traffic management arrangements in relation to
the public highway. The nature and extent of these will be determined in consultation with
ERYC and Highways England.

4.10.1.16 Further details on access will be documented in the Traffic Management Plan section

of the Outline Code of Construction Practice (Volume F2, Chapter 2: Outline Code of
Construction Practice (Including Outline Construction Traffic and Travel Plan).
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Figure 4.21: Location of potential road junction works and traffic management arrangements.
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Haul road and Access Points

410.1.17 To provide access to the Hornsea Four onshore export cable corridor and to limit
damage to agricultural land, a haul road will be installed as part of the preliminary cable
works at the start of construction. The haul road, typically 6 m wide (Table 4.36) will
potentially extend the full length of the Hornsea Four onshore ECC (except at certain HDD
locations unsuitable for construction traffic). The haul road provides vehicular access along
the Hornsea Four onshore export cable corridor off the public highway and will be used
where needed throughout the installation works for the export cable.

4.10.1.18 In general the haul road would remain in place for the duration of the works, only
being removed prior to final reinstatement. Where it is applicable, Hornsea Four may be
able to remove sections of haul road that are not subject to further expected traffic prior
to the completion of the construction works. However, it would not be possible to indicate
where and when such haul road removal could be undertaken at this stage of project
development.

4.10.1.19 Consideration has also been given to utilising existing access tracks, where possible.
In these cases, the width of the access road may be narrower as there is no requirement to
store topsoil. The route and design of these access roads where they are located outside
the 80 m working width of the cable corridor are shown on the Works Plans (see Volume
D1, Annexes 4.1 and 4.2).

4.10.1.20 One haul road will be required and will run along the export cable route, in parallel to
the onshore export cables. Where there are obstacles that must be crossed by the haul
roads, such as drainage ditches, temporary culverts or bridges may be installed

410121 The haul road will be utilised during installation and will be made up of a maximum of
1 m (average 0.4 m) of crushed aggregate with a geotextile or other type of ground
protective matting, such as GPR plastic, metal or wooden plates or grating. The exact
specification of the road will be determined upon appointment of a Principal Contractor.
However, other access methodologies, such as steel trackway or bog mats, might be
appropriate if necessitated by ground conditions or if the contractors have a different
preference from stone.

Table 4.36: Maximum design parameters for onshore cable access and haul roads.

Parameter Maximum design parameters

Haul road width (m) 10 (includes hard standing, soil storage and fencing)
Haul road hardstanding width (at passing places) (m) 6(7)

Maximum depth of haul road (m) 1.0

Average aggregate depth of haul road (m) 0.4
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Parameter Maximum design parameters

Roadway construction Crushed aggregate on geo-textile, soil stabilisation or
temporary trackway.

Temporary culvert/bridge crossings length (m) 10

Temporary culvert/bridge crossings width (m) 6

Temporary logistics compounds

4.10.1.22 Logistics compounds of various sizes (One x primary at 140 m x 140 m and Seven x
secondary at 90 m x 90 m) will also be required along the Hornsea Four onshore export
cable corridor, for laydown and storage of materials, plant and staff, as well as providing
space for small temporary offices, welfare facilities, security and parking. Logistics
compounds will also be required for crossings of other infrastructure to house operations
such as drilling works. They will also be required around JB and LB construction. All logistics
compounds will be removed, and sites restored to their original condition when
construction has been completed, however it may be necessary to retain some compounds
for slightly longer periods during the commissioning stages of Hornsea Four. The maximum
design parameters for logistics compounds are presented in Table 4.37.

4.10.1.23 The hierarchy of logistics compounds are summarised below:

. Al logistics compounds will be required to support the construction of the onshore
export cables. A logistics compound would be built as a focal hub for the Contractor,
sub-contractors and the client for the duration of the works and would be
constructed before the cable route works commence at any location and would
remain for the duration of the project. It may be necessary to retain part of the
compound during the commissioning stages of Hornsea Four. The logistics
compounds will be in place for period of up to 36 months and would include, but not
limited to;

o Office accommodation, including all desks, seating, office storage, welfare
etc. to accommodate all staff (60+);

Meeting Rooms;

All relevant utility services, power, water, heating, lighting
telecommunications, internet and Wi-Fi connections;

Printing, scanning and copying facilities;

Car parking for all project staff;

Canteen facilities;

Drying, storage and changing facilities for Personal Protective Equipment;
Material storage;

Waste storage;

Cable drums;

Security fencing; and

Security.

o

0O 0O 0O O O O O O O
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. Logistics compounds may also operate as support bases for the onshore construction
works as the cable work fronts pass through an area. They may house portable
offices, welfare facilities, localised stores, as well as acting as staging posts for
localised secure storage for equipment and component deliveries.

. Storage locations would also be required along the Hornsea Four onshore export
cable corridor. These would operate as areas where some limited additional storage
may be provided in addition to that land provided for along the onshore export cable

corridor.

Table 4.37: Maximum design parameters for logistics compounds.

Parameter

Maximum design parameters

Primary logistics compound (length and width) (m) x 1

Maximum required: 140 x 140

Secondary logistics compound (length and width) (m) x 7

Maximum required: 90 x 90

Total number of logistics compounds

8

Logistics compound use (duration per compound) (months) *

36

Total number of HDD locations

112 (93 actual locations and 20% contingency)

Total number of HDD compounds

224 (entry and exit at112 locations)

HDD compounds (length and width) (m) 70x70
HDD compounds hardstanding (aggregate length and width) (m) 50x 50
HDD compound construction duration per compound (month) 1
Total number of JB/LBs 240
JB/LB Compounds dimensions (length and width) (m) 40%40a
JB/LB compound construction duration per compound (months) 1

* Includes commissioning

Installation of the onshore export cables

Demarcation of the cable easement
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4.10.1.24 Fencing will be installed along the entire export cable route to define the Hornsea
Four onshore export cable corridor and works areas. The type of fencing to be used will be
dependent on the land use where the cable corridor crosses it. Discrete work areas will be
fended off as required. Further details on fencing are documented in the Outline Code of
Construction Practice (Volume F2, Chapter 2: Outline Code of Construction Practice).
Fencing will be installed as part of the pre-construction activities and would typically
consist of:

. Post and rope for arable land;
. Post and rail for horse fields; and
. Post mesh and wire/barb for cattle and sheep.

Preliminary Construction Works

4,10.1.25 Prior to excavation of the cable trenches the topsoil will be stripped and stored as
part of the preliminary construction works. Where practicable, topsoil will be stored in
bunds along the cable corridor adjacent to where it is removed. Once the topsoil is stripped
any required temporary haul roads will also be installed along the Hornsea Four export
cable corridor to allow construction traffic to move along the cable corridor. A pre-
construction drainage scheme will also be installed within the cable corridor to maintain
the effectiveness of the existing field drainage arrangements during the works and to
provide drainage within the cable corridor during the construction works.

4.10.1.26 To facilitate access along the cable route, a number of small ditches will be required
to be crossed by installing a suitably sized flume pipe. The flume pipe will be installed in
the bed of the ditch at the crossing location. Sand bags are then placed around the pipe.
The pipe is then surrounded with imported material up to the existing level of the bank. If
required, bog mats or similar protective matting is laid over the imported material to
provide the required traffic running surface. At some locations, where the ditch is of
sufficient width/depth, the use of Bailey bridge is preferred.

Cable Trench Excavation and Duct Installation

4.10.1.27 The subsoil will be excavated, and the subsoil stored adjacent to the cable trenches
and segregated from the previously stripped topsoil. The trenches will be excavated using
mechanical excavators, and the cable and fibre optic ducting will be installed into the
open trench. Imported backfill material will surround the cable ducting both below and
above the ducting to ensure a consistent structural and thermal environment for the
cables. The maximum volumes of imported stabilised backfill material (i.e. that not
originating from the excavated trench) are presented in Table 4.38. However, this value is
considered to be a maximum and will not be required at most locations along the export
cable route. All excavated material from the trenches will remain on site, unless deemed
unsuitable for re-use. Protective tapes or tiles and warning tapes will be installed within the
trench to protect the cables from damage from third parties and to provide a warning of
