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Glossary
Term

Definition

Arisings

The soil that is displaced, or raised, from a drilled hole. For the
purposes of this document, this soil is then considered spoil.

Cable Circuit

A circuit is defined as a collection of conductors necessary to transmit
electric power between two points. For underground cable systems
the number of conductors depends on the type of transmission
technology. For HVAC transmission there will be 3 conductors (or a
multiple of 3), one for each phase. These can either take the form of
three conductors bundled as one cable, or three separate cables. For
HVDC transmission only two conductors (or multiple of 2) are
necessary (assuming an earth return is not used). These typically are
separate cables but may be attached together offshore for ease of
installation. If there are multiple circuits between two points they
typically will be differentiated by their ability to be isolated (by circuit
breaker or disconnector) at either end. The circuit may or may not
include one or more fibre optic cables for the purpose of control,
monitoring, protection or general communications.

Design Envelope

A description of the range of possible elements which make up the
project design options under consideration, as set out in detail in
Chapter 3: Project Description. This envelope is used to define the
project 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.

Dynamic Positioning
(DP)

An advanced autopilot system installed on vessels that consists of
thrusters, GPS, and a control unit. The system is capable of
automatically holding a vessel at location and heading specified by
the operator.

Edge Weighted
Layouts

A type of wind turbine layout where the spacing at all or some of the
boundary of the wind farm is less than the spacing between some or
all of the inter array turbines.

Spoil

Waste soil or sediment that is excavated or drilled out as part of the
Project’s installation works.

Trenchless
Techniques

Also referred to as trenchless crossing techniques or trenchless
methods. These techniques include HDD, thrust boring, auger
boring, and pipe ramming, which allow ducts to be installed under an
obstruction without breaking open the ground and digging a trench.

4.3.2 Subsea noise technical report

Weather Downtime

Hours or days when the weather conditions, including wave, tide,
current, and/or wind, prevent work.

4.3.3 Site Waste Management Plan

Wind Turbine
Generator

All of the components of a wind turbine, including the tower, nacelle,
and rotor.
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3.1

Design Envelope Approach

PROJECT DESCRIPTION
3.1.3

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

3.1.4

NPS EN-1 acknowledges that not all of the precise detail of the design of a NSIP may
be settled at the time an application is made for development consent and states:

Introduction
Purpose of this Document

3.1.1

The ‘Project Description’ sets out the engineering design of the project based on
conceptual design information and current understanding of the environment from
initial survey work. It sets out a series of engineering options from which the final
design will be refined later in the project development lifecycle. The generic contents
of a Project Description are depicted in Figure 3.1 below:

“Where this is the case, the applicant should explain in its application which elements
of the proposal have yet to be finalised, and the reasons why this is the case.” (NPS
EN-1, paragraph 4.2.7).
3.1.5

NPS EN-1 goes on to refer to how the possible extents of development, where not
finalised, should be considered in the Environmental Statement (EN-1 paragraph
4.2.8) and that the Secretary of State may need to reflect this in the development
consent requirements (NPS EN-1 paragraph 4.2.9).

3.1.6

In the 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:

3.1.7

Figure 3.1

precise location and configuration of turbines and associated development;



foundation type;



exact turbine tip height;



cable type and cable route; and



exact locations of offshore and/or onshore substations.”

NPS EN-3 (paragraph 2.6.43) continues:
“The Secretary of State 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 Secretary of State, 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 to ensure that the project
as it may be constructed has been properly assessed (the Rochdale [Design]
Envelope).” (DECC, 2011d).

Project Description Contents.
3.1.8

3.1.2



NPS EN-3 also states 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”.

The information within the Project Description document underpins Environmental
Impact Assessment (EIA) studies by providing the design parameters to be
considered and presented in the Final Environmental Statement submitted with the
Development Consent Order (DCO) application.
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3.1.9

Throughout this Project Description the Design Envelope (otherwise known as the
"Rochdale Envelope") Approach has been taken where exact design parameters are
not known given that the detailed technical specification will not be known until a final
decision has been made about procurement options for each of the parameters
described. Therefore, in most cases this Project Description identifies a range of
possible sizes and types of project design components – both in text and also in a
summary table identifying key parameters that have been used to inform the Project
Two EIA. This is intended to allow meaningful assessments of Project Two to
proceed, whilst still allowing reasonable flexibility for future project design decisions.

3.1.10

The Project Two site selection process has been described in Volume 1, Chapter 4:
Site Selection and Consideration of Alternatives and includes the selection process
for Subzone 2 and the final choice for the cable route corridor and landfall. Volume 1,
Chapter 4 also describes the process for identifying indicative layouts for Subzone 2,
as shown in Figure 3.5.

3.1.11

The design information presented in this Project Description and the rationale for
selecting the Project Two site have been brought together and comprise the detail of
the works description as set out in the DCO for Project Two.

The Proposed Development
3.1.12

This Project Description describes Project Two within the Hornsea Zone. Project Two
has a proposed capacity of up to 1,800 megawatts (MW) and is the second of a
number of wind farm projects planned for the Hornsea Zone to meet a target Zone
capacity of 4 gigawatts (GW).

3.1.13

The first wind farm project within the Hornsea Zone, Project One, has a capacity of
up to 1,200 MW and was submitted to the Planning Inspectorate in July 2013.

3.1.14

The joint applicants for the DCO for Project Two are Optimus Wind Limited and
Breesea Limited (hereafter for their respective rights, interests and undertakings
referred to as ‘the Developer’). These companies are owned jointly by Mainstream
and Siemens. The application for development consent for Project Two has been
compiled and consulted on by SMart Wind on behalf of ‘the Developer’.

The Zone
3.1.15

Under the Round 3 offshore wind licensing arrangements, The Crown Estate (TCE)
awarded SMart Wind the right to develop wind energy generation in the Hornsea
Zone, located off the east coast of England (Figure 3.2) pursuant to the Zone
Development Agreement (ZDA). Through the ZDA, a target capacity of 4,000 MW
(i.e., 4 GW of offshore wind power has been established).

3.1.16

The Hornsea Zone is located in the southern North Sea, covering an area of 4,735
square kilometres (km) (Figure 3.2). The East Riding of Yorkshire coast lies 31 km to
the west of the Zone’s boundary. The Zone’s eastern boundary is 1 km from the
median line between UK and Netherlands waters.
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3.1.17

The right to develop the Hornsea Zone is subject to SMart Wind being successful in
obtaining the necessary consents and licences from any authority, government
department, agency or court for the construction, operation and decommissioning of
each of the individual offshore wind farms that would be located within the Hornsea
Zone.

3.1.18

Development of the Hornsea Zone will consist of a number of projects which will be
identified through analysis of the spatial constraints within the Zone supported by the
Zone Environmental Appraisal (ZEA) process (EMU Ltd., 2011).

Figure 3.2

Location of the Hornsea Zone.
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Summary of the Project Components
3.1.19

Project Two comprises Wind Turbine Generators (WTGs) and all infrastructure, such
as electrical export cables and substations, up to the point of connection with the
National Grid network via the Killingholme Substation, an existing 400 kilovolt (kV)
substation located in the Humber region.

3.1.20

Project Two will have a total generating capacity of up to 1.8 GW. Therefore, there
will be up to 360 WTGs (depending on WTG type) within Project Two, with WTG
capacities ranging from 5 MW up to 15 MW being considered. This 1.8 GW may
include 15% of ‘overplanting’, or WTG generating capacity more than it has grid
connection capacity. Due to scheduled and unscheduled downtime of WTGs and the
fact that the wind is not always present at or above the rated wind speed of the
WTGs, it is very unlikely that all of the WTGs will all be operating at maximum
capacity at one time. Therefore, to best utilise the project’s electrical infrastructure
and to maximise its profitability it is anticipated that overplanting of between 5 and
15% might be built.

3.1.21

SMart Wind is including the option to connect Project Two to the National Grid
network using either High Voltage Alternating Current (HVAC) technology, High
Voltage Direct Current (HVDC) technology, or a combination of the two. The inclusion
of both transmission technology options in the DCO consent submission to the
Planning Inspectorate (PINS) is required to meet full technical and economic flexibility
to deliver against government targets for offshore wind cost reduction. Figure 3.3
presents a schematic representation of the differences between the HVDC and
HVAC technology. A comparison of the parameters for HVDC and HVAC
transmission options is presented in Table 3.1.

3.1.22

Figure 3.3

It is important to note that whilst both the HVAC and HVDC options are being
considered, it is assumed that only one transmission option will be developed during
the final design of the project following consent described separately, a combination
of both technologies – 900 MW of each, for example – could be used to connect
Project Two to the National Grid network. The realistic worst case scenario has been
chosen for all environmental assessments and in some cases that is a combination of
both HVAC and HVDC.
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Main components of HVDC and HVAC transmission system options for
Project Two.

Table 3.1

Component
Offshore HVAC collector
substations
Offshore HVDC converter
substations
Offshore HVAC reactive
compensation substations
Export cable circuits
Offshore platform interconnector
cables

Maximum HVDC
requirements

Maximum HVAC
requirements

6

6

2

Not required

Not required

2

2
12 (two per offshore
HVAC collector
substation)
Accommodation platform power
2 (one per
cables
accommodation
platform)
Offshore export cables comprising 4 HVDC (up to 2 single
the circuits
core cables per circuit)
Onshore export cables comprising 4 HVDC (up to 2 single
the circuits
core cables per circuit)
Offshore cable trenches
4 (1 offshore HVDC
cable per trench)
Onshore cable trenches
4 (1 onshore HVDC
cable per trench)
Onshore substation
Includes HVDC
converter equipment

3.1.23

Site Location

Comparison of parameters for HVDC and HVAC transmission options.

Offshore infrastructure
3.1.24

Subzone 2 is situated within the centre of the Hornsea Zone with a total area of
462 km2.

3.1.25

The term Subzone 2 is used to describe the area within the Hornsea Zone containing
the offshore array element of Project Two. This comprises WTGs, inter-array cabling,
offshore HVAC collector stations, offshore HVDC converter substations (in the case
of the HVDC option), offshore accommodation platforms, and all associated
infrastructure. Project Two consists of the infrastructure contained in Subzone 2 plus
the offshore export cables, offshore HVAC reactive compensation substations (in the
case of the HVAC option), cable landfall, onshore cables, onshore substation and
associated infrastructure and works (Figure 3.3).

3.1.26

The western boundary of Subzone 2 is 89 km from the coast of the East Riding of
Yorkshire and the eastern boundary of Subzone 2 is 50 km from the median line
between UK and Dutch waters (Figure 3.2). The co-ordinates of the outer points of
Subzone 2 are provided in Table 3.2 and are fully illustrated in the Work Plans and
listed in the Works Plan (Offshore) (Document Reference 5.1) and specified in Part 1
of Schedule A of the Draft Development Consent Order (Document Reference 3.1).

8
Not required

2 (one per
accommodation
platform)
8 HVAC (1 three core
cable per circuit)
24 HVAC (up to 3 single
core cables per circuit)
8 (1 offshore HVAC
cable per trench)
8 (3 onshore HVAC
cables per trench)
Includes HVAC
equipment only

In the following sections a description is given of the likely location, design,
dimensions, installation, operation, and subsequent decommissioning phases of the
following key Project Two components, schematic illustrations of which can be found
in Annex 4.3.7:


WTGs;



Offshore cabling (comprising inter-array, export and platform interconnecting
cables);



Offshore accommodation platforms;



Offshore HVDC converter substations;



Offshore HVAC collector substations;



Offshore HVAC reactive compensation substations;



Onshore cabling, including transition, jointing, and link pits;



Onshore HVDC converter substation; and



Onshore HVAC substation.
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Table 3.2

Coordinates of Subzone 2 (WGS 1984).
Point
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Latitude
54° 00' 31.626" N
54° 00' 18.479" N
54° 00' 15.768" N
53° 59' 36.924" N
53° 57' 24.509" N
53° 57' 12.481" N
53° 56' 46.586" N
53° 56' 16.303" N
53° 55' 22.663" N
53° 55' 02.525" N
53° 55' 35.429" N
53° 55' 08.162" N
53° 55' 23.329" N
53° 55' 37.592" N
53° 55' 31.318" N
53° 56' 22.870" N
53° 55' 46.445" N
53° 58' 42.179" N
53° 58' 17.828" N
53° 56' 29.670" N
53° 56' 03.228" N
53° 55' 09.293" N
53° 50' 05.118" N
53° 50' 07.210" N

Onshore elements of the project
Longitude
1° 26' 19.993" E
1° 38' 37.320" E
1° 40' 21.864" E
2° 03' 45.936" E
2° 06' 06.700" E
2° 04' 32.376" E
2° 05' 04.031" E
2° 01' 15.269" E
2° 02' 14.219" E
1° 59' 45.776" E
1° 59' 20.944" E
1° 56' 10.619" E
1° 55' 20.262" E
1° 53' 38.108" E
1° 52' 54.282" E
1° 51' 57.409" E
1° 47' 47.796" E
1° 44' 31.880" E
1° 41' 46.795" E
1° 43' 45.592" E
1° 41' 00.143" E
1° 39' 52.024" E
1° 38' 58.430" E
1° 26' 59.953" E

Offshore cable route
3.1.27

The offshore cable route extends from the proposed landfall at Horseshoe Point in
Lincolnshire, offshore in a north-easterly direction to the southern boundary of
Subzone 2 (Figure 3.2). The route is approximately 150 km in length.

3.1.28

The offshore cable route for Project Two will also allow for routing the cables through
Subzone 1 as shown in Figure 3.2 to ensure the shortest route can be used to
connect turbines within the north eastern section of Subzone 2 to the National Grid
network.

3.1.29

The detailed coordinates for the offshore cable route are included in the Works Plan
(Offshore) (Document Reference 5.1).

3.1.30

The process of selection and routing of the offshore cable route has avoided, where
possible, significant engineering and environmental constraints, such as deep water
and aggregate extraction areas.
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3.1.31

From the proposed landfall point at Horseshoe Point, onshore cables will connect the
offshore wind farms to the existing National Grid substation at North Killingholme in
the North Lincolnshire district, a distance of approximately 40 km (Figure 3.4). In
order to connect the HVDC and/or HVAC cables to the National Grid network, a new
onshore HVDC converter substation, HVAC substation, or a combination of the two
will be required in the vicinity of the existing Killingholme National Grid Substation.

3.1.32

The detailed coordinates for the onshore cable route are specified in the Works Plan
(Onshore) (Document Reference 5.2) and the Works Plan (Intertidal) (Document
Reference 5.3).

Figure 3.4

Project Two onshore cable route corridor.
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3.2

iv)

Offshore Infrastructure

There may be micro siting or changes to the approximate grid or grids where
WTGs are sited around environmental constraints such as oil and gas
infrastructure, wrecks, or where ground conditions dictate or to give adequate
spacing between other infrastructure.

Wind Turbine Generators (WTGs)
WTG layout

WTG components
3.2.1

3.2.2

Optimising the layout of the WTGs within Subzone 2 is a complex process which
requires taking into account a significant number of factors, including:

3.2.5

The WTGs installed for Project Two will consist of three primary components:



WTG selection (manufacturer, generating capacity, rotor diameter);



The tower;



Energy yield (related to WTG capacity, wake loss, and inter-array loss);



The nacelle; and



Ground conditions (subsurface geology);



The rotor (including a hub and blades).



Water depth;



Installation cost;



Foundation type;



Environmental constraints ;



Electrical layout (e.g., inter-array cables);



Seabed obstructions and unexploded ordnance;



Operation and maintenance requirements;



Stakeholder considerations (e.g., navigation considerations); and



Pre-determined boundaries (The Crown Estate Zone 4).

The final layout wind farm will be determined during detailed design. There could up
to 360 WTGs of between 5 and 15 MW in size depending on the rating of the wind
turbine selected for the final design.

3.2.4

The four principles below will be used to determine the final layout design that will be
subject to approvals as required by the Deemed Marine Licence:

The tower structure connects the flanged connection at the top of the foundation unit
or transition piece to the nacelle. The tower structure usually consists of two or three
tapering steel tubular or concrete sections that are lifted into place and bolted
together.

3.2.7

The rotor is usually connected to a low-speed shaft, which in-turn is connected to a
gearbox, from which a high-speed shaft turns the generator. However direct drive
models are also available where no gearbox is used. The shafts, gearbox and
generator are located inside a container at the top of the tower called the ‘nacelle’.
The nacelle and rotor are capable of turning (‘yawing’) to face the wind at any given
point.

Table 3.3

SMart Wind has defined four indicative WTG layout options which are presented in
Figure 3.5 and Table 3.3. These layout options are for environmental assessment
purposes only to inform the potential worst case scenario for each receptor.

3.2.3

3.2.6

Layout

WTG rating and dimensions for Project Two indicative layouts.
WTG
size
(MW)

Number
of
WTGs

Max blade
tip height
(m) above
LAT

Max
rotor
diameter
(m)

Indicative
spacing (m)

Comments

1

5

360

161

135

1323 x 878

2

15

120

276

250

2250 x 1500

No WTG will be positioned closer than 810 m away from the nearest
neighbouring WTG;

3

5

360

161

135

1404 x 932

810 m spacing along
dense perimeter

ii)

The WTGs will be spaced approximately evenly within the wind farm in at least
one straight line of orientation with the exception of the WTGs around the
perimeter which could have a smaller spacing compared to the WTGs within the
wind farm array (Edge Weighted Layouts). This will not breach principle 1;

4

2750 x 1825

1,500 m spacing
along dense
perimeter

iii)

Wake recovery gaps (large areas without WTGs) will not be included within the
Subzone 2; and

i)
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15

120

276

250

Figure 3.5

Indicative WTG layouts for Project Two.
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3.2.8

Helicopter hoisting platforms may be installed on each of the nacelles to enable
crews to access the nacelle for maintenance. Any helicopter access would be
designed in accordance with relevant Civil Aviation Authority (CAA) guidance and
standards such as the CAP 437 Standards for Offshore Helicopter Landing (CAA,
2012) and CAA Paper 2008/01 Specification for an Offshore Helideck Status Light
System (CAA, 2008). The precise design details of a helicopter hoisting platform will
be determined during the detailed design phase.

3.2.9

The WTGs normally operate within a range of wind speeds. They will start generating
electricity when the wind speed at hub height 1 reaches approximately 2 metres per
second (m/s). The electrical power output will reach the rated level when wind speed
is at approximately 14 to 15 m/s.

3.2.10

The design of the WTGs ensures ‘fail-safe’ operation, such that in the event average
wind speeds exceed a range of 25 to 35 m/s at hub height for extended periods, the
WTGs will automatically shut down to prevent damage.

3.2.11

The operational period of Project Two is projected to be 25 years, with the likelihood
of repowering after this time. Repowering is discussed further in paragraph 3.5.110.

3.2.12

Indicative parameters for Project Two WTGs are provided in Table 3.4 below. An
illustration of many of these parameters is provided in Figure 3.6. It should be noted
that in Subzone 2 the difference between Mean High Water Springs (MHWS) and
LAT is between approximately 3.3 and 4 m.

Table 3.4

Project Two WTG indicative parameters.

Element
Number of turbines
Turbine capacity (MW)
Project capacity (MW)
Turbine spacing (m)
Hub height (m)
Upper blade tip height (m)
Lower blade tip height (m)
Rotor diameter (m)
Foundation type
Seabed area affected per WTG
(m2)

Minimum Maximum Comments
360
5
15
1,800
810
84
151 Relative to LAT
276 Relative to LAT
26
- Relative to LAT
250 Max is for 15 MW
Monopile, Jacket, GBF (inc mono suction caisson)
12,596 Based on a jacket with
suction piles supporting
a 15 MW WTG

Project total seabed area affected
(m2)
Spoil Arrisings per WTG (m3)

Project spoil volume (m3)
Project scour protection volume
(m3)
Pile driving hammer energy

-

2,042,821 Based on 360 GBFs
supporting 5MW WTGs
23,892 Based on a GBF
supporting a 15 MW
WTG
2,389,181 Based on 360 GBFs
supporting 5MW WTGs
4,732,417 Based on 360 GBFs
supporting 5MW WTGs
Up to 3000 kJ
For largest monopiles

Colour scheme and markings
3.2.13

The WTGs will be painted submarine grey (colour code RAL 7035) or as otherwise
directed by Trinity House and marked in accordance to the requirements of the CAA
and Maritime and Coastguard Agency (MCA) or as directed by Trinity House. The
transition piece will be painted, marked and lit according to MCA MGN 371
specifications (MCA, 2008) or as directed by Trinity House.
Aviation lighting plan

3.2.14

1

The hub is the point where the WTGs blades are attached. Thus, hub height is the hub’s
elevation above Lowest Astronomic Tide (LAT).
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The final aviation lighting plan design for the WTGs will exhibit such lights, with such
shape, colour and character as required by Air Navigation Order 2009 or as directed
by the CAA or the Secretary of State for Defence. For the purposes of EIA, a worst
case lighting plan is presented in Volume 2, Chapter 11: Seascape and Visual
Resources.

Oils and fluids

Aids to Navigation
3.2.15

The project will for the whole period from the start of construction of the authorised
scheme seaward of MHWS to the completion of decommissioning:
i)

Exhibit such lights, marks, sounds, signals and other aids to navigation and
take such other steps for the prevention of danger to navigation as Trinity
House may from time to time direct;

ii)

Colour all structures in the authorised scheme as directed by Trinity House;

iii)

Notify Trinity House as soon as reasonably practicable of both the progress
and completion of the authorised scheme (or any phase of it) and any aids to
navigation established from time to time;

iv)

Provide reports on the working condition of aids to navigation periodically as
requested by Trinity House; and

v)

Notify Trinity House and the MMO of any failure of the aids to navigation and
the timescales in which such failure will be remedied, as soon as possible and
no later than 24 hours following the undertaker becoming aware of any such
failure.

3.2.16

Each WTG will contain components which require lubricants and hydraulic oils in
order to operate. Table 3.5 presents indicative quantities of significant lubricating and
hydraulic oils estimated to be present within a single 15 MW WTG.

Table 3.5

Indicative amounts of oils and fluids in a 15 MW WTG.
Element

Grease (l)
Hydraulic oil (l)
Gear oil (l)
Liquid Nitrogen (l)
Transformer silicon/ester oil (kg)

3.2.17

Maximum
375
20,000
3,750
79,500
5,625

The nacelle, tower, and hub will be designed to retain any leaks thus reducing the
risk of harm to the environment.
Noise and vibration of operating WTGs

3.2.18

Noise from operational WTGs can be divided into two categories: aerodynamic and
mechanical. Aerodynamic noise is created by the wind passing through the blades
and mechanical noise arising from the engineering components of the WTG such as
the gearbox and generator.

3.2.19

Aerodynamic noise is strongly influenced by incident conditions (i.e., wind speed and
turbulence intensity). As a result, aerodynamic noise is wind speed dependent, and
the sound power output from a WTG must be measured and quoted relative to wind
speed. The reference sound power output (amount of noise generated) of an offshore
WTG is typically defined at a reference wind speed of 8 m/s measured at a height of
10 m above the ground. Currently, limited information exists on the noise profiles of
the offshore WTGs being considered. However, Annex 4.3.1: Airborne noise
technical report contains the noise levels that have been assumed for environmental
impact assessment purposes.

3.2.20

Unlike aerodynamic noise, mechanical noise tends to be tonal in nature (i.e., it is
concentrated at a few discrete frequencies). Mechanical noise can be successfully
controlled at the design stage of the WTG, using advanced gearbox design and antivibration techniques.

Rotor Diameter

Upper Blade
Tip Height
Hub Height

Lower Blade Tip
Height

Lowest Astronomical Tide (LAT)

Figure 3.6

WTG parameters terminology.
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Control functions and safety measures
3.2.21

3.2.22

3.2.23

The offshore wind farm will be designed to operate with minimal day-to-day
supervisory input throughout its operation and will be controlled from a control room
located either offshore or onshore. Each WTG will be controlled by local
microprocessor controls, which are in turn monitored by a centralised Supervisory
Control and Data Acquisition (SCADA) computer system. The SCADA system and
other communication requirements for Project Two will be linked to the onshore
communication network via fibre optic cables and/or satellite link and possibly by
back-up microwave radio link for essential communication requirements. Should a
WTG develop a fault, it can usually be diagnosed remotely and shut down
automatically if appropriate.
All WTGs will have internal emergency stop facilities which would be activated by
local control systems in the event of certain component or system malfunctions and
without the need for human intervention. Liaison with the emergency services
(including coastguard and lifeboat) will ensure that the offshore wind farm can be
controlled and shut-down in the event of emergencies, in line with the MCA
guidelines (MGN 371) (MCA, 2008).

3.2.25

3.2.26



Feeder barge supply of WTGs to installation vessel or port;



Mini jack-up barge supply of WTGs to installation vessel;



Towers installed in single, two or three sections;



Towers installed with nacelles preinstalled on them;



Installation vessel to be jack-up or a dynamic positioning vessel;



WTGs preinstalled on foundations which are lifted or floated out in one piece.

It has been assumed that jack-ups with up to six legs, having a total spud can area of
up to 420 m2, will be used to install the WTG foundations and WTGs. The jack-ups
may need to return to each WTG location up to three times to complete the
foundation and WTG erection.

WTG Foundations
3.2.27



Control of each WTG from within the nacelle of the WTG for commissioning and
maintenance;



WTG control and electrical switchgear control from offshore substation and
accommodation platforms;

Three foundation types for WTGs are being considered for Project Two. At present,
more information is required to inform the final foundation choice, (i.e., which options
are the most economically and technically appropriate for the project). It is possible
that more than one type of foundation may be used across Project Two. The final
selection of foundation type(s) for Project Two will be dependent upon the final WTG
size, site ground and seabed conditions, water depth, environmental considerations
and economic and supply chain considerations. The following foundation concepts
are being considered:



WTG control and electrical switchgear control from Killingholme Substation; and



Monopile, including braced and guyed designs;



WTG control and electrical switchgear control from remote locations over
internet or dedicated communication channels (e.g., an operations base).



Steel jackets/space frame structure supported by piles (including both driven
and suction piles); and



Gravity base foundation (including mono suction caissons).

Provision will be made to control the WTGs from a number of locations, which will be
determined as part of the final project design process, but could include:

WTG installation
3.2.28
3.2.24

A number of alternative installation methodologies are being considered. These
include, but are not limited to:

The following is the current anticipated methodology for WTG installation. However, it
is subject to change based on which WTG supplier is selected as well as the
availability and economy of installation vessels:




WTG components (nacelle, rotor, blades and towers) will be loaded on the
installation vessel at a UK or European port, and shipped directly to Subzone 2.
Typically up to ten WTGs can be loaded at a time, depending on installation
vessel size and capability; and

Each of the foundation types is explained in more detail below, including installation
techniques and timeframes. Table 3.10 at the end of this section presents the
maximum dimensions for the worst case scenario seabed area take and spoil
arisings for each foundation type.
Monopiles

3.2.29

Once the installation vessel is on location, the tower will be erected first,
followed by the nacelle with hub already in place, thereafter the blades will be
installed one at a time (single blade installation). Alternatively the nacelle will be
installed without the hub and the blades will be connected to the hub and
installed as a complete rotor unit.
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A monopile foundation (see Figure 3.7) comprises a large diameter steel or concrete
tube (pile) driven vertically into the seabed. Typically a transition piece is installed on
top of the pile to provide a level stable platform to support the weight of the tower and
WTG. Monopiles rely on the surrounding seabed to provide lateral resistance to
horizontal forces, such as wind on the WTG and waves on the support structure. The
dimensions of the pile depend on the size of the WTG, water depth, meteorological,
oceanographic and the ground conditions at each location.

3.2.30

The foundation can be connected to the WTG tower by bolting directly to a flange at
the top of the monopile, or through the use of a transition piece. The transition piece
is installed over or inside the monopile and is either secured by grouting, or directly
bolted on top of the monopile. In either case, where the monopile is not installed
completely vertical, the transition piece is installed in such a way that it corrects for
this error and the WTG can be installed vertically.

3.2.31

To date the monopile has been the most commonly used foundation type for WTGs,
mainly as a result of suitable seabed conditions and shallow water depths at the early
offshore wind project locations. Monopile foundations have been used at a number of
offshore wind farms in UK and Republic of Ireland waters (Arklow Bank, North Hoyle,
Thanet, Greater Gabbard, Lynn and Inner Dowsing, Gunfleet Sands, Scroby Sands,
Kentish Flats, Barrow) and beyond (Horns Rev in Denmark). The simple structure of
monopiles makes them a feasible and cost-effective solution for most shallow water,
and some medium depth offshore wind farm sites.

3.2.32

Based on SMart Wind’s conceptual design studies, it is assumed that monopiles will
only be used for WTG up to 8 MW in size. This assumption may change depending
on the weight and rotor diameter of larger WTGs and on significant advances in
design methods and codes. However the maximum monopile dimensions derived for
the 8 MW turbine and used within the environmental assessments will not be
exceeded if design advances allow for this monopile to be used on turbines with a
larger capacity than 8 MW.
Design variants

3.2.33

3.2.34

3.2.35

Monopile designs can be augmented through external structural elements, such as
bracing members or steel anchor wires, which could allow for a reduction in the steel
volume required and/or could allow foundations of this type to be used in greater
water depths. These bracing members are typically of equal or smaller diameter than
the monopile and may or may not be connected by additional steel members.
If steel anchor wires are used to brace the monopile, then there are likely to be four
supporting wires attached a) to the monopile approximately 5 m below LAT and b) to
the seabed at approximately 45 degree angle (e.g., in 40 m LAT, the wires would
attach to the seabed via anchors approximately 35 m from the monopile). The
anchors would be either piled or suction type anchors.
As a result of the additional support structures, monopiles with bracing members
would have smaller diameter members but a larger footprint. Therefore, for the
purposes of this document jacket structures are considered to have the worst case
dimensions as described in Table 3.7 and Table 3.8.

Figure 3.7

Typical monopile layout.

Dimensions
3.2.36

The indicative dimensions for the main components of monopile foundations being
considered for Project Two are presented in Table 3.6. Numbers in bold in the table
indicate the ‘worst case’ values.
Material requirements

3.2.37
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The indicative amounts of material per monopile foundation are:


Monopile: 1,100 to 3,000 t (Steel);



Transition piece: 300 to 700 t (Steel);



High strength grout for fixing of transition piece: 25 to 75 m3; and



Gravel/rock for scour protection: 500 to 3,000 m3.

Table 3.6

Dimensions of WTG monopile foundations.

Element
Number of WTGs
External Diameter (m)

Scour Protection Diameter (m)
Seabed Penetration Depth (m)
Seabed Area take excl. Scour
2
Protection (m )
Scour Protection Seabed Area
Take (m2)
Total Seabed Area Take Per
Turbine(m2)
Array Total Seabed Area Take
2
(m )
3

Spoil Volume (m )
3
Array Spoil Volume (m )
Scour Protection Volume per WTG
(m3)
Array Total Scour Protection
Volume (m3)

5MW
WTGs
360
7.5

37.5
48.0
44

8MW
WTGs
Comments
225 Entire Project
10.0 Indicative
Based on 5x pile
diameter scour
50.0 protection
49.0 Indicative
Per turbine, excluding
79 secondary steel

3.2.39



Rock and/or bedrock.

Installation could also include drilling methods to assist the piling operations. Drilling
may be employed where seabed conditions make driving difficult.

3.2.41

The drive-drill-drive method, where both driving and drilling methods are used to
install a given monopile, has been used successfully at a number of UK sites, to
overcome difficult ground conditions, including boulder clay or chalk.

3.2.42

Indicative installation durations for the monopiles, where the soils cause the
monopiles to refuse and drilling is required, using a jack-up installation vessel could
be:

1,060

1,885 Per foundation

i)

Installation vessel picks up a number of monopiles and transition pieces in
port: 48 hours;

1,104

1,963 Per foundation

ii)

Vessel transits to site: 24 hours;

iii)

Vessel positions itself at a location: 12 hours;

iv)

Vessel deploys a monopile upending tool: 3 hours;

v)

Vessel upends monopile and places it on the seabed: 3 hours;

vi)

Vessel drives pile to refusal: 14 hours;

vii)

Vessel drills the soil underneath the pile to allow installation to full design
depth: 55 hours;

viii)

Vessel drives pile to design depth: 2.5 hours;

ix)

Vessel recovers upending tool and leaves location: 9 hours;

x)

Repeat iii through ix for the other monopiles aboard: up to around 35 days; and

xi)

Vessel transits to port: 24 hours.

397,608
2,121
763,407
2,121
763,407

441,786 For all foundations
Per foundation, based
3,848 on full drill out
865,901 For all foundations
2m thickness across
3,770 scour protection area
848,230 For all foundations

The monopile foundations will be fabricated onshore at a manufacturing site that has
yet to be identified, but could be overseas. Once fabricated the monopiles will be
transported to Subzone 2 either directly or via an interim port by one of the following
methods:


Sealing the ends, floating, and towing them;



Transportation on a cargo barge and/or vessel; or



Transportation on the deck of an installation vessel.

Once on location at Subzone 2, the monopiles will be lifted by a crane on the
installation vessel and held in place vertically using a pile gripper located on the deck
of the vessel. They will then be driven into the seabed using a hydraulic hammer
(powered by the installation vessel or by a generator located on the deck). The ability
to drive piles to a required depth may be restricted at a particular location by:


Buried obstructions, such as boulders; and

3.2.40

Installation
3.2.38



3.2.43

All installation activities and their durations are subject to weather and wave height
constraints. Periods of bad weather or high waves will delay and prolong the
installation works. If more vessels are used the duration of the works will be reduced.

3.2.44

During installation, piling of two separate WTG monopile foundations may be carried
out concurrently, using two separate installation vessels. Piling may occur at any time
of day (vessel operations are 24 hours), though piling will be not be constant for 24
hours per day. Between piling of individual monopiles, vessel movements and pile
handling operations will need to occur which are likely to take 12 hours per monopile.

3.2.45

It is expected that the piles will be driven by hammers with the potential to produce up
to 3,000 kJ of piling energy. The maximum hammer energy actually used to drive the
monopiles will depend on soil strength at each location. Some locations may need as
little as 1,500 kJ maximum hammer energy to install a monopile. However, at some
locations monopiles are expected to ‘refuse’, even when the full 3,000 kJ hammer
energy is used. At these locations, hammering activities will be paused, a drill used to
‘drill out’ the soil within and underneath the monopile to allow it to move again, and
then hammering will resume.

Deep layers of dense/coarse granular material/coarse gravel deposits;
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3.2.46

A ‘soft start’ of 30 minutes, where the hammer energy would be around 600 kJ (20%
energy), would be expected at all locations. After this ‘soft start’, piling energy will be
slowly increased in order to maintain a target number of blows per metre of
penetration between around 100 and 250.

3.2.54

3.2.47

At full hammer energy a 3,000 kJ hammer can strike a monopile around 32 times per
minute. At lower hammer energies, the number of blows per minute can increase
more or less linearly to up from 32 to 38 blows per minute as the hammer energy is
reduced from 3,000 to 600 kJ (100% to 20% energy).

3.2.55

3.2.48

When drilling is required to install the monopiles to full design depth, the drills used
will likely be able to drill at a rate of approximately 1 to 3 m/hr.

Seabed preparation for monopile foundations is likely to be minimal. Surveys carried
out to date indicate that problematic obstructions and seabed slopes are largely
absent from Subzone 2. However, pre-installation geophysical surveys will be carried
out to provide further detail and reconfirm the absence of obstructions and seabed
slopes at each WTG location. If the pre-installation surveys do find obstructions or
seabed slopes, WTGs will be micro-sited to avoid them or seabed preparation will be
required.

3.2.56

Seabed preparation could include using grapples to move or remove larger
obstructions from the seabed or the use of dredging equipment to level the seabed
and remove excess sediment or smaller obstructions.

Fitting the transition piece
3.2.49

3.2.50

Seabed preparation

The lowest tower section will be connected to the foundation either directly to a flange
or via a transition piece, depending on which foundation options are ultimately
selected.
Typically, the transition piece has a larger diameter than the pile and is placed over
the installed pile. It is connected to the pile using a grouted or bolted connection and
then to the lower WTG tower section using a bolted flange connection. Transition
pieces can extend from the bottom of the WTG tower to water level, or right down to
the seabed, depending on the design. The use of a grouted transition piece allows for
vertical adjustment in the foundation. It also has the added benefit of incorporating
ancillary equipment, such as boat fenders and access ladders and, in the case of
driven monopile foundations, ensures that the flanged connection to the WTG tower
is not damaged during pile driving. The transition pieces are brought to the project
area either by barge or on the installation vessel and lifted into place. Grout is then
pumped into the gap between the foundation central tubular and the transition piece
and allowed to set.

Sediment discharges
3.2.57

Grout may be used as a sealant at joints between the monopile and transition piece
and to provide a structural bond. Typically, high strength low shrinkage grout is
required to withstand the significant compressive stress at joints.

3.2.52

Grout is a strong inert cement mix and may be mixed on board the installation
vessels or mixed onshore and transported to the site. The final selection and mix
design of the grout will be determined by the structural design, installation
methodology, and commercial factors.

3.2.53

Depending on the local ground conditions, drilling may be required to facilitate the
installation of a monopile to target depth, with the subsequent drill arisings disposed
of at sea adjacent to the foundation location. The estimated quantity of sediment
discharge is given as “spoil volume” in Table 3.6.
Noise emissions

3.2.58

Underwater and airborne noise will be generated during the installation of monopiles.
This noise will be greatest during pile driving and is proportional to the hammer
energy used to drive the piles.

3.2.59

Underwater noise from impact piling is likely to result in the greatest sound emissions
during the lifetime of Project Two and as such, underwater sound emissions were
modelled for a number of single sound sources (piles) within Project Two and for
multiple concurrent sound sources. The underwater noise modelling is presented in
Annex 4.3.2: Underwater Noise Modelling and assessed in the relevant receptor
chapters (see Volume 2, Chapter 3: Fish and Shellfish Ecology and Volume 2,
Chapter 4: Marine Mammals).

Grouting details
3.2.51

The indicative volume of grout required for a single monopile foundation is
approximately 75 m3.

Scour protection
3.2.60

During any grouting operations, the grout is pumped to the required location whilst
being carefully monitored and the flow is switched off once the required volumes are
in place. Methods are adopted which are designed to minimise grout loss to the
surrounding environment. Spillage of grout will be minimised using either inflatable or
wiper seals located at the base of the transition piece.
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Local scour around an unprotected monopile is expected to extend up to three times
the monopile’s diameter and to penetrate to a depth of up to 1.5 times the monopile’s
diameter. Scour protection measures, as described in paragraphs 3.2.104 to 3.2.106
may be used to reduce the amount of scour that occurs. These scour protection
measures could cover an area that has a diameter five times the pile diameter, as
indicated in Table 3.6.

Jacket structures
3.2.61

Steel jacket or space frame structure foundations (see Figure 3.8) have a steel lattice
construction comprising tubular steel members and welded joints which is fixed to the
seabed using piles at the corners of the base. Typically piles are hollow steel
structures and are driven up to 75 m into the seabed, relying on the frictional and end
bearing properties of the seabed for support. This foundation type is a practical
solution in water depths greater than 20 m and up to 70 m.
Design variants

3.2.62

3.2.63

For clarity the term 'jacket' in this chapter shall refer to all forms of space frame
structure/jacket derivatives including:


Tripods;



Three and four legged jackets and twisted jackets;



Jackets with suction piles – where standard driven/drilled piles are replaced by
suction piles (similar to suction anchors) of a diameter greater and penetration
shallower than standard piles; and



Braced monopiles – as described in paragraphs 3.2.33 to 3.2.35 where a
monopile is braced by additional steel piles or members of equal or lesser
diameter and, in this particular case, where those members are connected by
various additional bracing members.

The above design variants have been assessed in the Environmental Statement
chapters where relevant.
Dimension

3.2.64

3.2.65

The indicative dimensions for jacket foundations supported on standard driven/drilled
piles are presented in Table 3.7. If the jackets are supported on suction piles, Table
3.8 presents the indicative dimensions. Numbers in bold in the tables indicate the
‘worst case’ values.
If WTGs larger than 5 MW are built on jackets, the jackets may either have a single
larger pile under each leg or a group of up to three smaller piles.

Figure 3.8

Typical jacket layout.

Material requirements
3.2.66
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The indicative amounts of material per jacket foundation are:


Jacket: 700 to 4,500 t (steel);



Piles (three to twelve): 80 to 600 t per pile (steel);



High strength grout for fixing jacket to piles: up to 50 m3; and



Gravel/rock for scour protection: 80 to 1,800 m3.

Table 3.7

Dimensions of WTG jacket foundations (driven piles).

Element
Number of WTGs
Number of Piles
Leg Spacing (m)
Diameter of Main Tubulars (m)
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
Seabed Area take excl. Scour
2
Protection (m )
Scour Protection Seabed Area
Take (m2)
Total Seabed Area Take (m2)
Array Total Seabed Area Take
(m2)
3
Spoil Volume (m )
Array Spoil Volume (m3)
Scour Protection Volume per WTG
(m3)
Array Total Scour Protection
Volume (m3)

5MW
WTGs
(Single
Piles)

10MW
WTGs
(Single
piles)

15MW
10MW
WTGs
15MW
WTGs (Pile (single
WTGs (pile
Groups)
piles)
groups)
Comments
120 Entire project
180
120
8
4
12 Per foundation
30.0
40.0
40.0 Centre to centre
3.0
3.0
3.0 Maximum
2.0
6.0
2.2 Indicative
55.0
55.0
55.0 Indicative
Based on 5x pile
10.0
30.0
11.0 diameter, each pile

360
4
20.0
3.0
1.8
50.0

180
4
30.0
3.0
3.9
55.0

9.0

19.5

10

48

25

113

46 Per foundation

244
254

1,147
1,195

603
628

2,714

1,095 Per foundation
1,140 Per foundation

91,609
509
183,218

215,026
2,628
473,058

113,097
1,382

339,292
6,220

248,814

746,442

2,827

489

2,294

1,206

5,429

175,889

6,881

217,147

651,441

136,848 For all foundations
2,509 Per foundation
301,065 For all foundations
2m thickness across
2,190 scour protection area
262,748 For all foundations
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Table 3.8

Dimensions of WTG jacket foundations (suction piles).

Element
Number of WTGs
Number of Piles
Pile Diameter (m)
Pile Penetration Depth (m)

Scour Protection Diameter (m)
Seabed Area take excl. Scour
Protection (m2)
Scour Protection Seabed Area
Take (m2)
Total Seabed Area Take (m2)
Array Total Seabed Area Take
(m2)
Spoil Volume (m3)
Array Spoil Volume (m3)
Scour Protection Volume per WTG
(m3)
Array Total Scour Protection
Volume (m3)

5MW
WTGs
360
4
11.4
30.0

10MW
WTGs
180
4
17.0
30.0

15MW
WTGs
120
4
21.1
30.0

34.3

50.9

410.0

904.8

1,400 Per foundation

3,279.8
3,689.8

7,238.2
8,143.0

11,197 Per foundation
12,596 Per foundation

Comments
Entire project
Per foundation
Indicative
Indicative
Based on 3x foundation
diameter scour
63.3 protection, each pile

1,328,328 1,465,741
6,560
2,361,472

1,511,546 For all foundations
- None expected
- None expected
2m thickness across
14,476
22,393 scour protection area

2,605,763

2,687,193 For all foundations
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3.2.72

During Project Two installation piling may be carried out concurrently on two jacket
foundations. Piling may occur at any time of day (vessel operations are 24 hours).

3.2.73

All installation activities and their durations are subject to weather and wave height
constraints. Periods of bad weather or high waves will delay and prolong the
installation works. If more vessels are used the duration of the works will be reduced.

3.2.74

Up to 2,700 kJ hammers may be used to install the largest jacket piles for the largest
WTGs. If piling alone fails to install the piles to full depth, then a combination of piling
and drilling will be used.

3.2.75

In the case of pre-piling, the piles may be installed by a different installation vessel
than the one that places the jackets. The jackets will be fitted to the piles in a pin and
socket arrangement where either jacket legs are inserted into the piles (usually when
pre-piling) or the piles are inserted into pile sleeves at the base of the jacket (usually
when post-piling). The jackets and piles are then usually secured together using
grout.

In the case of suction piles, no hammering is required. Instead, the piles are placed
on the seabed and, using a pump, a negative pressure is applied to the inside of the
pile (the seabed end of the pile is open, the other end is closed). This negative
pressure ‘sucks’ the pile into the seabed and holds it in place.

3.2.76

When drilling is required to install the piles to full design depth, the drills used will
likely be able to drill at a rate of between approximately 1 to 3 m/hr.

Indicative durations for the installation pre- piled jacket piles, where the soils cause
the piles to refuse, using a jack-up installation vessel could be:

3.2.77

Installation
3.2.67

The jacket foundations will be fabricated onshore at a manufacturing site that has yet
to be identified. Once fabricated, the jackets with transition pieces attached are
transported aboard either a transport barge/vessel or the installation vessel to
Subzone 2 either directly or via an interim port.

3.2.68

Once at site the jackets will be lifted by crane onto the seabed and secured with
either standard or suction piles. The piles may either be installed before the jacket is
placed on the seabed (pre-piled), usually using a template, or after the jacket is
placed on the seabed (post-piling).

3.2.69

3.2.70

i)

Installation vessel picks up piles for between three and ten jackets in port: 48
hours;

ii)

Vessel transits to site: 24 hours;

iii)

Vessel positions itself at a location where a jacket is to be installed: 12 hours

iv)

Vessel places piling template on the seabed: 3 hours;

v)

Vessel inserts pile into template: 3 hours;

vi)

Vessel drives pile to refusal: 10 hours;

vii)

Vessel drills the soil underneath the pile to allow installation to full design depth:
60 hours;

Fitting the transition piece

Grouting details
3.2.78

As with monopiles, grout may be used as a sealant at joints between components
and to provide a structural bond between pile and pile sleeve.

3.2.79

The indicative volumes of grout required for a jacket structure are approximately
50 m3.
Seabed preparation

viii) Vessel drives pile to full design depth: 2.5 hours;
ix)

Repeat v to viii for all jacket piles (up to 12): duration varies;

x)

Vessel removes template from seabed and leaves jacket location: 3 hours;

xi)

Repeat iii through x for all jacket locations for which piles are loaded on the
vessel (between two and nine more jackets worth): up to around 35 days,
depending on number of jackets and piles; and

xii)

3.2.71

Vessel transits to port: 24 hours.

It is expected that the transition piece connecting the jacket foundations and the WTG
towers will be integrated into the jacket foundation design and will not need to be
fitted separately. However this may be subject to change depending on decisions
made during detailed design.

3.2.80

As with monopiles, the seabed preparation for a jacket foundation is generally
minimal. Dredging may be used to level the seabed at the pile locations where there
is a significant level variation between the legs.
Sediment discharges.

3.2.81

In the case of post-piled jacket pile installation, the jacket itself serves as the template
for the piles. Handling the jacket and securing it to the piles could take approximately
the same amount of time as the operations involving the template, described above.
Therefore, the durations for pile driving operations should remain about the same.
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As with monopile foundations, the jacket driven piles will not release significant
amounts of sediment, however drilling could release a small amount of sediment
locally. Where all piles require drilling, the worst case sediment release could be as
shown in Table 3.7 (Array Spoil Volume).

Noise emissions
3.2.82

As with monopiles there will be noise emissions during the driving and/or drilling of
the jacket piles. The dimensions of the pile are not expected to have a significant
effect upon noise energy output – i.e., the noise resulting from a given hammer
energy would be expected to be the same, regardless of pile size. Therefore, given
that the hammer energy required for jacket piles is less than the hammer energy
required for monopiles, a lower underwater sound emission is expected during the
construction (i.e., piling) of jacket piles (Annex 4.3.2: Underwater Noise Modelling).



3.2.88

Mono suction caissons - which are shaped like an upturned bucket with a shaft
on top. These are installed by placing them onto the seabed and using a pump
to suck the water out of the inside, thereby creating a negative pressure inside
that pulls it into the ground. Installation is finished once the ‘bucket’ is fully
submerged in the seabed.

The above design variants have been assessed in the Environmental Statement
chapters where relevant.

Scour protection
3.2.83

The extent of local scour around an unprotected jacket leg is expected to be less than
that expected from a monopile foundation due to the smaller pile sizes. Typically,
scour occurs out to a distance two to three times the pile diameter from each pile,
and penetrates up to 1.5 times the diameter depth. Scour protection, as described in
paragraphs 3.2.104 to 3.2.106, may be used to reduce the amount of scour that
occurs. This scour protection could cover an area that has a diameter that is five
times the pile diameter for driven piles or three times the pile diameter for suction
piles, as indicated in Table 3.7.

3.2.84

'Global' scour may occur on jacket foundations and creates shallower depressions in
the seabed underneath jacket structures and extends a small distance away from the
structures. This impact is additional to local scour around piles and is associated with
the water flow disturbance around the jacket foundation’s horizontal and diagonal
cross members.
Gravity base foundations

3.2.85

Gravity base foundations (GBF) (see Figure 3.9) work by using a wide area base
which is sufficiently heavy to resist horizontal forces of wind and currents acting on
the WTG and tower. Downward forces are resisted by the base bearing onto the
seabed.

3.2.86

Examples of GBFs include the Thornton Bank offshore wind farm in Belgium, the
Middelgrunden and Vindeby offshore wind farms in Denmark, and the Lillgrund
Offshore Wind Farms in Sweden.
Design variants

3.2.87

GBFs may come in several design variants, these include:


Solid concrete bases;



Hollow concrete or steel bases - which may or may not be self-floating and
which may later be filled with dense material to provide additional weight;



A cross-base - where instead of a circular or octagonal shape, the base has a
footprint that is shaped like an ‘X’ or cross; or

Figure 3.9
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Typical gravity base foundation layout.

Dimensions
3.2.89

3.2.90

Table 3.9

The indicative dimensions for the design elements of the GBF are presented in Table
3.9. Numbers in bold in the table indicate the ‘worst case’ values. It is likely that the
dimensions of the GBFs would vary throughout Subzone 2 because of the variation in
water depth.
The largest GBF design that could be used in Project Two (in terms of internal
volume) is a conical design that has a diameter of 58 m at the seabed, tapering to
13 m at LAT where it meets a shaft that is 13 m in diameter.

The indicative amount of material required for one concrete GBF is:
3



Concrete: 2000 to 7,000 m ;



Steel-reinforcement: 700 to 2,450 t;



Ballast (dense rock/sand): 7,000 to 25,000 m3;



Scour protection: up to around 2,500 to 7,600 m3; and



Gravel: up to around 1,000 m3.

5MW
WTGs

Element
Number of WTGs
External Diameter (m)

Material requirements
3.2.91

Dimensions of WTG gravity base foundation (GBF).
15MW
WTGs

360
45

180
50

120
58

Scour Protection Diameter (m)
Maximum Seabed Levelling Depth
(m)
Average Seabed Levelling Depth
(m)

85

90

98

5

5

5

2

2

2

Seabed Levelling Diameter (m)
Seabed Area take of foundation
structure (m2)

65

70

78

1,590

1,963

2,642

Seabed Area take excl. Scour
2
Protection (m )

3,318

3,848

4,778

4,084
5,675

4,398
6,362

4,901

2,042,821

1,145,111

16,592

19,242

2,389,181

1,385,442

4,977

5,773

8,168

8,796

13,146

14,569

4,732,417

2,622,444

Scour Protection Seabed Area
Take (m2)
2
Total Seabed Area Take (m )
Array Total Seabed Area Take
(m2)

Spoil Volume (m3)

3

Array Spoil Volume (m )
Gravel Bed (Protection Under
GBFs) Volume per WTG (m3)

Scour Protection Volume Around
GBF per WTG (m3)
Total Scour Protection Volume per
WTG (m3)
Array Total Scour Protection
Volume (m3)
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10MW
WTGs

Comments
Entire project
Based on PB design
Based on external
diameter plus 40m
Depth of sediment
dredged
Depth of sediment
dredged
Based on external
diameter plus 20m
Per foundation, footprint
of foundation only
Per foundation,
calculated with levelling
diameter
Per foundation, scour
protection area partially
overlaps levelled area

7,543 Per foundation
905,156 For all foundations
Per foundation, based
on maximum leveling
23,892 depth
For all foundations,
based on average
1,146,807 levelling depth
1.5m bed thickness
7,168 across levelled area
2m thickness from edge
of foundation to edge of
scour protection
9,802 diameter
Gravel Bed plus Scour
Projectection Around
16,969 GBF
2,036,318 For all foundatations

Installation
3.2.92

The GBFs will be constructed onshore using reinforced concrete and/or steel. A
specific manufacturing site is yet to be identified.

3.2.93

Steps involved in the method of installation of GBFs is described below:

3.2.94



Seabed levelling and preparation as necessary;



Transport to site from a fabrication yard either by a shear-leg or purpose-made
barge or, alternatively, by floating the structures (where they are hollow, selffloating) and towing them to site using up to four tug boats;



Ballasting/controlled lift, submergence and levelling of gravity base foundations;



Under base grouting if required; and



Installation of scour protection.

It is expected that the transition piece connecting the GBFs and the WTG towers will
be integrated into the GBF design and will not need to be fitted separately. However
this may be subject to change depending on decisions made during detailed design.

3.2.100 The worst case sediment release is predicted to be as described in Table 3.9 (Array
Spoil Volume).
Noise emissions
3.2.101 Underwater noise emissions from GBF installation are expected to be less than either
piled monopiles or jackets, which are assessed in the relevant receptor chapters (see
Volume 2, Chapter 3: Fish and Shellfish Ecology and Volume 2, Chapter 4: Marine
Mammals).
Scour protection
3.2.102 A gravity foundation will probably require some scour protection, depending on local
conditions. The method of protection is the application of gravel and boulders at the
periphery of the base plate. A 1 m to 1.5 m thick layer of gravel and rocks (or other
suitable material) extending 10 to 20 m from the outer edge of the base plate
perimeter is the likely dimension. This may be assisted by a skirt penetrating
approximately 0.5 to 2 m into the ground on the periphery of the concrete base plate.

Grouting details
3.2.96

At some locations, grout may be pumped in underneath the base of the GBFs to
stabilise them. For GBFs that require this, the amount of grout required could be up
to around 2,700 m3.

Summary of WTG Foundation Options
3.2.103 Table 3.10 presents a summary of the maximum affected seabed area and spoil
arising from each foundation type.
Scour and scour protection

Seabed preparation
3.2.97

3.2.98

Gravity base foundations will likely require the most seabed preparation of any of the
foundation types. The soft mobile surface sediment will have to be removed from the
seabed to provide a firm, level surface. As a worst case, in some areas of Subzone 2
a 5 m thick layer of top sediment with a diameter of 78 m may have to be excavated
before installation of GBFs. However, based on initial site surveys, it is expected that
the average thickness of the dredged layer will be up to approximately 2 m,
depending on GBF design. For the purposes of the impact assessment presented in
the Environmental Statement, it has been assumed that the dredging will be
undertaken using a 11,000 m3 trailer suction hopper dredger and the dredged
arisings will be deposited approximately 500 m away from the GBF locations.

Seabed preparation is expected to take on average three days for each foundation.
The Environmental Statement for Project Two has considered up two adjacent
seabed preparations taking place simultaneously for GBFs as a worst case.
Sediment discharges

The installation process is expected to take between three and five days per
foundation, not including seabed preparation.
Fitting the transition piece

3.2.95

3.2.99

3.2.104 The maximum requirement for scour protection around the various foundations is set
out in Table 3.10. This assumes scour protection of the following areal coverage:

Seabed preparation may also involve installing a gravel bed which would require
importation of suitable gravel material.
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For a monopile: covering an area with a diameter that is five times the
monopile’s diameter and concentric with the monopile (see paragraph 3.2.60);



For a jacket (driven piles): covering areas with a diameter that is five times each
pile’s diameter and concentric with the piles (see paragraph 3.2.83);



For a jacket (suction piles): covering areas with a diameter that is three times
each pile’s diameter and concentric with the piles (see paragraph 3.2.83); and



For a GBF: covering an area that is 40 m greater than the GBF’s diameter and
concentric with the GBF (see paragraph 3.2.102).

Table 3.10

Summary of foundation options’ seabed area take and spoil arisings.

Element
Seabed Area take per WTG excl.
2
Scour (m )
Scour Protection Seabed Area
Take (m2)
Total Seabed Area Take per WTG
2
(m )
2
Project Seabed Area Take (m )
Spoil Arisings per WTG (m3)
Spoil Arisings Project (m3)

Monopile

3

Scour Protection per WTG (m )
Scour Protection Project (m3)

Jacket

Jacket
(Suction)

GBF

79

113

1,400

4,778

1,885

2,714

11,197

4,901

1,963

2,827

441,786
3,848

339,292
6,220

865,901
3,770

746,442
5,429

848,230

651,441

7,543
12,596
1,511,546 2,042,821
23,892
- 2,389,181
16,969
22,393
2,687,193 4,732,417

3.2.105 Based on industry experience, not all foundations types and not all sites will require
scour protection. Some offshore wind farm projects have required scour protection at
less than 10% of their foundation locations. However, for the purposes of this
document a worst case scenario has been assumed that 100% of foundations will
require scour protection.

3.2.108 If these platforms are commissioned in time, they may also be used to accommodate
personnel and store parts and supplies during the construction phase of the project.
3.2.109 Further details on O&M strategy, including how accommodation platforms will be
used can be found in paragraphs 3.5.39 to 3.5.109.
Location
3.2.110 The accommodation platforms may be located near the outer edge of Subzone 2, or
adjacent to an offshore HVAC collector substation or offshore HVDC converter
substation. Precise locations are not known at this stage because they will be
dependent on the final O&M strategy designed for the project. Alternatively, mobile
platforms or accommodation vessels may be used.
3.2.111 Where an accommodation platform is situated adjacent to another offshore platform,
a connecting gangway may be constructed to connect the adjacent platform to the
offshore accommodation platform. This gangway would be between 20 m and 100 m
in length.
Design
3.2.112 The indicative design dimensions of the accommodation platforms are detailed in
Table 3.11.

3.2.106 There are several methods of protecting foundations from scour, all of which typically
include placing one or more of various substances on the seabed to reduce scour
erosion and encourage soil settlement. These substances may include, but are not
limited to, the following:


Gravel;



Artificial fronds or seaweed;



Concrete ‘mattresses’;



Bags filled with gravel;



Rock placement;



Grout or other concrete; and



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

Accommodation Platforms
3.2.107 Due to the distance from shore of Subzone 2, it is possible that up to two offshore
accommodation platforms may be required to accommodate the project operation
and maintenance (O&M) personnel and to store maintenance parts and supplies,
including fuel for helicopters and vessels.
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Table 3.11

Offshore accommodation platform parameters.

Element
Number of Accommodation
Platforms
Height of main building (m)
Height of tallest element, eg:
crane, helipad, lightning rod (m)
Width of topside (m)
Length of topside (m)
2
Area of topside (m )
Foundation Type
Seabed area affected per platform
2
(m )

2

Minimum

Maximum

-

2
60 Relative to LAT

64 Relative to LAT
20
60
20
60
400
3,600
Monopile, Jacket, GBF (inc mono suction caisson)
Includes scour, based on
6,362 Jacket (Suction Piles)

-

Total seabed area affected (m )

-

12,723

Spoil volume per platform (m3)

-

19,242

-

38,485

3

Total spoil volume (m )
Total Scour Protection Volume per
Platform (m3)
Total Scour Protection Volume (m3)

Comments

Includes scour, based on
Jacket (Suction Piles)
Includes scour, based on
GBF
Includes scour, based on
GBF
Includes scour, based on
GBF

-

14,569

-

29,138 Based on 2 platforms

3.2.113 The accommodation platforms may have helicopter platforms to allow people and
materials to be transferred to and from them by helicopter. Any helicopter use would
be designed in accordance with relevant CAA guidance and standards such as the
CAP 437, CAA Paper 2008/01 (CAA, 2012, 2010, 2008). The precise design details
of the project’s strategy for helicopter use will be determined during the detailed
design of the offshore platforms but will fall within the dimensions given in Table 3.11.
Foundations
3.2.114 The offshore accommodation platforms will be supported by either monopile, jacket
or gravity base foundations similar to those already described in the appropriate
headings above. If necessary, they will also require similar seabed preparation. Table
3.12 presents the dimensions of the indicative scenarios for the accommodation
platform foundation options.
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Table 3.12

Offshore accommodation platform foundation parameters

Element

Minimum

Monopiles
External Diameter (m)
Scour Protection Diameter (m)
Seabed Penetration Depth (m)

Maximum

Comments

4.0
-

10.0
50.0 5x pile diameter
50.0

Seabed Area take excl. Scour (m2)
Scour Protection Seabed Area
Take (m2)
Total seabed area affected per
platform (m2)

-

79 Per platform

-

1,885 Per platform

Total Seabed Area Take (m2)
Spoil Arisings per Platform (m3)

-

Total Spoil Arisings (m3)
Scour Protection Volume per
Platform (m3)
Project Total Scour Protection
Volume (m3)
Jackets (Driven Piles)
Number of Piles
Leg Spacing (m)
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)

-

Seabed Area take excl. Scour (m2)
Scour Protection Seabed Area
Take (m2)
Total seabed area affected per
platform (m2)
2
Total Seabed Area Take (m )
3

Spoil Arisings per Platform (m )
3

Total Spoil Arisings (m )
Scour Protection Volume per
3
Platform (m )
Project Total Scour Protection
Volume (m3)

-

3
15.0
1.0
20.0
-

Element
Jackets (Suction Piles)
Number of Piles
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
2
Seabed Area take excl. Scour (m )
Scour Protection Seabed Area
2
Take (m )
2
Total seabed area affected (m )
Total Seabed Area Take (m2)
3
Spoil Arisings per Platform (m )
Total Spoil Arisings (m3)
Scour Protection Volume per
3
Platform (m )
Project Total Scour Protection
3
Volume (m )
Gravity Base
External Diameter (m)
Scour Protection Diameter (m)

1,963 Per platform
Based on 5x diameter
scour protection for 2
3,927 platforms
3,927 Based on full drill out
Based on full drill out for
7,853.98 all 2 platforms
2m thickness across
3,770 scour protection area

Seabed Levelling Depth (m)
Seabed Levelling Diameter (m)
Seabed Area take of foundation
2
structure (m )
Seabed Area take excl. Scour
Protection (m2)
Scour Protection Seabed Area
Take (m2)
Total seabed area affected (m2)
Total Seabed Area Take (m2)

7,540 For all foundations
8
40.0
3.0
75.0
15 5x pile diameter

-

57 Per platform

-

1,357 Per platform

-

1,414 Per platform
2,827 Based on 2 platforms

-

4,241 Assumes full drill out
Based on full drill out for
8,482 all 2 platforms

-

2m thickness across
2,714 scour protection area

-

5,429 For all foundations

3

Spoil Arisings per Platform (m )
Total Spoil Arisings (m3)
Gravel Bed (Protection Under
3
GBFs) Volume per Platform (m )
Scour Protection Volume Around
GBF per Platform (m3)
Total Scour Protection Volume per
3
Platform (m )
Total Scour Protection Volume
3
(m )
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Minimum
3
-

Maximum

Comments

4
15.0
30.0
45 3x pile diameter
707 Per platform

-

Per platform
Per platform
Based on 2 platforms
None expected
None expected
2m thickness across
11,310 scour protection area

-

22,619 For all foundations

30.0
-

5,655
6,362
12,723
-

50.0
90.0 External diameter + 40m
Depth of sediment
5.0 dredged
70.0 External diameter + 20m
Footprint of foundation
1,963 only
Calculated with levelling
3,848 diameter
Scour protection partially
4,398 overlaps levelled area
6,362 Per platform
12,723 Based on 2 platforms
Levelling depth across
19,242 levelling diameter
38,485 Based on 2 platforms
1.5m bed thickness
5,773 across levelled area

-

8,796 2m thickness
Gravel Bed plus Scour
14,569 Protection Around GBF

-

29,138 Based on 2 platforms

Manufacturing and installation
3.2.115 The components of the accommodation platforms will be manufactured onshore,
however a specific manufacturing site has not yet been identified. Installation of the
foundation(s) will occur using the methods described in the appropriate paragraphs:
3.2.38 to 3.2.58 for monopiles; 3.2.67 to 3.2.82 for jackets; and 3.2.92 to 3.2.101 for
GBFs. The installation of the topsides of the accommodation platforms will be carried
out by a heavy lift vessel. Installation of the accommodation platform is expected to
take approximately 30 days, exclusive of weather downtime.

3.2.123 The options for the design of the offshore transmission system fall into two distinct
categories (Figure 3.3): those that use both HVAC and HVDC equipment, and those
that utilise HVAC equipment exclusively.
3.2.124 For the HVDC options, the offshore electrical components that will be required
include:

3.2.116 It is expected that where the substations are built with piled foundations that the
maximum hammer energy used to install the piles is 2,300 kJ.



Alternating Current (AC) inter-array cables from WTGs to offshore HVAC
collector substation(s);



Offshore HVAC collector substation(s);



Offshore HVDC converter substation(s);



Cables from offshore HVAC collector substation(s) to HVDC converter
substation(s); and



HVDC transmission cables from offshore HVDC converter substation(s) to
landfall.

Scour protection
3.2.117 Scour protection, if required, will be similar to the scour protection outlined in
paragraphs 3.2.104 to 3.2.105, dependent on the foundation type used, local seabed
and hydrodynamic conditions.
Navigational markings

3.2.125 For the HVAC export options, the offshore electrical components that will be required
include:

3.2.118 As with the WTGs, the offshore accommodation platforms will be marked in
accordance with the requirements of THLS, MCA, CAA, and Secretary of State for
Defence.
Power cables
3.2.119 In order to power the accommodation platforms, an electrical cable may connect from
each of them to one of either the offshore HVAC collector substations or WTGs.
Each of these (two) cables could be up to 5 km long and may require cable protection
along 26% of their entire lengths. This would lead to an area of cable protection of up
to 18,000 m2 and volume of cable protection of up to 10,400 m3.
3.2.120 The design and installations of these cables will be similar to the inter-array cables
described in paragraphs 3.2.127 to 3.2.137.
3.2.121 If a connecting gangway is used to connect the accommodation platform to another
platform then power cables may also be run along the gangway.

Offshore Transmission Infrastructure
3.2.122 In order to collect and transfer the electricity generated by the offshore WTGs to the
onshore National Grid transmission system a range of different design options are
under consideration. The final decisions will be dependent on the final WTG and
electrical design, as well as a detailed analysis of the costs, technical aspects and
available technology of the various options.



AC inter-array cables from WTGs to offshore HVAC collector substation(s);



Offshore HVAC collector substation(s);



An offshore HVAC reactive compensation substation; and



HVAC transmission cables from offshore HVAC collector substation(s) to the
landfall via the offshore HVAC reactive compensation substation.

3.2.126 Both HVDC and HVAC designs use some common components, and some
components are used only for HVDC or HVAC designs. Discussion of both common
and HVDC and HVAC specific components can be found in the paragraphs below.
Inter-array cables
3.2.127 Inter-array cables will connect the individual WTGs in Subzone 2 to the offshore
HVAC collector substation(s). The inter-array subsea cables will be a three core
configuration (see Figure 3.10) and will be buried in the seabed where possible.
3.2.128 The inter-array power cables will be either of subsea XLPE or of a mass impregnated
construction. XLPE cables contain copper or aluminium conductors insulated by
extruded XLPE layers (see Figure 3.10). Mass impregnated insulated subsea cables
are built from copper or aluminium conductors and are insulated by layers of high
density oil and resin impregnated papers. For both types of cable the insulation is
surrounded by a lead sheath (to give a radial tightness barrier to protect the high
voltage insulation material from seawater) which is then covered with extruded
polyethylene and bedding tape. Galvanized steel wire armour is then applied and a
final layer of polypropylene yarn. It is likely that each cable will have a separate fibre
optic communications component.
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3.2.129 The worst case scenario design elements of the inter-array cables are presented in
Table 3.13.

Table 3.13

Element
Total combined length of cable
(km)
Cable Diameter (mm)
Type of Cable
Voltage (kV)
Seabed area affected during
2
installation (m )
2
Area of cable protection (m )

Conductor
Conductor Screen
Swelling Tape
Fibre Optic Cable
Filler

Inter-array cabling dimensions.

Insulation (XLPE)
Insulation Screen
Lead Sheath
Insulation Tape
Swelling Tape

Steel Armour

Volume of cable protection (m3)

Polypropylene
Outer Cover

Target Burial Depth (m)

Figure 3.10

Installation Methods

Typical cross-linked polyethylene (XLPE) three core subsea cable crosssection.

Minimum

Maximum

Comments

675
100
170
XLPE or MIND, AL or CU conductors
30
70
Assumes 10m
- 6,750,000 disturbance width
Assumes 26% of cables
protected and 7m width
1,228,500 of protection berm
Assumes 26% of cables
3
protected and 4m per m
702,000 of cable protected
Subject to burial and risk
assessments, depth
given is below long term,
1.0
3.0 stable seabed level
Water jetting, ploughing,
trenching, rock-cutting,
potentially augmented by
mobile sediment
Dependent on ground
clearance and cable
conditions
protection installation

Installation
3.2.130 The extent and method by which the inter-array cables will be buried is dependent
upon the result of a detailed seabed survey of the final cable route and associated
burial risk assessment process. Cable installation would most likely involve one, or a
combination of, jetting (see paragraphs 3.3.39 to 3.3.42), trenching (see paragraphs
3.3.43 to 3.3.46) and ploughing (see paragraphs 3.3.47 to 3.3.49) from an anchored
barge or Dynamic Positioning (DP) vessel. Where cable burial is not possible, surface
laying will be required. Cable protection measures as outlined in paragraphs 3.2.134
to 3.2.136 may be deployed.
3.2.131 Where significant amounts of mobile sediment are encountered, this sediment may
be removed using dredging or other sand-wave clearance techniques.
3.2.132 Each of the cable burial methods will disturb up to a 10 m width of seabed for each
installed offshore cable due to direct contact with the burial equipment or
displacement of soil.
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3.2.133 If a cable laying barge is used, which is positioned using anchors, the barge may
deploy up to eight anchors to orientate the vessel correctly, plus an additional single
anchor to pull it forward. These anchors will need to be relocated by support vessels
once for every 500 m that the barge is required to install cables.
Cable protection
3.2.134 There is likely to be a requirement for cable protection around the inter-array cables
as they transition from the seabed to enter the WTGs via the J-tubes or I-tubes
(hollow tubes hung from the foundation that are in the shape of an “I” or “J”). The
exact amount of cable protection required at each cable end will depend on the burial
depths achieved by the inter-array cable installation.
3.2.135 The exact form of cable protection to be used will depend upon local ground
conditions, hydrodynamic processes and the selected cable protection contractor.
However, the final choice will include one or more of the following:


Gravel;



Artificial fronds or seaweed;



Concrete ‘mattresses’;



Rock placement;



Bags filled with gravel;



Grout or other concrete;



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



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

3.2.136 The method of cable protection deployment will be the same as used for the
deployment of scour protection, with a dedicated vessel used to deploy the chosen
cable protection at each cable end. There may also be a requirement to deploy
similar protection along lengths of the inter-array cables that are exposed either
because they cannot be buried or because they have become exposed due to
changes in seabed levels. For the purposes of the EIA, it has been assumed that a
worst case scenario of rock placement cable protection will be utilised for a maximum
of 26% of the inter-array cables, based on a report produced by Metoc Ltd.
3.2.137 If rock placement, or bags of gravel or grout are used to protect cables, they are
typically used to construct a berm on the seabed on top of the cable as shown in
Figure 3.11. Such berms would be up to 7 m wide and contain approximately 4 m3 of
rock or gravel, weighing approximately 17 tonnes, per metre of cable requiring
protection.

Figure 3.11

Typical cross section of cable protection berm for offshore cable.

Offshore cable crossings
3.2.138 Depending on the WTG and cable layouts chosen, offshore cable crossings may be
required to lay cables over existing pipelines and/or power cables installed in
Subzone 2 or the cable route. These crossings will be designed to minimise the
impacts of the existing infrastructure.
Installation
3.2.139 Each offshore cable crossing will be designed in more detail before installation, with
consideration being given to:


Depth of water;



Angle of crossing;



Design of offshore cable crossing and pipeline or cable being crossed;



Depth to which the pipeline or cable that is being crossed is buried;



Positions of any submarine equipment (such as well heads or valves);



Type of seabed in area of crossing (such as sand, clay, bedrock).

3.2.140 A typical offshore cable crossing, where Project Two cables are being installed by
plough, is as shown in Figure 3.12 (cable installation proceeds from the top of the
figure to the bottom):
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Before the cable installation vessel arrives at the crossing location, concrete
‘mattresses’ will be placed over the pipeline / cable that is being crossed;



When the cable plough is 250 m from the crossing location, it is gradually
graded out, bringing the project’s cables to the surface of the seabed;



When the plough is 150 m from the crossing the plough is lifted to the deck of
the cable installation vessel, arriving on deck when the vessel is 50 m from the

cable crossing, Project Two’s cables are left lying on the seabed’s surface along
this distance;


When the cable installation vessel is 50 m past the crossing, the plough starts
be to lowered back to the seabed, Project Two’s cables are left lying on the
seabed’s surface along this distance;



The plough will arrive on the seabed approximately 100 m beyond the cable
crossing, Project Two’s cables are left lying on the seabed’s surface along this
distance;



The plough is graded in for 50 m, slowly burying the cable deeper, until it is
being buried at target depth, approximately 150 m beyond the crossing;



A cable protection berm is then instated along the length started at the point the
plough started to be graded out, until it was fully graded in.

Offshore HVAC collector substation
3.2.141 The purpose of the offshore HVAC collector substation is to provide a centralised
collection point for the inter-array cables, and to transform the voltage of the
electricity generated at the WTGs to a higher voltage, suitable for transporting bulk
power flows. It is expected that a maximum of six offshore HVAC collector
substations will be required for Project Two. Figure 3.13 shows a typical offshore
HVAC collector substation.
3.2.142 Depending on Project Two’s O&M strategy fuel for helicopters and/or vessels may be
stored aboard the HVAC collector substations. Further details of the O&M options
begin considered are described in paragraphs 3.5.39 to 3.5.109.
Location
3.2.143 The substation(s) will be located within the boundary of Subzone 2, however their
exact locations are not known at this stage.
3.2.144 Where an offshore HVAC collector substation is situated adjacent to another offshore
platform, a connecting gangway may be constructed to connect the adjacent platform
to the offshore HVAC collector substation. This gangway would be between 20 m and
100 m in length.

Figure 3.12

Typical offshore cable crossing arrangement.
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Table 3.14

Offshore HVAC collector substation design parameters.

Element
Number of HVAC Substations
Height of main building (m)
Height of tallest element, eg:
crane, helipad, lightning rod (m)
Width of topside (m)
Length of topside (m)
2
Area of topside (m )
Voltage (kV)
Foundation Type

Minimum
2
-

64 Relative to LAT
15
60
25
60
375
3,600
33
400
Monopile, Jacket, GBF (inc mono suction caisson)

Seabed area affected per platform
(m2)

-

Total seabed area affected (m2)

-

Spoil Volume Per Platform (m3)

-

Total spoil volume (m3)

-

Includes scour, based on
76,341 Jacket (Suction Piles)
Includes scour, based on
19,242 GBF
Includes scour, based on
115,454 GBF

-

Includes scour, based on
22,619 Jacket (Suction Piles)

-

Includes scour, based on
135,717 Jacket (Suction Piles)

Total Scour Protection Volume per
Platform (m3)
Figure 3.13

Typical offshore HVAC collector substation.

3

Total Scour Protection Volume (m )

Design
3.2.145 The worst case design elements will comprise those presented in Table 3.14. It may
be preferable for any or all of the offshore HVAC collector substations to have
helicopter access and therefore this has been included in the Design Envelope. Any
helicopter access would be designed in accordance with relevant CAA guidance and
standards such as the CAP 437 (CAA, 2012), CAP 1145 (CAA 2014), and CAA
Paper 2008/01 (CAA, 2008). The precise details of any helicopter access will be
determined during the detailed design of the offshore platforms but will fall within the
dimensions given in Table 3.14.

Maximum
Comments
6
60 Relative to LAT

Includes scour, based on
12,723 Jacket (Suction Piles)

Foundations
3.2.146 Offshore HVAC collector substations will be supported by a monopile, jacket or
gravity base foundation. The characteristics of the foundations will be similar to those
already described under those appropriate headings above and, where necessary,
will require similar seabed preparations.
3.2.147 Table 3.15 presents the dimensions of the key design elements for the offshore
HVAC collector substation foundations.
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Table 3.15

Offshore HVAC collector substation foundation dimensions.

Minimum

Element
Monopiles
External Diameter (m)
Scour Protection Diameter (m)
Seabed Penetration Depth (m)
Seabed Area take excl. Scour
Protection (m2)
Scour Protection Seabed Area
2
Take (m )
Total seabed area affected per
2
platform (m )

Total Spoil Arisings (m )
Scour Protection Volume per
Platform (m3)
Project Total Scour Protection
Volume (m3)

4.0
-

10.0
50.0 5x pile diameter
50.0

-

79 Per platform

-

-

2m thickness across
3,770 scour protection area

-

3
15.0
1.0
20.0
-

Total seabed area affected (m )
2
Total Seabed Area Take (m )

1,885 Per platform
1,963 Per platform
Based on 5x diameter
scour protection for 6
11,781 platforms
3,927 Based on full drill out
Based on full drill out for
23,562 all 6 platforms

-

3

3

Comments

2

2
Total Seabed Area Take (m )
Spoil Arisings per Platform (m3)

Total Spoil Arisings (m )
Scour Protection Volume per
3
Platform (m )
Project Total Scour Protection
3
Volume (m )
Jackets
Number of Piles
Leg Spacing (m)
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
Seabed Area take excl. Scour
2
Protection (m )
Scour Protection Seabed Area
2
Take (m )
Total seabed area affected per
platform (m2)
Total Seabed Area Take (m2)
3
Spoil Arisings per Platform (m )

Maximum

Element
Jackets (Suction Piles)
Number of Piles
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
2
Seabed Area take excl. Scour (m )
Scour Protection Seabed Area
2
Take (m )

3

Spoil Arisings per Platform (m )
3

Total Spoil Arisings (m )
Scour Protection Volume per
3
Platform (m )
Project Total Scour Protection
3
Volume (m )
Gravity Base
External Diameter (m)
Scour Protection Diameter (m)
Seabed Levelling Depth (m)
Seabed Levelling Diameter (m)
Seabed Area take of foundation
2
structure (m )
Seabed Area take excl. Scour
2
Protection (m )
Scour Protection Seabed Area
2
Take (m )

22,619 For all foundations
8
40.0
3.5
75.0
18 5x pile diameter

2

Total seabed area affected (m )

-

77 Per platform

-

1,847 Per platform

2

-

22,167 For all foundations
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Maximum

Comments

8
15.0
30.0
45 3x pile diameter
1,414 Per platform

-

11,310 Per platform

-

12,723 Per platform
76,341 Based on 6 platforms

-

- None expected

30.0
-

- None expected
2m thickness across
22,619 scour protection area
135,717 For all foundations
50.0
90 External diameter + 40m
5.0 Depth of dredged
70 External diameter + 20m

-

Footprint of foundation
1,963 only

-

Calculated with levelling
3,848 diameter

-

4,398 overlaps levelled area

-

6,362 Per platform

Scour protection partially

-

Spoil Arisings per Platform (m3)

-

Total Spoil Arisings (m )
Gravel Bed (Protection Under
GBFs) Volume per Platform (m3)
Scour Protection Volume Around
3
GBF per Platform (m )
Total Scour Protection Volume per
3
Platform (m )
Total Scour Protection Volume
3
(m )

1,924 Per platform
11,545 Based on 6 platforms
5,773 Assumes full drill out
Based on full drill out for
34,636 all 6 platforms
2m thickness across
3,695 scour protection area

3
-

Total Seabed Area Take (m )

3

-

Minimum

-

38,170 Based on 6 platforms
Levelling depth across
19,242 levelling diameter
115,454 Based on 6 platforms

-

1.5m bed thickness
5,773 across levelled area

-

8,796 2m thickness

-

Gravel Bed plus Scour
14,569 Protection Around GBF

-

87,415 Based on 6 platforms

Design

Manufacturing and installation
3.2.148 The components will be manufactured onshore, however a specific manufacturing
site has not yet been identified. Installation of the foundations will occur in the method
described in the appropriate paragraphs: 3.2.38 to 3.2.58 for monopiles; 3.2.67 to
3.2.82 for jackets; and 3.2.92 to 3.2.101 for GBFs. The installation of the topsides will
be carried out by a heavy lift vessel. Installation is expected to take approximately 30
days, exclusive of weather downtime.

3.2.154 Table 3.16 presents the worst case design elements of the offshore HVDC converter
substation.

3.2.149 It is expected that where the substations are built with piled foundations that the
maximum hammer energy used to install the piles is 2,300 kJ.
Scour protection
3.2.150 The exact form of scour protection to be used will depend on local ground conditions,
hydrodynamic processes and the selected cable protection contractor. However, the
final choice will include one or more of the following:


Gravel;



Artificial fronds or seaweed;



Concrete ‘mattresses’;



Rock placement;



Bags filled with gravel;



Grout or other concrete; and



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

Navigational and Aviation markings
3.2.151 As with the WTGs and accommodation platforms, the offshore HVAC collector
stations will be marked in accordance with the requirements of the THLS, MCA, CAA
and Secretary of State for Defence.

Figure 3.14

Example offshore HVDC converter substation.

HVDC export option
3.2.152 Paragraphs 3.2.152 to 3.2.187 describe the various elements of the HVDC export
option.
Offshore HVDC converter substation
3.2.153 The power generated by the WTGs will be at medium voltage (30 to 70kV) before
being increased to high voltage at the offshore HVAC collector substations. The
HVAC electricity is then converted to HVDC by the offshore HVDC converter
substation(s) before being transported to shore via HVDC cables. Figure 3.14 shows
a currently installed offshore HVDC converter substation.

Location
3.2.155 Up to two offshore HVDC converter substations will required for Project Two. It is
anticipated that these will be located within the Subzone 2 WTG arrays. Co-location
and/or consolidation with the offshore HVAC collector substations is also being
considered.
3.2.156 Where an offshore HVDC converter substation is situated adjacent to another
offshore platform, a connecting gangway may be constructed to connect the adjacent
platform to the offshore HVDC converter substation. This gangway would be between
20 m and 100 m in length.
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Table 3.16

Offshore HVDC converter substation dimensions.

Element
Number of Converter Substations
Height of main building (m)
Height of tallest element, eg:
crane, helipad, lightning rod (m)
Width of topside (m)
Length of topside (m)
Area of topside (m2)
Voltage (kV)
Foundation Type

Minimum
1
-

Maximum
Comments
2
100 Relative to LAT

3.2.160 If GBFs are used, the platform would likely be supported on two or three pontoons
which rest on the seabed. The pontoons would likely be connected to the topside
using between two and six columns each. The GBFs could be constructed from either
concrete or steel, or a combination of the two. An example diagram of this type of
foundation is shown in Figure 3.15.

70
30
2,100

110 Relative to LAT
180
90
16,200
+/- 600
Jacket(s) or GBF

Seabed area affected per platform
(m2)

-

-

Includes scour, based on
101,788 Jacket (Suction Piles)
Includes scour, based on
104,500 GBF
Includes scour, based on
209,000 GBF

-

Includes scour, based on
90,478 Jacket (Suction Piles)

-

Includes scour, based on
180,956 Jacket (Suction Piles)

2

-

Spoil Volume Per Platform (m )

-

Total seabed area affected (m )
3

3

Total spoil volume (m )
Total Scour Protection Volume per
Platform (m3)
3

Total Scour Protection Volume (m )

Includes scour, based on
50,894 Jacket (Suction Piles)

Foundations
3.2.157 The offshore HVDC converter substation(s) will be supported by either jackets or
GBFs.
3.2.158 Table 3.17 presents the dimensions of the key design elements for the offshore
HVDC converter substation foundation options. This table assumes a worst-case
scenario for each foundation option, i.e. including drilling and disposal of arisings and
also use of scour protection at each foundation location.
3.2.159 If jacket foundations are used, it has been assumed that up to four jackets may be
used to support the offshore HVDC converter substation. However, it is also possible
that a single jacket, supported by the same number of piles as four jackets might
have been, could also be used.
Figure 3.15
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Indicative HVDC converter substation gravity base pontoon design.

Table 3.17

Offshore HVDC converter substation foundation dimensions.
Element

Jackets
Number of Jackets per topside
Number of Piles per Jacket
Number of Piles per topside

Leg Spacing (m)
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
Seabed Area take excl. Scour (m2)
Scour Protection Seabed Area
Take (m2)
Total seabed area affected per
platform (m2)
Total Seabed Area Take (m2)
Spoil Arisings per Platform (m3)
3
Total Spoil Arisings (m )
Scour Protection Volume per
3
Platform (m )
Project Total Scour Protection
3
Volume (m )
Jackets (Suction Piles)
Number of Piles per Jacket
Number of Piles per topside
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
2
Seabed Area take excl. Scour (m )
Scour Protection Seabed Area
2
Take (m )
Total seabed area affected per
2
platform (m )
Total Seabed Area Take (m2)
Spoil Arisings per Platform (m3)
Total Spoil Arisings (m3)
Scour Protection Volume per
3
Platform (m )
Project Total Scour Protection
3
Volume (m )

Minimum

Maximum

1
3
3

4
18
72

15.0
1.0
20.0
2
2
5
3
-

Comments

Element
Gravity Bases (Pontoon Design)
Number of pontoons
Pontoon length (m)
Pontoon width (m)

Max distance between
piles if only one in each
170.0 corner of a single jacket
3.5
80.0
17.5 5x pile diameter
693 Per platform
16,625 Per platform
17,318 Per platform
34,636 Based on 2 platforms
55,418 Assumes full drill out
Based on full drill out for
110,835 all 2 platforms
2m thickness across
33,251 scour protection area

Base width (m)
Seabed Area take of foundation
structure (m2)

59.0
3,672

Seabed Area take excl. Scour
Protection (m2)

7,268

Scour Protection Seabed Area
Take (m2)

7,416

Total Seabed Area Take (m )

11,088

Spoil Arisings per Platform (m3)

36,340
-

Total Spoil Arisings (m )
Gravel Bed (Protection Under
Pontoons) Volume per Platform
(m3)
Scour Protection Volume Around
GBF per Platform (m3)
Total Scour Protection Volume per
Platform (m3)
Total Scour Protection Volume
(m3)

45,239 Per platform
50,894
101,788
-

23.0

3

8
32
15.0
30.0
45 3x pile diameter
5,655 Per platform

Per platform
Based on 2 platforms
None expected
None expected

2m thickness across
90,478 scour protection area
180,956 For all foundations
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72.0
17.0

Pontoon spacing (m)

2

66,501 For all foundations

Minimum

16,632.0

-

16,632.0
-

Maximum

Comments

3
170.0
35.0
Distance between
pontoons - inner edge to
36.0 inner edge
Width of structure from
90.0 outer edges of pontoons
17,850 Footprint of pontoons
Out to a 10m buffer
around whole structure
20,900 is levelled
Out to a 20m buffer
around whole structure,
area omits footprint of
9,450 pontoons
27,300 Per platform
5m of seabed removed
104,500 in levelled area
209,000 Based on 2 platforms
1.5m bed thickness
40,950 across levelled area
2m thickness from edge
of pontoons to edge of
18,900 scour protection
Gravel Bed plus Scour
Protection around
59,850 Pontoons
119,700 Based on 2 platforms

Manufacturing and installation
3.2.161 The components of the offshore HVDC converter substation will be manufactured
onshore, however a specific manufacturing site has not yet been identified.
3.2.162 The installation of the topsides may be carried out by a heavy lift vessel or the entire
structure, foundation and topsides will be self-installing. In the case of a self-installing
structure, the topside and foundation will be preassembled together and floated to
site with the assistance of tugs. Once on site, the structure will be sunk, and ballasted
as necessary, such that the foundation stands on the seabed. In either case,
installation is expected to take approximately 30 days, exclusive of weather
downtime.
3.2.163 It is expected that where the substations are built with piled foundations that the
maximum hammer energy used to install the piles is 2,300 kJ.
Scour protection
3.2.164 The exact form of scour protection to be used will depend on local ground conditions,
hydrodynamic processes and the selected cable protection contractor. However, the
final choice will include one or more of the following:


Gravel;



Artificial fronds or seaweed;



Concrete ‘mattresses’;



Rock placement;



Bags filled with gravel;



Grout or other concrete; and



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

3.2.167 Cables of this kind could also potentially to connect the Project Two HVAC collector
substations and offshore HVDC converter substations to those of other offshore wind
projects. The offshore substations have been designed to be large enough to
facilitate such connections. However, cable connections themselves have not been
assessed within the Environmental Statement because their destination and routing
is not known at this time. Once it is known, further environmental assessments will
be carried out and consents sought.
3.2.168 As with the inter-array cables, these subsea cables will be HVAC, three core, and
buried in the seabed where possible. In the event of cable burial not being possible,
e.g. when entering platform foundations, additional cable protection will be provided
(see details on cable protection above).
3.2.169 Depending on the capacity of the HVAC collector substations, up to two offshore
platform interconnector cables may be needed to connect them to the offshore HVDC
converter substations.
3.2.170 Table 3.18 presents the worst case design elements of the offshore platform
interconnector cables.
Table 3.18

Platform interconnector cables from offshore HVAC collector substations
to offshore HVDC Convertor Stations dimensions.
Element

Number of Cable Circuits

Number of Cable Trenches
Type of cable
Total combined length of cable
(km)
Cable diameter (mm)
Conductor cross-section (mm2)
Cable weight (kg/m)
Voltage (kV)

Navigational and Aviation markings
3.2.165 As with the WTGs and other offshore structures associated with Project Two, the
offshore HVDC converter substations will be marked in accordance with the
requirements of the THLS, MCA, CAA, and the Secretary of State for Defence.

Minimum

Maximum Comments
Assuming up to two per
HVAC Collector
2
12 Substation
One three core cable
per circuit, one cable per
2
12 trench
XLPE or MIND insulation, Al or Cu conductors
500
80
132

300 Total for all of this type
300
1,200
125
400

Offshore platform interconnector cables
3.2.166 The purpose of offshore platform interconnector cables is to connect the offshore
HVAC collector substations to the offshore HVDC converter substations.

Installation
3.2.171 The installation methods considered for offshore platform interconnector cables are
the same as transmission cables for HVAC export cables, refer to paragraphs
3.2.207 to 3.2.214. A summary of the important installation information is presented
in Table 3.19.
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Table 3.19

Platform interconnector cable installation dimensions.
Element

Minimum

Target burial depth (m)
Seabed area affected during
2
installation (m )
2
Area of cable protection (m )

3

Volume of cable protection (m )

Installation Methods

Maximum Comment

-

3.0

-

3,000,000

-

546,000

Subject to burial and risk
assessments, depth
given is below long term,
stable seabed level
Assumes 10m
disturbance width
Assumes 26% of cables
protected and 7m width
of protection berm
Assumes 26% of cables
3
protected and 4m per m
of cable protected

312,000
Water jetting, ploughing,
trenching, rock-cutting,
potentially augmented by
mobile sediment
clearance and cable
Dependent on ground
protection installation
conditions

Figure 3.16

Export cables (HVDC)
3.2.172 For the HVDC transmission option the bulk power flows from the offshore HVDC
converter substation(s) to landfall, fed via up to two HVDC circuits; each comprising
two single core subsea cables in separate trenches (i.e., up to four trenches in total),
or bundled together with two cables to a single trench. It is likely that each cable will
have a separate fibre optic communications component. If the cables are bundled,
each bundled cable may be separated near the substation and at the near shore pullin (at approximately 100 m and 50 m respectively).
3.2.173 The HVDC export cables will be either of subsea XLPE or of a mass impregnated
construction. XLPE cables contain copper or aluminium conductors insulated by
extruded XLPE layers (see Figure 3.16). Mass impregnated insulated subsea cables
are built from copper or aluminium conductors and are insulated by layers of high
density oil and resin impregnated papers. For both types of cable the insulation is
surrounded by a lead alloy sheath (to give a radial water tightness barrier to protect
the high voltage insulation material from seawater) which is then covered with
extruded polyethylene and bedding tape. Galvanized steel wire armour is then
applied and a final layer of polypropylene yarn.

Typical HVDC XLPE single core subsea cable cross-section.

Location
3.2.174 Figure 3.4 shows the location of the cable route corridor, as identified in the
Agreement for Lease with The Crown Estate. It was determined following geophysical
and geotechnical surveys. The cable corridor is approximately 115 km in length
running from the southern boundary of Subzone 2 to a landfall at Horseshoe Point in
North Lincolnshire. However, the offshore HVDC converter substations may be
located within Subzone 2, away from the southern boundary. Therefore, as a worst
case scenario the HVDC cables may be up to 150km long. The spatial extent of the
work limits will accompany the DCO application to PINS.
Design
3.2.175 Details of the worst case design elements of the HVDC subsea cable system are
presented in Table 3.20.
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Table 3.20

Offshore HVDC cable dimensions.
Element

Number of Cable Circuits

Number of Cable Trenches
Type of cable
Length of cable route (km)
Cable diameter (mm)
Conductor cross-section (mm2)
Cable weight (kg/m)
Voltage (kV)

Maximum Comments
Max assumes 900MW
1
2 per circuit
From a single two core
cable to 2 pairs of single
core cables (4 total) per
circuit, one cable per
1
4 trench
XLPE or MIND insulation, Al or Cu conductors
150
80
190
500
3,000
25
85
+/- 600
Minimum

3.2.179 If cable laying barges are used, which are positioned and manoeuvred using anchors,
the barges may deploy up to eight anchors to orientate them correctly plus one ‘pull
anchor. These anchors may need to be relocated by support vessels once for every
500 m that the barge is required to install cables. It is possible that two barges will be
used to lay a given length of cable: one to surface lay the cable and a second to bury
it. Alternatively, DP vessels may be used to lay the cables, which do not require
anchors to operate.
3.2.180 The trench dimension options (depth and width) for the HVDC cable are presented in
Table 3.21 determined by the cable burial method and seabed conditions.
Table 3.21

Offshore HVDC cable installation dimensions.

Element

Minimum

Maximum Comment

Installation

Target burial depth (m)
Seabed area affected during
installation (m2)
2
Area of cable protection (m )

3.2.176 The extent and method by which the HVDC cables will be buried is dependent on the
result of a detailed seabed survey of the final cable route and associated burial risk
assessment process. Cable installation would likely involve one, a combination of, or
all of, ploughing, trenching, jetting, rock-cutting, dredging, surface laying with post lay
burial, or surface laying. Where cable burial is not possible, cable protection
measures will be used as, described in paragraphs 3.2.134 to 3.2.136. A realistic
worst case scenario is that such cable protection will be required for up to 25% of the
entire offshore export cable route length, including up to 25% of the length within the
Humber Estuary SAC. Within the boundary of the Humber Estuary SAC cable
protection measures will be limited to frond mattressing only. No cable protection is
expected to be required or used in the intertidal area at the cable landfall.
3.2.177 There may be a limited number of locations where the cable will need to be buried to
a depth of 5 m. These locations will likely be in areas with large mobile sand waves
and as a worst case scenario could include up to 20% of the length of the offshore
cable route. The 5 m burial depth could be achieved by first using high pressure
water jets to ‘blow’ away the sand waves along the cable route and then bury the
cables once the sand waves have been removed using standard ploughing,
trenching, or water jetting methods and equipment. When the sand waves reestablish themselves over top of the cables, the cables could then be at a depth of
around 5m under the surface of the seabed sediments. However, this would still only
represent a depth of between 1m and 3m below long term, stable seabed level as
stated in Table 3.21.

3

Volume of cable protection (m )

Installation Methods

1.0

3.0

-

6,000,000

-

1,050,000

Subject to burial and risk
assessments, depth
given is below long term,
stable seabed level
Assumes 10m
disturbance width
Assumes 25% of cables
protected and 7m width
of protection berm
Assumes 25% of cables
protected and 4m3 per m
of cable protected

600,000
Water jetting, ploughing,
trenching, rock-cutting,
potentially augmented by
mobile sediment
clearance and cable
Dependent on ground
protection installation
conditions

Offshore field cable jointing
3.2.181 There may be some offshore field jointing of the HVDC export cables needed along
the length of the cable route due to its length. The jointing will be achieved by
recovering both cable ends onto a suitable vessel platform and performing the
jointing operation. On completion of the jointing works, the joint will be placed back
onto the seabed using the jointing vessel crane. The joint will then be buried at a later
date by another vessel, most likely by jetting.

3.2.178 Up to four trenches required to accommodate the HVDC transmission circuits, though
this will be ultimately determined by cable design and installation methodology.
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Pre-Construction cable surveys
3.2.182 Prior to any of the cable installation associated with Project Two a formal preconstruction geophysical survey of the final route will take place to identify in detail
seabed conditions and morphology and presence/absence of any potential
obstructions or hazards.
3.2.183 Following the pre-construction route survey, it is likely that a Pre-Lay Grapnel Run
(PLGR) of the final cable route and an associated route clearance survey will be
undertaken. A multi-purpose vessel will be mobilised with a series of grapnels,
chains, recovery winch and survey spread suitable for vessel positioning and data
logging.
3.2.184 Any items recorded will be recovered onto deck where possible and the results of this
survey will be used to determine the need for a formal route clearance programme.
The PLGR work will take account of and adhere to any archaeological protocols
developed for Project Two.
Pre-laying Works
3.2.185 Where pre-construction surveys show pronounced sand waves along the route, these
may require dredging to the level of the bottom of the sand waves’ troughs. This can
be achieved by using a suction dredger or by using mass flow excavator system
mounted on a DP vessel. The width of the channel to be dredged through the sand
waves will depend on the height of the waves as sufficient width will be required to
stop sand falling back into the gap.
Cable and pipeline crossing requirements
3.2.186 The offshore cables may need to cross other cables or pipelines either associated
with Project Two, other projects in the Hornsea Zone, or third party developments or
infrastructure. In order to protect the cables and pipelines at these crossing points,
cable protection, as defined in paragraphs 3.2.133 to 3.2.136, is placed on the
seabed between and/or overtop of the cables and pipelines. Details of each of the
offshore crossings are provided in Annex 4.3.6.
3.2.187 Depending on the crossing agreements, the pipelines and cable crossings may
require pre-lay preparation work which will consist of either the laying of filter stones
using a rock dumper with a fall pipe or by the placing of concrete mattresses. Should
the removal of boulders be required, this would usually be carried out with a dredger
equipped with a rock grab. If any areas of exposed bedrock are found along the route
that pose a risk of cable suspension then rock placement is used to 'smooth out' the
route prior to cable laying.

Offshore HVAC collector substations
3.2.189 In the case of the HVAC export option, the offshore HVAC collector substations
provide a centralised collection point for the inter-array cables and will transform the
voltage of the electricity generated at the WTG to a higher voltage. However, instead
of transmitting this power to an offshore HVDC converter substation, as in the HVDC
option, they instead transmit it to shore via export cables and an offshore HVAC
reactive compensation substation. In the HVAC export option the offshore HVAC
collector substations could also be used to provide additional reactive compensation
using reactors similar to those in the HVAC reactive compensation substation. Figure
3.13 shows a typical offshore HVAC collector substation.
Location
3.2.190 As with the HVDC export option, the offshore HVAC collector substations will be
located within Subzone 2. The final locations will be determined following an
optimisation study of the inter-array cable layout.
3.2.191 Where an offshore HVAC collector substation is situated adjacent to another offshore
platform, a connecting gangway may be constructed to connect the adjacent platform
to the offshore HVAC collector substation. This gangway would be between 20 m and
100 m in length.
Design
3.2.192 The offshore HVAC collector substation design will be the same under the HVAC
export option as the HVDC export option and will have the same Design Envelope
parameters as those presented in Table 3.14 above.
3.2.193 As with the offshore HVAC collector substations used in the HVDC export option, it
may be preferable for the offshore HVAC collector substations to have helicopter
access and therefore this has been allowed in the Design Envelope.
Foundations
3.2.194 The offshore HVAC collector substation foundations will be the same as for the
offshore HVAC collector substations in the HVDC export option as presented in Table
3.15.
Manufacturing and installation
3.2.195 The methods of manufacture and installation of the offshore HVAC collector
substation will be the same as for the HVAC collector substations in the HVDC export
option. Please refer to paragraph 3.2.148.

HVAC export option
3.2.188 Paragraphs 3.2.188 to 3.2.214 describe the infrastructure associated with the HVAC
export option.
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Scour protection

Design

3.2.196 The exact form of scour protection to be used will depend on local ground conditions,
hydrodynamic processes and the selected cable protection contractor. However, the
final choice will include one or more of the following:

3.2.200 Table 3.23 presents the worst case design elements of the offshore HVAC reactive
compensation substation.



Gravel;

Table 3.23



Artificial fronds or seaweed;



Concrete ‘mattresses’;



Rock placement;



Bags filled with gravel;



Grout or other concrete; and



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

Minimum Maximum Comments
Element
2
Number of Reactor Substations
60 Relative to LAT
Height of main building (m)
Height of tallest element, eg:
crane, helipad, lightning rod (m)
64 Relative to LAT
60
Width of topside (m)
60
Length of topside (m)
2
3,600
Area of topside (m )
132
400
Voltage (kV)
Foundation Type
Monopile, Jacket, GBF (inc mono suction caisson)
Seabed area affected per platform
Includes scour, based on
2
(m )
6,362 Jacket (Suction Piles)
Includes scour, based on
2
12,723 Jacket (Suction Piles)
Total seabed area affected (m )
Includes scour, based on
3
19,242 GBF
Spoil Volume Per Platform (m )
Includes scour, based on
3
38,485 GBF
Total spoil volume (m )
Total Scour Protection Volume per
Includes scour, based on
3
14,569 GBF
Platform (m )
Includes scour, based on
3
29,138 GBF
Total Scour Protection Volume (m )

Navigational markings
3.2.197 As with the WTGs and accommodation platforms, the offshore HVAC collector
stations will be marked in accordance with the requirements of the THLS, MCA, CAA,
and the Secretary of State for Defence.
Offshore HVAC reactive compensation substations
3.2.198 In order to limit the electrical losses inherent in using HVAC transmission over long
distances it is necessary to use shunt reactors to provide reactive compensation at
some point close to the midway point along the export transmission cables. The
electrical reactors would be housed on offshore HVAC reactive compensation
substations.

Offshore HVAC reactive compensation substation dimensions.

Location
Foundation

3.2.199 Up to two offshore HVAC reactive compensation substations will be required for
Project Two. These will be located at the coordinates given in Table 3.22, below, and
shown in Works Plan (Offshore) (Document Reference 5.1). These substations may
be micro sited up to 250 m away from these coordinates due to local ground
conditions or environmental constraints.

3.2.201 The offshore HVAC reactive compensation substations will be supported on
monopiles, jackets, or GBFs, similar to those described for WTGs in paragraphs
3.2.29 to 3.2.102 and, where necessary, will require similar seabed preparations.

Table 3.22

3.2.202 Table 3.24 presents the dimensions of the key design elements for the offshore
HVAC reactive compensation substation foundations.

Reactive substation coordinates (WGS 1984).

Substation
One
Two

Latitude
53° 37' 54.291" N
53° 38' 9.295" N

Longitude
0° 55' 59.731" E
0° 55' 49.576" E
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Table 3.24

Offshore HVAC reactive compensation substation foundation dimensions.

Minimum

Element
Monopiles
External Diameter (m)
Scour Protection Diameter (m)
Seabed Penetration Depth (m)
Seabed Area take excl. Scour
2
Protection (m )
Scour Protection Seabed Area
Take (m2)
Total seabed area affected per
2
platform (m )

2

Total Seabed Area Take (m )
3
Spoil Arisings per Platform (m )
3

Total Spoil Arisings (m )
Scour Protection Volume per
Platform (m3)
Project Total Scour Protection
Volume (m3)
Jackets
Number of Piles
Leg Spacing (m)
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
Seabed Area take excl. Scour
Protection (m2)
Scour Protection Seabed Area
Take (m2)
Total seabed area affected per
platform (m2)
Total Seabed Area Take (m2)
Spoil Arisings per Platform (m3)
3

Total Spoil Arisings (m )
Scour Protection Volume per
3
Platform (m )
Project Total Scour Protection
3
Volume (m )

Maximum

Comments

4.0
-

10.0
50 5x pile diameter
50.0

-

79 Per platform

-

1,885 Per platform

-

-

1,963 Per platform
Based on 5x diameter
scour protection for 2
3,927 platforms
3,927 Based on full drill out
Based on full drill out for
7,854 all 2 platforms
2m thickness across
3,770 scour protection area

-

7,540 For all foundations

-

3
15.0
1.0
20.0
-

Element
Jackets (Suction Piles)
Number of Piles
Pile Diameter (m)
Pile Penetration Depth (m)
Scour Protection Diameter (m)
Seabed Area take excl. Scour (m2)
Scour Protection Seabed Area
Take (m2)
Total seabed area affected (m2)
Total Seabed Area Take (m2)
Spoil Arisings per Platform (m3)
Total Spoil Arisings (m3)
Scour Protection Volume per
Platform (m3)
Project Total Scour Protection
3
Volume (m )
Gravity Base
External Diameter (m)
Scour Protection Diameter (m)
Seabed Levelling Depth (m)
Seabed Levelling Diameter (m)
Seabed Area take of foundation
2
structure (m )
Seabed Area take excl. Scour
2
Protection (m )

8
40.0
3.0
75.0
15 5x pile diameter

Scour Protection Seabed Area
2
Take (m )
Total seabed area affected (m2)
2
Total Seabed Area Take (m )

57 Per platform
1,357 Per platform

-

-

1,414 Per platform
2,827 Based on 2 platforms
4,241 Assumes full drill out
Based on full drill out for
8,482 all 2 platforms
2m thickness across
2,714 scour protection area

-

5,429 For all foundations

-

Spoil Arisings per Platform (m3)
Total Spoil Arisings (m3)
Gravel Bed (Protection Under
3
GBFs) Volume per Platform (m )
Scour Protection Volume Around
3
GBF per Platform (m )
Total Scour Protection Volume per
3
Platform (m )
Total Scour Protection Volume
3
(m )
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Minimum
3
-

Maximum

Comments

4
15.0
30.0
45 3x pile diameter
707 Per platform

-

5,655 Per platform
6,362 Per platform
12,723 Based on 2 platforms
None expected
None expected
2m thickness across
11,310 scour protection area

-

22,619 For all foundations

30.0
-

-

50.0
90.0 External diameter + 40m
Depth of sediment
5.0 dredged
70 External diameter + 20m
Footprint of foundation
1,963 only
Calculated with levelling
3,848 diameter
Scour protection area
partially overlaps levelled
4,398 area
6,362 Per platform
12,723 Based on 2 platforms
Levelling depth across
19,242 levelling diameter
38,485 Based on 2 platforms
1.5m bed thickness
5,773 across levelled area

-

8,796 2m thickness
Gravel Bed plus Scour
14,569 Protection Around GBF

-

29,138 Based on 2 platforms

Manufacturing and installation
3.2.203 The components of the offshore HVAC reactive substation will be manufactured
onshore, however a specific manufacturing site has not yet been identified.
Installation of the foundation will occur using the methods described in the
appropriate paragraphs: 3.2.38 to 3.2.58 for monopiles; 3.2.67 to 3.2.82 for jackets;
and 3.2.92 to 3.2.101 for GBFs. The installation of the topsides will be carried out by
a heavy lift vessel. Installation is expected to take approximately 30 days, exclusive
of Weather Downtime.
3.2.204 It is expected that where the substations are built with piled foundations that the
maximum hammer energy used to install the piles is 2,300 kJ.
Scour protection
3.2.205 Scour protection, if required, will be similar to the scour protection outlined in
paragraphs 3.2.104 to 3.2.106 and will be dependent on the foundation type used.
Navigational markings
3.2.206 As with the WTGs and other offshore structures associated with Project Two, the
offshore reactive compensation station will be marked in accordance with the
requirements of the THLS, MCA, CAA and the Secretary of State for Defence.
Export cables (HVAC)
3.2.207 Up to eight HVAC cable circuits running to the shore are expected to be used to
connect the offshore HVAC collector substations to the onshore substation, via the
offshore HVAC reactive compensation substation, with a voltage of between 132 and
400 kV. Each cable circuit will likely consist of a single three-core submarine cable
buried in its own trench.
Location
3.2.208 Figure 3.4 shows the location of the cable route corridor, as identified in the
Agreement for Lease with The Crown Estate. It was determined following geophysical
and geotechnical surveys. The cable corridor is approximately 115 km in length
running from the southern boundary of Subzone 2 to a landfall at Horseshoe Point in
North Lincolnshire. However, the offshore HVAC collector substations may be located
within Subzone 2, away from the southern boundary. Therefore, as a worst case
scenario the HVAC cables may be up to 150km long.
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Design

Table 3.26

Element

3.2.209 Details of the worst case design elements of the HVAC subsea cable system are
presented in Table 3.25.
Table 3.25

Offshore HVAC cable installation dimensions.
Minimum

Maximum

Offshore HVAC transmission cable dimensions.

Element
Number of Cable Circuits

Number of Cable Trenches
Type of cable
Length of cable route (km)
Cable diameter (mm)
Conductor cross-section (mm2)
Cable weight (kg/m)
Voltage (kV)

Minimum

Target burial depth (m)
Seabed area affected during
2
installation (m )
Area of cable protection (m2)

Maximum

Comments
Max assumes 225MW
2
8 per circuit
One three core cable
per circuit, one cable per
2
8 trench
XPLE or MIND insulation, Al or Cu conductors
150
300
500
1,200
80
125
132
400 220kV expected

3.2.211 The trench dimension options (depth and width) for the HVAC cable, presented in
Table 3.26, are determined by the cable burial method and seabed conditions.
Cable and pipeline crossing requirements
3.2.212 The cable and pipeline crossing requirements are the same as for the HVDC export
cables, as described in 3.2.186 to 3.2.187. Details of each of the offshore crossing’s
requirements are provided in Annex 4.3.6.
Offshore field cable jointing
3.2.213 The offshore field cable jointing will be the same as for the HVDC export cables, as
described in paragraph 3.2.181.

-

12,000,000

-

2,100,000

Volume of cable protection (m )

Installation Methods

methods will be the same as for inter-array cables and HVDC
paragraphs 3.2.127 through 3.2.143 and 3.2.176 through
of trenches required to accommodate the HVAC transmission
eight, ultimately determined by cable design and installation

3.0

3

Installation
3.2.210 The cable installation
transmission cables,
3.2.189. The number
circuits will be up to
methodology.

-

Comment
Subject to burial and risk
assessments, depth
given is below long term,
stable seabed level
Assumes 10m
disturbance width
Assumes 25% of cables
protected and 7m width
of protection berm
Assumes 25% of cables
3
protected and 4m per m
of cable protected

1,200,000
Water jetting, ploughing,
trenching, rock-cutting,
potentially augmented by
mobile sediment clearance
and cable protection
Dependent on ground
installation
conditions

Pre-Construction cable surveys
3.2.214 The pre-construction cable surveys will be the same as for the HVDC export cables,
as described in paragraphs 3.2.182 to 3.2.184.

Safety Zones and Advisory Safety Zones
3.2.215 Safety zones are permitted exclusion zones of up to 500 m (the maximum
permissible under international law). The safety zone scheme in relation to offshore
renewable energy installations (OREI) is set out in the Energy Act 2004 and the
Electricity (Offshore Generating Stations) (Safety Zones) (Application Procedures and
Control of Access) Regulations 2007 as described in Chapter 2 (Policy and
Legislative Context).
3.2.216 The purpose of a safety zone is to ensure the safety of other sea users by
communicating a safe distance between other users and the wind farm construction,
operation and maintenance activities.
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3.2.217 Whilst 500 m is the maximum permissible size for a safety zone, it is the view of
SMart Wind that during the construction phase, the safety of other users may be
better served through an additional advisory safety zone (see paragraphs 3.2.223 to
3.2.224) communicated by Notice to Mariners in which it would be recommended
other sea users do not enter. If entry is unavoidable, then navigation with extreme
caution would be advised.
3.2.218 Information about safety zones and the advisory safety zones will be communicated
via regular Notices to Mariners and Kingfisher bulletins. A separate Safety Zone
Statement is provided in the Safety Zone Statement (Document Reference 11.1).
3.2.219 During construction and decommissioning wind farm boundary extremities are
generally marked with standard cardinal marks, and in areas of high traffic density,
guard vessels may also be employed. The requirement for such measures is set out
in the International Association of Lighthouse Authorities (IALA) Recommendation O139 on ‘The Marking of Offshore Wind Farms’ (IALA, 2004). Jack-up barges and
heavy lift vehicles whilst ‘engaged’ in construction work will be lit in line with the
requirement of IALA Recommendation O-139 (IALA, 2004).

Construction/decommissioning advisory safety zones
3.2.223 During the construction phase, the Developer may recommend an advisory safety
zone is adhered to by other sea users. The advisory safety zone would likely be
geographically defined as ‘the Project Two development area with an additional one
kilometre buffer’. Other sea users will be advised to avoid the area, or if they must
enter, to use extreme caution when navigating.
3.2.224 The Developer may also recommend a roaming 1 km advisory safety zone around
construction operations along the cable route.
Operational phase advisory safety zones
3.2.225 No operational phase advisory safety zones are likely to be recommended.

Construction/decommissioning phase safety zones
3.2.220 The Developer may apply for a 500 m safety zone around each of the wind turbines,
offshore accommodation platforms, offshore collector stations, offshore HVDC
converter stations and offshore HVAC reactive compensation substations whilst each
is under construction. Safety zones of 50 m may 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 the wind farm has not yet been
commissioned.
Maintenance phase safety zones
3.2.221 The Developer may apply for 500 m safety zones to be implemented where major
maintenance activity is taking place, for example blade replacement or gearbox repair
to ensure safety to wind farm personnel and other sea users.
Operational phase safety zones
3.2.222 The Developer will not apply for 50 m safety zones around WTGs during operation.
However, it may apply for a 500 m safety zone around each of the offshore
accommodation platforms, offshore HVAC collector substations, offshore HVDC
converter substations and offshore HVAC reactive compensation substations during
the operational phase of Project Two in order to ensure the safety of the individuals
on the platforms, protect against electrical hazards and the danger of spillage in
addition to ensuring the safety of operation and maintenance vessels and other
vessels navigating in the area.
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3.3

Onshore Infrastructure

3.3.1

Project Two will connect to the National Grid substation at North Killingholme. The
onshore electrical transmission infrastructure comprises a number of key elements:

3.3.2



Cable landfall at Horseshoe Point, near the village of North Coates, within the
district of East Lindsey, Lincolnshire;



HVDC option will include an onshore HVDC cable route (up to four cable
trenches and associated cables for approximately 40 km) and an onshore
HVDC converter substation located at North Killingholme, North Lincolnshire; or



HVAC option will include an onshore HVAC cable route (up to eight cable
trenches and associated cables for approximately 40 km) and an onshore
HVAC substation located at North Killingholme, North Lincolnshire; and



Both the HVAC and HVDC options will include interconnecting HVAC cables
from the onshore HVDC converter substation/onshore HVAC substation to the
existing National Grid substation at North Killingholme, North Lincolnshire.

help to spread the ground pressure - the exact machinery to be used will
depend on the contractor appointed; however based on a typical vehicle (CAT
330 CL (40T) long reach excavator) there would be a ground pressure of
approximately 60kPa. Temporary track-way (such as aluminium) or suitable
alternative, may be used to reduce vehicle ground pressure. It is expected that
vehicle movements on the access tracks during works to install cables across
the sea defence will not exceed 15 movements per day. There would be a
mixture of vehicles from excavators, bulldozers and possibly some quad bikes
for man access. The specific measures will be designed by the contractor prior
to construction. There will be up to two access points into the intertidal, one
directly from the main compound area into the Project Two cable route
convergence zone and a second to the south, through a pre-existing gap in the
dunes and along the beach. The detailed design of this access will be agreed
with the relevant stakeholders prior to construction.

As described above, either HVAC, HVDC, or combination export option will be
selected. Each of the key elements listed above are described in more detail below.



TJBs may be excavated within the “Temporary Compound Area” and necessary
equipment for the construction of a trenchless cable crossing set up within them
– alternatively TJBs could be excavated following completion of duct installation.



Cable ducts are installed underneath the sea defence and into the intertidal
area using either HDD (3.3.13 to 3.3.21), thrust boring (3.3.22 to 3.3.29), auger
boring, or pile ramming. These techniques were identified to ensure that the
installation works do not result in a significant impact on the sea defence. The
drilling, boring, or ramming could take a number of months to make each ‘hole’
between the “Temporary Compound Area” and the intertidal area but this work
would be completed from the “Temporary Compound Area”. Once each hole
has been created, access to the intertidal area would then be required for
roughly two weeks to transport the ducts to the hole and pull them into it from
the intertidal area back to the “Temporary Compound Area”.



A barge is then used to install the cables in the ducts and through the remainder
of the intertidal area using jetting, trenching, or ploughing, as described in
3.3.10 to 3.3.62, and out a certain distance to sea. The barge and other
equipment required for this work will need access to the intertidal area for
roughly two weeks to complete this work for each cable.

Cable Landfall
3.3.3

As presented in Figure 3.17, the export cable corridor will converge to a landfall at
Horseshoe Point. All HVDC or HVAC export cables will likely be installed at the
landfall in the same way.

3.3.4

Cable landfall works will involve installing the export cables from the Transition Joint
Bays (TJBs) in the “Temporary Compound Area”, under the sea defences, and
through the intertidal area to sea. All cables will be installed in the intertidal area
within the area identified as “Cable Route Option Area (Intertidal) – Project Two”, in
Figure 3.17

3.3.5

The typical order of works at the landfall area is as follows:




A “Temporary Compound Area” is instated, on the landward (dry) side of the
sea defence at the location in which the TJBs will be constructed, and is
securely fenced off.
A temporary bridge and/or culvert will be used to cross the drainage ditch
behind the sea defence and an access track will be instated across the sea
defence into the intertidal area. The access on the landward side of the sea
defence may require the use of temporary earth ramps to achieve a suitable
angle for tracked construction vehicles. This would be up to 5 m in width; the
access track on the seaward side of the sea defence will be up to 3 m in width
where the track passes through protected dune habitat. The sea defence and
dune habitat will be protected from vehicle movement using suitable mitigation
measures to reduce vehicle ground pressure. The use of tracked vehicles will

3.3.6

The barge will most likely be positioned and manoeuvred using up to nine anchors
and, whilst it is working in the intertidal area, be aground at low tide. The barge will be
flat bottomed and up to 150 m long and 50 m wide. The barge will likely have aboard
the equipment necessary to lay and bury the cables from where they emerge from
the ducts out to around 20 km from the landfall offshore, though it is possible that the
barge could install the cables all the way out to the HVDC converter substation or
HVAC reactive compensation substation.

3.3.7

The areas where the barge could lay anchors or purposefully ground itself are
identified as the “Temporary Working Area including placement of anchors” and the
“Cable Route Option Area (Intertidal) – Project Two,” as shown in Figure 3.17.
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3.3.8

In the intertidal area the cables will be installed in a corridor that is up to 320 m wide
within the “Cable Route Option Area (Intertidal) – Project Two”, allowing for the up to
eight offshore export cables to be spaced up to 40 m apart. Where this area is less
than 320 m wide, the width of the corridor that the cables will be installed in will be
the width of the area. During cable installation, no sediment will be removed from the
intertidal area but will be displaced to one side temporarily during cable trench and
exit pit excavation works.

3.3.9

It is not expected that any ground preparation work will be necessary before cable
laying is carried out at the landfall. However, if large boulders or other obstructions
are found, they will need to be removed. No cable protection measures are proposed
to be used in the intertidal area.
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Figure 3.17

Project Two indicative location of export cable landfall at Horseshoe Point, Lincolnshire.
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Methods for crossing the sea defences
3.3.10

Either HDD, thrust boring, auger boring, or pipe ramming will be used for installing
cable ducts (trenchless techniques) between the intertidal area and the TJB.

3.3.11

Installing ducts using any of these methods could take several months per cable
circuit and, due to environmental restrictions, can only be undertaken between 1 April
and 30 September. Therefore, works up to and including the installation of the ducts
will likely take place over a two year period and works to install cables within the
ducts will follow in subsequent year(s), as shown in Figure 3.42. Should the duct
installations encounter problems, work may need to continue in a third year to finish
the works.

3.3.12

For the avoidance of doubt, the ducts under the sea defences will always be capped
to prevent sea water from passing through them at high tide and flooding the TJBs
and surrounding fields. The only exception will be when the cables are being pulled
into the ducts and the caps must be removed. However, these works will be timed to
occur at low tide and/or to be done in such a way as to preserve the integrity of the
sea defences. Once the cables are installed in each duct they will be sealed and
made watertight permanently.
Horizontal Directional Drilling (HDD)

3.3.13

3.3.14

3.3.15

The HDD technique involves drilling in an arc between two points, passing beneath
the sea defences, as shown in Figure 3.18. A small pilot hole is first drilled along a
predetermined path. Then, a larger reamer is pulled through the drilled pilot hole one
or more times to increase its diameter. Once the diameter of the hole is sufficiently
large, steel or polyurethane ducts will be installed in the hole by pulling them in from
one end. These ducts could be up to 0.75 m in diameter and between 100 and 2,500
m in length.
The ducts will most likely be pulled into the HDD holes from the intertidal area, under
the ground and into the TJB on the landward side of the sea defence. These ducts
may either be transported to the intertidal area using an approved access from the
land or by a barge or landing craft.

3.3.16

Prior to cable installation, an ‘exit pit’ will be dug by a tracked excavator where the
duct emerges in the intertidal area 100 to 2,500 m from the seaward edge of the
Temporary Compound Area on the final design of the HDD. This pit may be up to 4 m
deep in the middle and approximately 30 m wide and 30 m long (to allow for sloped
pit banks). The purpose of this ‘exit pit’ is to allow the duct to be cut so the cable can
be installed up to 2 m below the seabed. Alternatively the ‘exit pit’ could be in the
form of a cofferdam with a foot print of around 3 m x 10 m and a depth of up to
around 4 m.

3.3.17

The ducts could be: 1) constructed on the landward side of the sea defences, within
the Temporary Compound Area and transported over the sea defences into the
intertidal area either via the access route as described in the bullets under paragraph
3.3.5 or by pulling them over the sea defences using rollers (approximately 10,
around 1 m tall with a base that is around 2m by 2m) that are temporarily installed on
the sea defences; or, 2) capped and floated or transported in on a barge from the
sea.

3.3.18

With the ducts and exit pit in place, the cables can be pulled from the intertidal area
and into the TJBs through the ducts by spooling them out from a barge and using
winches located in the TJBs. This operation should take 2 to 3 days per cable.

3.3.19

A non-saline water supply at the drilling site will be necessary within 100 m of the
drilling rig to facilitate the installation of the water based drilling mud (bentonite, which
acts as a lubricant during the process). If there is no suitable water supply on site this
can be provided by tanker.

3.3.20

A temporary mud lagoon will be required to capture and recycle the water-based
drilling mud during the drilling process and to ensure it does not exit the site. The plan
area of the lagoons may vary but will be a maximum of 5 m by 5 m and will be
located within the compound shown in Figure 3.17. The depth of the lagoons will
generally be 0.8 m but this may vary according to local topography. Excavations will
be plastic lined and protected with temporary fencing during construction. On
completion of the HDD works, the lagoons will be drained into a tanker and the
arisings disposed of at a suitably licensed waste management facility.

3.3.21

The possible arrangement of HDD and typical HDD rig are shown in Figure 3.18 and
Figure 3.19 respectively.

HDD works take place ahead of cable installation, so the ducts would be flooded to
ensure they do not lift/float, and capped to ensure that water could not flow through
them. The land side of the HDD ducts will be above the level of Highest Astronomical
Tide (HAT) until the cables are installed when they will be cut back and sealed. This
will prevent both flooding of the TJBs and compromising the sea defences.
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Figure 3.18

Indicative HDD arrangement.
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Figure 3.19

3.3.24

The thrust pit, located in or directly adjacent to the TJBs, will be significantly larger
than the exit pit, as it needs to house the pipe launch track and thrust machinery. The
thrust pit is expected to have a foot print of around 5 m x 25 m and a depth of up to
around 6 m and be in the field to the landward side of the sea defence drainage ditch.
The exit pit is expected to have a foot print of around 3 m x 10 m and a depth of up to
around 4 m and be in the intertidal area on the seaward side of the sea wall.

3.3.25

The thrust and exit pits will require steel sheet piling and may require internal support
frames, to keep the pits open during the operations and meet health and safety
requirements.

3.3.26

Once the steel pipes are in place any soil within them is removed and one or more
polythene ducts will be inserted into each one to house the cables. Once in place
both the polythene ducts and the steel pipe will be sealed to maintain the integrity of
the sea defences.

3.3.27

With the ducts and exit pit in place, the cables can be pulled from the intertidal area
and into the TJBs through the ducts by spooling them out from a barge and using
winches located in the TJBs. This operation should take 2 to 3 days per cable.

3.3.28

Upon completion of the installation works, the sheet piling will be removed and the
pits back filled. The thrust pit may also be used as a TJB.

3.3.29

The general arrangement of the thrust boring cofferdams, ducts, and machinery are
shown in Figure 3.20.

Typical HDD rig.

Thrust Boring
3.3.22

3.3.23

Thrust boring is a technique whereby sections of steel pipe are thrust horizontally
through the soil using a powerful hydraulic jack. Sections of pipe can be joined as
each is driven, to form a continuous length, which passes under the sea defence.
Once the pipe has been driven to the required length, the soil within the pipe is
removed to create a passage under the sea defence in which cable ducts and cables
can be installed. Up to one pipe will need to be installed for each offshore HVDC or
HVAC cable.

Figure 3.20

Typical thrust boring arrangement.

Auger Boring
3.3.30

To drive the pipes to the required depth under the sea defence, it is necessary to dig
two cofferdams approximately 100 m apart on either side of the sea defence: one to
drive the pipe sections (“thrust pit”) and one to receive the end of the pipe (“exit pit”).
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Auger boring is similar in most respects to thrust boring. However, instead of simply
being thrust through the ground, the pipes have a drill bit installed on the end and
corkscrew-like inserts put within them. The pipes are then rotated to drill them
through the ground. The general arrangement of auger boring equipment is shown in
Figure 3.21.



Jetting;



Trenching by use of a tracked excavator or similar; or



Ploughing.

3.3.36

Installing and burying the cables in the intertidal area could take up to two weeks per
cable (or per cable circuit, if more than one cable in the same electrical circuit can be
installed in the same trench or jetted down simultaneously with the same piece of
jetting equipment).

3.3.37

It is likely that at least several weeks’ gap will exist between the installation of each
cable (or cable circuit). All work in the intertidal area will be subject to seasonal
restrictions and may only be carried out between 1 April and 30 September.

3.3.38

Cable burial methodology will be determined post consent based upon a detailed
cable burial assessment with the objective of meeting a target burial depth of at least
2 m below stable seabed level. Methods would be limited to those presented below.
Jetting

Figure 3.21

3.3.31

Typical
auger
boring
equipment
http://www.nickolboring.com/specifications.html).

(Source:

Once the pipes are in place, the corkscrew-like inserts and any soil are removed from
them and duct and cable installation will proceed in the same way described in
paragraphs 3.3.26 through 3.3.29.

3.3.39

Jetting machines work by placing a 'sword' (an arm with water jetting nozzles) beside
and beneath the cable. The cable is laid on the seabed and jets of water (from the
nozzles) liquefy the sediment so that the cable can sink down to its required burial
depth.

3.3.40

If this method is used, the machines would be deployed from a suitable installation
barge which will house the pumps and power supplies necessary to operate them.

3.3.41

Jetting can only be carried out if water levels are suitable to provide water for the
pumps. Therefore, jetting work would be interrupted if used where the ground is not
submerged at low tide in the intertidal area.

3.3.42

The installation contractors will endeavour to avoid creating sediment plumes as this
is detrimental to the installation efforts. Sediment plumes result in increased
suspended sediment in the water column which is needed to cover and protect the
cable as well as reducing visibility in the water making monitoring the installation
difficult.

Pipe ramming
3.3.32

3.3.33

In most respects, pipe ramming is similar to thrust boring. However, instead of the
pipes being pushed smoothly into the ground with hydraulic jacks, they are
‘hammered’ into place with hydraulic rams similar to the hydraulic hammers used to
install offshore piled foundations.
Once the pipes are in place, any soil is removed from them and duct and cable
installation will proceed in the same way described in paragraphs 3.3.26 through
3.3.29.

Trenching
3.3.43

Trenching involves traditional excavators or specialist trenching machines to
excavate a trench in which a cable is installed and the excavated spoil is backfilled.

3.3.44

Traditional excavator equipment is tracked to keep the ground pressure to a
minimum. Access to the intertidal area will be either from the land via an approved
access approach or from the sea via an installation barge.

3.3.45

Specialist trenching machines can either be land driven vehicles which can operate in
shallow waters (see Figure 3.22) or marine deployed Remotely Operated Vehicles
(ROVs) (see Figure 3.23).

Methods for crossing the intertidal area
3.3.34

3.3.35

The intertidal area is considered to be the area between MHWS and mean low water
springs (MLWS). The cable installation methods described below will start from the
exit pit.
The methods that can be used to install cables in the intertidal area are:
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Figure 3.22

Example specialist shallow water trenching machine "Nessie III" (source:
http://christoffers.de/onshore/pages/seiten.php?Seite=die-nessies)

Figure 3.23

3.3.46

Example of a trenching ROV “Fugro Q1400 trenching system” (Source:
http://www.fugrotsm.com/trenching.html)

Trenching with traditional excavators may temporarily affect up to 20 m of seabed
from the centre point of each of the trenches (10 m for specialised machines) through
direct contact with the trenching equipment, laying down of the cable prior to burial, or
as a result of spoil displaced from each trench before it is backfilled. Additionally, if a
barge is used, the area could be greater when the barge is resting on the ground at
low tide as described in paragraph 3.3.6. However, all works will take place within the
cable route corridor and temporary working areas as shown in Figure 3.17.
Ploughing

3.3.47

A ploughing machine simultaneously opens a trench, inserts a cable or cables, and
backfills the trench.

3.3.48

The plough can be lowered or raised to vary the burial depth and could have tracks or
skids which are used to steer it. It would likely be deployed and pulled from the cable
installation vessel (see Figure 3.24).
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Transition Joint Bay (TJB)

Figure 3.24

3.3.49

3.3.50

3.3.54

A TJB for each cable or cable circuit (up to eight) will be located on the landward side
of the sea defences within the Temporary Compound Area (see Figure 3.17)
whereupon the offshore cables will be joined to onshore cables.

3.3.55

The total area in which the eight TJBs may be contained will not exceed 100 m by
150 m within the Temporary Compound Area and none of the eight TJBs within that
area will individually exceed 25 m by 10 m.

3.3.56

The TJBs will be excavated by a mechanical excavator and will be concrete lined to
ensure mechanical strength and to enable an enclosure to be positioned to allow a
clean, secure and weather-proof working environment during cable jointing. A
generator will be required to provide power supplies during jointing operations.
Continuous pumping may also be required if the TJB is below the water table.

3.3.57

On completion of the TJBs, the excavation will be reinstated to the original ground
level with excess material removed from site.

3.3.58

‘Link boxes’ (see paragraphs 3.3.135 to 3.3.139) are required adjacent to each of the
TJBs. They will likely be located away from the TJBs but within the onshore cable
route corridor. They must remain accessible throughout the life of the project and will
therefore have manhole covers.

Example
cable
installation
plough
(Source:
http://www.4coffshore.com/windfarms/about/equipmentTypes.aspx)

Ploughing may temporarily affect up to 5 m of seabed from the centre point of each of
the 8 trenches through direct contact with the plough or other equipment, laydown of
the cable prior to burial, or displaced spoil from each trench before it is backfilled.
The plough will be pulled using two 10 tonne dead men anchors and a 20 tonne
winch placed on the seaward side of the sea defence. The dead men anchors will be
buried to secure sufficient back hold of the winch when the plough is pulled.

Temporary Compound Area
3.3.59

A temporary compound area on the landward side of the sea defence will contain all
necessary plant and equipment required for the landfall construction works. The
dimensions of this area could be up to 200 m x 150 m and will require an access road
to allow deliveries to it.

3.3.60

The compound will be large enough to contain items such as parking, equipment and
consumables storage, a mud lagoon for HDD, site offices, and welfare facilities, see
Figure 3.17. Site lighting will only operate when required and will be directional to
avoid unnecessary illumination.

3.3.61

This compound may be paved with on average 0.3 m of permeable gravel aggregate
underlain by geo-textile, or other suitable material.

Where drainage channels exist
3.3.51
3.3.52

3.3.53

Where drainage channels exist, the cables will be buried below the lowest likely
depth of the channel.
Based on the findings of the Landfall Assessment (Annex 5.1.7: Landfall
Assessment) it has been recommended that export cables are buried at least 2 m
below minimum recorded seabed levels to allow for seasonal variations in levels,
migration of drainage channels and beach draw down during storms.

Summary of parameters
3.3.62

No methodologies other than those described above would be employed to cross any
drainage channels.
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Table 3.27 summarises the landfall’s design parameters.

Table 3.27

Landfall design parameters.

Element
Crossing Intertidal Area

Onshore cable route

Minimum

2.0

Maximum of two for
8 HVDC
One trench per circuit for
8 HVAC or two for HVDC
Subject to burial and risk
assessments, depth
given is below minimum
3.0 recorded seabed levels

1.0

20m either side of centre
320.0 line of each trench

Number of Cable Circuits

1

Number of Cable Trenches

1

Burial Depth (m)

Width of seabed affected (m)
Crossing Sea Defences
Number of Cable Ducts
Diameter of ducts (m)
Length of ducts (m)

Target burial depth of cables (m)
Transition Joint Bay (TJB)

Maximum Comments

1
100

2.0

Number of TJBs
Area per Pit (m2)
2
Total Area for all Pits (m )

1
-

Depth (m)

-

Height (m)

-

3.3.63

The location and installation of the export cables onshore will be broadly similar for
HVAC and HVDC transmission options.

3.3.64

The onshore cable route corridor runs from the landfall at Horseshoe Point to the
proposed onshore substation at North Killingholme. An indicative plan of the onshore
cable route is shown in Figure 3.4.

3.3.65

A representation of the onshore cable route corridor and associated crossing
schedule at a larger scale is provided in Annex 4.3.4: Crossing Schedule (Onshore).

3.3.66

Prior to the installation of the onshore cable route, various preconstruction activities
will be carried out, including surveys, environmental mitigation, erecting fences, and
instating compounds.

3.3.67

The onshore cable route permanent works will consist of:

One duct per circuit for
8 HVAC or two for HVDC
0.75
2,500 Dependent on method
Below long term, stable
seabed level, dependent
30.0 on method
One TJB per circuit for
8 HVAC or two for HVDC
250.0 Based on 25 x 10m
2,000.0
Below ground level,
maximum defined by
6.0 thrust bore requirements
Expected to be level with
- the surrounding ground

3.3.68
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Up to eight cable circuits for HVAC or two for HVDC;



Each HVAC circuit may be installed in a single trench (up to eight trenches total)
including associated fibre optic cables and their associated ducts or several
circuits may be installed in the same trench;



Each HVDC circuit may be installed in up to two trenches (up to four trenches
total) including associated fibre optic cables and their associated ducts, or
several circuits may be installed in the same trench;



Various crossings, located where necessary to pass various obstructions;



Jointing pits, which will be located every 750 m to 2500 m along each cable
circuit; and



Link boxes and associated manhole covers, which will be connected to some of
the jointing pits but located away from them but within the onshore cable route
corridor.

During construction, the following temporary works may be required:


One ‘haul road’ and one ‘access track’, running the length of the cable route;



Top soil and sub soil mounds for storage of these materials during construction,
running the length of the cable route;



Construction compounds described in detail in Annex 4.3.4: Crossing Schedule
(Onshore); and



Trenchless crossing compounds are also located along the route where a
trenchless crossing is required away from a main compound area. These are
described in detail in Annex 4.3.4: Crossing Schedule (Onshore).

3.3.69

The width of the permanent works will be up to 20 m, within which the cable trenches
will be located in an arrangement to be confirmed. The permanent works width can
increase to up to 30 m where a physical obstacle is encountered. During installation
the width of the corridor will expand temporarily to 40 m to accommodate access and
haul roads for construction vehicles and storage areas for excavated soil (Figure
3.29).

3.3.70

Once the onshore cable route corridor is fully installed, the temporary works will be
removed and the land reinstated to as good a condition as before work commenced,
so far as reasonably practicable. When the cable route crosses agricultural land, it is
expected that agricultural activity may resume above the buried cables.

3.3.77

For HVDC these trenches will be roughly 2 m deep, 1 m wide at the bottom and 1.5
m wide at the top (ground level). For HVAC, the trenches may be of a similar size to
the HVDC trenches. Alternatively, they could also be either 1m wide at the top and
bottom or up to 6 m wide at the bottom and 7 m wide at the top and contain up to four
cable circuits each. Where a physical obstruction is encountered, the trenches may
be deeper than 2 m in order to avoid the obstruction locally. These dimensions allow
for the trench walls to be tapered as necessary for stability. Trenches will most likely
be excavated by standard mechanical excavators. Trenches will be shored up with
wall supports where necessary for stability.

3.3.78

It is expected that all of the cable trenches in a portion of the route will be excavated
concurrently. Once all of the trenches are excavated, either the cables, ducts or a
combination of the two for all of the cable circuits will be directly buried in them. If
ducts are buried in any of the trenches, cables will be pulled into the ducts later in the
construction programme without having to reopen the trenches (i.e., only access to
and work within the jointing pits will be required). The method of ducting is used to
optimise the installation programme and to facilitate a multi-phased installation by
decoupling trench excavation operations from cable supply.

3.3.79

The ducts or cables will be installed on a bed of stabilised backfill material of an
approximate depth of 100 mm and further covered with approximately 150 mm of
stabilised backfill material to ensure a consistent homogeneous medium for the
dissipation of heat generated by the cables. A maximum of 650 mm of stabilised
backfill has been assumed. The stabilised back-fill may be covered with cable tiles
and the trench backfilled with the material excavated from the trench. Marker tiles
may be around 6mm to 24 mm thick and made of plastic, either polyvinyl chloride
(PVC) or high impact polyurethane, or concrete. A warning marker tape may be
placed about 100 mm above the cable tiles. This arrangement is shown in Figure
3.25.

3.3.80

Cables and joints will be fully screened and insulated in accordance with Electricity
Safety, Quality and Continuity Regulations 2002.

3.3.81

One or more fibre optic cables to transmit data to and from the offshore wind farm
may also be installed with each cable circuit.

Preconstruction activities
3.3.71

3.3.72

Prior to commencement of installation, the following activities will be undertaken:


Topographical surveys;



UXO investigation and clearance as necessary;



Utilities and private suppliers surveys;



Ecological surveys and works (See Volume 3, Chapter 3: Ecology and Nature
Conservation);



Geotechnical investigations (including testing thermal and electrical resistivity);



Archaeological mitigation (See Volume 3, Chapter 6: Historical Environment);



Drainage surveys and works where necessary; and



Preparation of side accesses.

The first activity when contractors arrive on site will be to prepare the working areas.
This will include erecting temporary fences, stripping the top soil and subsoil and
storing separately and also ensuring that the soil types are not mixed or compacted
by vehicle movements (see Figure 3.29), installing necessary drainage (see 3.3.109)
and construction side accesses.

3.3.73

Above ground marker posts may be placed to mark out the work site and to show the
location of obstructions or third party infrastructure.

3.3.74

The removal of any sections of hedge will be done outside of the bird breeding
season.
Cables and cable trenches

3.3.75

Table 3.28 and Table 3.29 summarise the dimensions of the onshore HVDC and
HVAC options respectively.

3.3.76

The onshore cables will be buried within a maximum of eight back-filled open cut
trenches, as shown in Figure 3.28. However, alternatively, all of the HVAC cables
could be installed within two large trenches, as shown in Figure 3.29.
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Table 3.28

Onshore HVDC cable dimensions.
Element

Minimum

Number of Cable Circuits

1

Number of Cable Trenches
Width of trenches at base (m)
Width of trenches at top (ground
level) (m)
Length of cable route (km)
Type of cable
Cable diameter (mm)
Conductor cross-section (mm2)
Cable weight (kg/m)
Voltage (kV)

1
-

Temporary strip width (m)
Land area temporarily affected
(m2)

Permanent strip width (m)
Land area permanently affected
2
(m )

Burial depth (m)

Table 3.29

Maximum Comments
Max assumes 900MW
2 per circuit
Two single core cables
per circuit, one or two
4 cables per trench
1 Approximate

Onshore HVAC cable dimensions.

Element
Number of Cable Circuits

Number of Cable Trenches
Width of trenches at base (m)
Width of trenches at top (ground
level) (m)
Length of cable route (km)
Cable diameter (mm)
Conductor cross-section (mm2)
Cable weight (kg/m)
Type of cable
Voltage (kV)

1.5 Approximate
40 Approximate
XLPE or MIND insulation, Al or Cu conductors
180
3,000
65
+/- 600
During construction,
40 contains permanent strip
Based on 40m wide
- 1,600,000 temporary strip
Up to 30m where
physical obstructions
20 exist or at crossings
Based on 20m wide
800,000 permanent strip
Target 1.5m to top of
cables, up to 30m at
0.7
2.0 crossings

Temporary strip width (m)
Land area temporarily affected
(m2)

Permanent strip width (m)
Land area permanently affected
(m2)

Burial depth (m)
3.3.82

When the trenches are excavated, the top soil and sub soil will be segregated and
stored alongside the trench from which it is removed, see Figure 3.29. This will be
backfilled separately. In areas where a risk of flooding exists, measures will be taken
to ensure that the stored soil doesn’t hinder the flow or drainage of water.

Minimum

Maximum Comments
Max assumes 225MW
2
8 per circuit
Three single core cables
per circuit, three cables
2
8 per trench
Max if two trenches with
6.0 4 circuits in each
Max if two trenches with
7.0 4 circuits in each
40
90
180
2,500
45
XLPE or MIND insulation, Al or Cu conductors
132
400
During construction,
40 contains permanent strip
Based on 40m wide
- 1,600,000 temporary strip
Up to 30m where
physical obstructions
20 exist or at crossings
Based on 20m wide
800,000 permanent strip
Target 1.5m to top of
cables, up to 30m at
0.7
2.0 crossings

3.3.83

In order to prevent damaging the cables when pulling them into the trenches or ducts,
the cable will be pulled along rollers whenever possible. These rollers will then be
removed once the cable is in place.

3.3.84

Parts of the cable corridor will require the felling of individual trees where the route
cannot be altered to avoid them, as discussed with the local planning authority (this is
discussed in Volume 3, Chapter 3: Ecology and Nature Conservation).

3.3.85

The area occupied by the onshore cable corridor is predominantly used for
agricultural purposes. Once the cables have been installed the land will be reinstated.
However, no building, structure or trees can be placed on the easement strip i.e., the
land directly above the installed cables within the permanent strip.
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Figure 3.25

Indicative onshore cable trench design (HVAC, left, and HVDC, right).

Figure 3.26

Indicative alternative onshore cable trench design for HVAC.
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Figure 3.27

Indicative cable construction corridor (HVDC).

Figure 3.28

Indicative cable construction corridor (HVAC).
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Figure 3.29

Indicative cable construction corridor (HVAC, alternative design).
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Cable and material deliveries
3.3.86

The onshore cables will be delivered to site on steel drums, by road, either from the
manufacturer’s works or the port of entry. Cable drums will be delivered to compound
areas on low loader HGVs with a typical load shown in Figure 3.30.

3.3.87

Other materials will be delivered or removed from the site using Heavy Goods
Vehicles (HGVs), dumper, or other appropriate vehicles. Details of traffic movements
can be found in Volume 3, Chapter 8: Traffic and Transport.

3.3.90

The compounds and side accesses may remain in place for the duration of onshore
cable construction, five years. However, they will only remain in place whilst they are
still required for further construction works. After construction has been completed on
a length of the onshore cable route corridor, the associated cable construction
compounds and side accesses will be promptly dismantled and the land reinstated.

3.3.91

Further details of these compound areas can be found in Annex 4.3.4: Crossing
Schedule (Onshore).

3.3.92

The working area will only be accessed from a limited number of side access tracks
along the 40 km cable route which are identified in Annex 4.3.4: Crossing Schedule
(Onshore). These routes are discussed further in the in the Traffic and Transport
assessment (see Volume 3, Chapter 8: Traffic and Transport).
Crossings

3.3.93

Crossings are any locations where the onshore cable route crosses a road, track,
public right of way, railway, pipe, other cable, other infrastructure, or obstruction.
Wherever a crossing is required, the crossing method will be selected which
minimises the impact on the feature being crossed as much as is reasonably
practicable. The various crossing methods are described below and a full schedule of
each crossing point along the cable route and the crossing methods proposed for
them is available as Annex 4.3.4: Crossing Schedule (Onshore).
Open Cut

Figure 3.30

3.3.94

The open cut method is proposed primarily for the crossing of utilities (water,
electricity, and telecommunications), ditches, small roads, tracks and hedgerows
where no modifications are required to the standard cable trenching and installation
methodology.

3.3.95

The method utilises the same trenching design as used throughout the onshore cable
route corridor: trenches are excavated to a depth of up to 2 m and cables are
installed in ducting an appropriate target depth depending on the obstruction being
crossed.

3.3.96

There are slight differences in the crossing methodologies for different infrastructure.
These are described below.

Typical low loader lorry with cable drum.

Cable construction compounds and side access
3.3.88

The cable installation contractor will establish several temporary main compounds for
the location of offices, mess rooms, toilets, stores and a laydown area at appropriate
locations adjacent to the onshore cable route corridor and various smaller temporary
compounds associated with HDD crossings. Site lighting will only operate when
required and will be directional to avoid unnecessary illumination.

3.3.89

The compounds will be securely fenced and may be covered with an average of 0.3
m of permeable gravel aggregate underlain by geotextile or other suitable material,
depending on ground conditions.
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Utility (gas, electricity and water)
3.3.97

The utility will be exposed through excavation. Manual excavation techniques will be
used for the area within 1 m of the utility asset and mechanical excavation techniques
will be used for the area beyond this 1 m proximity. The ducts will be installed to a
suitable depth below the utility asset. Crossings of such assets will be as close to 90
degrees as practicable. The exposed utilities may need to be supported to prevent
damage to the asset. Examples showing how an exposed utility can be supported
and how the cables can be installed under the exposed utilities are shown in Figure
3.31.

Roads
3.3.100 Roads may be crossed with ducts encased in suitable protective backfill material
(such as concrete, as shown in Figure 3.32) and installed in open cut trenches at a
depth of at least 0.7 m under the road surface. One carriageway of the road can
remain open during installation, with localised traffic management via signal controls.
Where road widths are too small (i.e. less than 7.2 m kerb to kerb) to permit shuttle
working, alternative methods such as temporary closure and diversion would be
required. Where temporary diversions and closures are required, night working may
be necessary to ensure the road is re-opened promptly. This will be agreed in the
Code of Construction Practice prior to construction. The carriageway will then be
reinstated in accordance with the local highways authority guidelines. For further
information on this crossing type see Volume 3, Chapter 8: Traffic and Transport.
3.3.101 To cross large roads, HDD, thrust or auger boring, or pipe ramming may be used.
3.3.102 An example of single carriageway working with access routes is shown in Figure 3.33
below.

Figure 3.31

Cable installation under exposed utilities and support of exposed utilities
within the trench, if required.

Tracks and Public Rights of Way (PRoW)
3.3.98

3.3.99

In the case of small tracks or roads, some minor traffic management schemes may
be required, such as temporary track closures or diversions. Alternatively, temporary
trench crossings can be installed on small tracks to enable pedestrian access to
continue if required. When crossing PRoW, diversions will be implemented where
practicable. Where a diversion is not deemed feasible, the use of appropriate
temporary traffic management measures, such as access plates, would be put in
place to maintain public access. These will be designed to ensure they are suitable
for horses, cars and pedestrians and also adhere to health and safety regulations.
Please see Volume 3, Chapter 7: Land Use, Agriculture and Recreation for further
information on PRoW.

Figure 3.32

Following the installation of the cables using the open cut trenching method, the small
road, PRoW, or track will be fully reinstated. If a phased programme of works is
undertaken over a five year period, PRoW will be reinstated as soon as it is safe to
do so after works have been completed.
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Cross-Section of ducts encased in concrete for crossing minor roads.

3.3.106 The final design of this type of crossing will be approved by the internal drainage
board, Lead Local Flood Authority, and Environment Agency, where appropriate,
prior to construction as a requirement of the DCO.
Larger drains
3.3.107 For larger drain crossings, a section of the drain will be dammed using sand bags,
straw bales and ditching clay, or an alternative form of barrier. Water will be either
pumped, piped or diverted between the dammed sections to maintain drainage flows
where necessary. An appropriately sized culvert and necessary support and
reinforcement will be installed into the drain. Ducts will be permanently installed
across the top and the remainder of the drain will be backfilled. The drain will then be
reinstated and flows re-established.
3.3.108 The final design of this type of crossing will be approved by the internal drainage
board, Lead Local Flood Authority, and Environment Agency, where appropriate,
prior to construction as a requirement of the DCO.
Figure 3.33

Temporary culvert/bridge crossings

Traffic management system and access routes.

Hedgerows
3.3.103 The local planning authorities have been consulted on hedges to be removed along
the route. Where hedgerows and trees occur within the working area, they will be
removed outside of the bird nesting season. The cables will be installed under the
line of the removed hedge at target depth of approximately 1.2 m. The width of hedge
removed will be limited where possible and will at most be 20 m. Re-planting will be
achieved through the use of shallow rooted species which will not affect the cables’
operation following reinstatement of the trench. Further details on hedgerow removal
can be found in Volume 3, Chapter 3: Ecology and Nature Conservation and Outline
Ecological Management Plan.
Small drains
3.3.104 At the cable crossing point, ditches will be dammed using sand bags, straw bales and
ditching clay, or alternative form of barrier. Water will be pumped/piped between the
dammed sections or diverted to maintain drainage if required. The cable trenches will
be excavated through the ditches. When installation and reinstatement is complete
the pipes and sand bags will be removed. The cables will be installed to provide a
minimum of 2 m clearance between the hard bed level and the uppermost part of the
protective duct to allow for any future maintenance requirements of the drain (e.g.,
dredging).

3.3.109 At crossing points where the cable is being installed using an ‘open cut’ or ‘culvert’
methodology, access along the ‘haul road’ and ‘access track’ (see paragraphs
3.3.125 and 3.3.129) may still be required, especially along stretches of the cable
route where there are limited side access roads for Heavy Goods Vehicles (HGVs).
At these locations up to two 3 m wide temporary bridge structures or appropriately
sized culvert crossings will be installed as shown in Figure 3.34. The likely crossing
points are identified in the crossing schedule (Annex 4.3.4: Crossing Schedule
(Onshore)).
3.3.110 The final design of the crossings will be approved by the internal drainage board,
Lead Local Flood Authority, and Environment Agency, where appropriate, prior to
construction as a requirement of the DCO. The crossings could potentially be in place
for up to five years which means they are treated as permanent structures in relation
to flood risk. In the case of a multi phased construction programme and where
practicable, culverts will be removed when the first phase of construction is complete.
However, where future access is required in subsequent phases, culvert/bridge
crossings may remain in place for the full five year duration.

3.3.105 It is estimated that the ducting operations within the vicinity of the drain crossing, and
hence the water management period, is likely to be in the order of two weeks.
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Field drainage
3.3.117 Measures will be taken prior to construction to ensure that the existing land drainage
systems, located within the agricultural land along the cable route, are not
compromised as a result of cable installation during the construction phase. Prior to
construction and during the detailed design phase of the project, the drainage in each
field will be surveyed, identified and recorded and an appropriate drainage design will
be developed taking into account soil type and topography. This will be agreed with
the land owner. Where necessary, pre-construction drains may be installed, typically
parallel to the cable route within the working area to ensure the existing drainage
network will continue to function, as well as carry water away from the cable trench.
Cable pulling operations
3.3.118 As described in paragraphs 3.3.76 to 3.3.85 cable ducts may be laid prior to the
installation of the cables, therefore cable pulling operations are required after
backfilling and re-instatement to install the cables within the ducts from the joint bay
locations. This method of installation allows civil works to be completed in advance of
cable delivery, if necessary.

Figure 3.34

A temporary culvert crossing.

3.3.119 Cable drums will be delivered by HGV to temporary compounds along the route
whereby they can be temporarily stored if required. Compounds are identified in
Annex 4.3.4: Crossing Schedule (Onshore). From there, the cables can be
transported to jointing bays for pulling which will take place within the working area.

3.3.112 HDD may be used to cross major roads, large watercourses or drainage ditches,
railways, and other large infrastructure.

3.3.120 Immediately adjacent to each jointing bay, a drum holding the length of cable to be
installed will be offloaded onto a temporary hard standing, located within the working
area. The cables will be pulled into their respective ducts through a joint bay at one
end of a length of duct to the joint bay at the other end using a winch. Cable jointing
can proceed at each jointing pit once both lengths of cable that terminate in it have
been installed in their respective ducts.

3.3.113 The depth of each individual HDD will be determined by preliminary geotechnical
surveys at each site prior to construction and will vary depending on the type of
crossing e.g. watercourse or railway line and the local geology.

3.3.121 The cable pulling process will take approximately two weeks for each 750 m to
2,500 m of cable length, including installing and removing any temporary hard
standing within the working width and delivering the cable to the joint bay.

HDD
3.3.111 For descriptions of HDD see Sections 3.3.13 to 3.3.20.

3.3.114 For descriptions of these techniques see Sections 3.3.22 to 3.3.33.

3.3.122 The time delay between the cable duct installation and cable pulling operations could
be months or years. Further information about the installation programme can be
found in Section 3.5.

3.3.115 These techniques may be used to cross major roads, large watercourses or drainage
ditches, railways, and other large infrastructure. The pipes must be installed in a
straight line, so are best used when the obstruction being crossed is elevated or at
least isn’t far below the ground level on either side along the cable route.

3.3.123 In certain locations along the route, some of the haul road and working area fencing
may need to remain in place between the duct installation and pulling operations (i.e.,
would not be reinstated immediately after trenching) as the haul road may be used to
access the jointing bays.

Thrust Boring, Auger Boring, and Pipe Ramming

3.3.116 The depth of the thrust and exit pits will vary depending on the depth/elevation of the
obstruction being crossed.
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Jointing pits
3.3.124 When onshore cables are delivered to site they will come in up to 2,500 m lengths,
depending on the weight of the cable per metre and the carrying capacity of the
HGVs used to deliver them. All cable lengths need to be joined to the next cable
length and this requires the ends of each cable to be left exposed when the cables
are first laid. Each individual cable circuit requires a separate straight joint which will
be accommodated in a single jointing pit. An all-terrain tractor/drum carrier will move
the cable from the marshalling compound to the pulling site.

Table 3.30

Jointing pit dimensions.

Element
Number of cable circuits
Width (m)
Length (m)
Depth (m)

Minimum
1
2.6
10.0
-

Location

Nominal distance between cable
joints (m)

3.3.125 The location of cable jointing pits will be determined by the lengths of the cable being
used and the land use along the cable route but are expected to be at intervals of
approximately 750 m to 2,500 m.
3.3.126 The cable jointing pits for the different cable circuits (up to eight) will be grouped
together, but staggered as necessary so they fit within the permanent cable corridor.
3.3.127 Jointing pits will be located as close as possible to existing roadways avoiding, where
practicable, locations in the middle of agricultural land. However, the location of
jointing bays will not be determined until detailed design of the cable has been
undertaken and it may not be possible to place all joint bays at points of direct access
(e.g., adjacent to side access routes or roads). Therefore, in certain locations along
the route, some of the temporary haul road and working area fencing may need to
remain in place between the duct installation and pulling operations (i.e., would not
be reinstated immediately after trenching). If this is a period of time longer than a year
it may be agreed with land owners to remove the haul road after initial works have
been undertaken and temporarily reinstate the land for agricultural use. If access to
jointing bays for cable pulling is required several months or years later, a temporary
access track way or agreement to a limited number of tracked vehicle movements will
be agreed with the land owner.
Design
3.3.128 The design of the jointing pits is yet to be finalised. As a minimum, a stabilised backfill
layer or concrete slab will be laid for the joints to sit on at the bottom of the jointing
pits. Alternatively, a prefabricated rectangular concrete box, open at the top, may be
buried in the ground to contain the joints. The two ends will have an opening to allow
the ends of the cable lengths to enter and be joined together.

750.0

Estimated number of Jointing Pits
Land area affected per Jointing Pit
2
(m )
2
Total land area affected (m )
3
Spoil arising per jointing pit (m )

16
26
410
51

Total spoil arising (m3)

821

Maximum Comments
Maximum of two for
8 HVDC
6.0
25.0
2.0 Indicative
Actual distance
dependent on existing
infrastructure along the
2,500.0 cable route
Maximum number of pits
is for minimum distance
between them, each
cable circuit requires
427 independent jointing pits
150 Per jointing pit
64,000 For all jointing pits
300 Based on 2m depth
To be used as backfill
material or as recharge
128,000 of the local soil

Installation
3.3.131 Cable jointing pits will likely be excavated by a mechanical excavator.
3.3.132 Cable jointing requires clean and controlled conditions and is generally undertaken
within an enclosure temporarily installed within the jointing pit. The interior of this
enclosure may need to be temperature controlled. Work may need to proceed at
night within the enclosure. During cable jointing a small generator may be required on
site to provide power for the jointing operations and pumping of any groundwater.
3.3.133 Once cable jointing is completed, the cable joint will most likely be covered with a
layer of stabilised backfill or a weak concrete to protect it and the remainder of the
jointing pit backfilled with soil.

3.3.129 The land above the jointing pits will be reinstated for agricultural use where
appropriate. The permanent concrete structures in the bottom of the jointing pits are
expected to be roughly 0.3 m tall, and will be buried at least 1.2 m in the ground once
the land is reinstated.
3.3.130 Table 3.30 presents the indicative design elements of the cable jointing pits.
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3.3.134 If construction is undertaken in multiple phases (see paragraphs 3.5.29 to 3.5.38), the
construction of all of the jointing pits may be completed during the construction of the
first phase. At the end of the installation of the first phase, all of the jointing pits would
be backfilled. The jointing pits required for the remaining phases would be excavated
again during the installation of the relevant phase to allow cable pulling (see
paragraphs 3.3.118 to 3.3.123) and cable jointing. Once cable jointing operations are
completed, each jointing pit will be backfilled.
Link boxes
3.3.135 Link boxes contain cross connections between the cable shielding, arrangements for
earthing, fibre optic joints, and fibre optic signal boosting equipment.
Location
3.3.136 Up to one link box may be required at each jointing pit. The exact locations and
designs of these will be determined during the detailed design and preconstruction
phase of the project, but will be on field margins and in accessible areas wherever
possible.
Design
3.3.137 The link boxes may be approximately 1.5 m x 1.5 m at ground level and up to 2 m
deep. They will be covered with secure manholes to protect them, but provide access
to technicians for inspection and testing. Such inspections will be required
periodically throughout the project’s operation life.

3.3.143 All off road construction vehicle movements will be kept to a minimum to avoid long
term damage to the subsoil. Tracked/belted excavators and tractors will be required
to work on the subsoil to undertake work e.g. to excavate cable trenches, install cable
ducts and reinstate the land. Additionally where necessary, specialised tyres will be
used to minimise the pressure of any vehicles moving on the subsoil. If ground
conditions are susceptible to rutting and compaction initial vehicle access will be
monitored and appropriate protection will be applied in the form of stone, geotextile
matting, and/or a temporary metal roadway if irreparable damage is likely.
3.3.144 At drain crossings and smaller controlled watercourses the access road will be
installed over a preinstalled culvert pipe of suitable size to accommodate the water
volumes and flows necessary, see paragraphs 3.3.109 and 3.3.110.
3.3.145 Where the haul road and/or access track cross existing underground services
temporary metal roadway sections, or similar, may be used to distribute heavy loads
and protect the underlying services.
Reinstatement
3.3.146 Following completion of the onshore cable installation, the working area will be
reinstated to its previous condition. If a multi-phased programme of works takes
place, some reinstatement may take place after the initial phase of construction. This
will include:

Installation
3.3.138 Similar to jointing pits, link boxes will be excavated by a mechanical excavator and a
prefabricated concrete, or similar, chamber installed. Once this is done the necessary
electrical cabinets will be installed and electrical connections made.
3.3.139 The link boxes will not be backfilled, as periodic access will be required for
inspections and testing as part of the project’s operation and maintenance.



Reinstatement of intertidal area;



Reinstatement of topsoil and subsoil so that normal agricultural practice can
resume;



Reinstatement of land drainage systems and, where necessary, installing a
drain typically parallel to the cable route post construction;



Reseeding of any fields of grassland, grass margins and ditch banks;



Reconstruction of any drains, ditches or roads crossed using an open cut
method;



Replanting of any hedgerows, shrubs, and trees through consultation with the
local planning authority;



Restoration or repair of fences, gates, tracks, or hard standings;



Reinstatement of PRoW along their former alignments where temporary
diversions have been put in place during construction;



Replacing topsoil where it has been stripped; and



Loosening or ripping subsoil where it may have been heavily compacted.

Haul road and access track
3.3.140 During the installation of the onshore cables one temporary haul road and, depending
on the transmission option, one temporary access track, see Figure 3.29, will be
constructed. Each could be up to 6 m wide and extend up to the full length of the
cable route.
3.3.141 The haul road will be utilised during installation for HGV vehicles over 3.5 tonnes. It
will be made up of either: an average of 0.3 m of permeable gravel aggregate with a
geotextile or other type of protective matting; or plastic or metal plates or grating.
3.3.142 The access track will be unpaved and will be used primarily by tracked construction
vehicles. Otherwise, all vehicles and equipment will be able to use the haul road.
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Onshore Substation Options
3.3.147 Depending on which transmission option is selected, the “onshore substation” will
either be an HVAC substation, an HVDC converter substation, or a combination of
the two. For the remainder of this section, when "substation" is used it is taken to
mean the HVAC substation, the HVDC converter substation, or combination as
appropriate depending upon the transmission option chosen, unless otherwise stated.
The onshore substation will be unmanned except for during maintenance visits and
can be monitored and operated remotely.
3.3.148 The substation will consist of a main building or buildings at one end of the site
abutting an open ‘yard’, possibly partitioned with concrete or steel walls or fences,
containing switchgear, electrical reactors, other electrical equipment, and other
smaller ancillary buildings.
3.3.149 The electrical export cables will enter the substation site and connect to the
substation buildings. The electrical power will pass through the buildings and into the
equipment in the yard. It will exit the site via underground 400 kV HVAC cables which
will connect to Killingholme National Grid substation, located to the south of the site.
3.3.150 The general arrangement of the site is shown in Figure 3.35. It should be noted that
vegetation that is removed during construction will be replaced, as agreed with the
relevant Planning Authorities. Figure 3.35 is generic such that it is applicable for
either the HVDC or HVAC option.
3.3.151 Worst case scenario assumptions have been made for drainage, and these are
described in detail in Volume 3, Chapter 2: Hydrology and Flood Risk. The maximum
parameters of buildings and equipment are listed in Table 3.31 and Table 3.32.
Please refer to relevant land and work plans for details. The detailed land and work
plans can be found in Land Plans (Document Reference 4.1), Works Plan (Offshore)
(Document Reference 5.1), Works Plan (Onshore) (Document Reference 5.2) and
the Works Plan (Intertidal) (Document Reference 5.3).
3.3.152 The transmission technology – HVAC, HVDC, or a combination of both – will be
selected post-consent. The finalised detailed engineering design will be agreed with
the local planning authority, North Lincolnshire Council, as a requirement of the DCO.
Location
3.3.153 The location of the onshore substation is presented in Figure 3.36. It is located on
greenfield, arable land, adjacent to the Killingholme National Grid Substation and the
E.ON and Centrica Combined Cycle Gas Turbine (CCGT) power stations. It is
bordered on the south by high voltage overhead power lines and on the northwest by
a bund, erected as mitigation for the visual impacts of the Centrica power station. To
the north, it is bordered by the proposed development ‘Hornsea Offshore Wind Farm
(Zone 4) - Project One.’
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Figure 3.35

Indicative general arrangement of the onshore substation site.
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Figure 3.36

Location of the onshore substation site.
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Onshore HVDC converter substation
3.3.154 If the HVDC export option is used, an onshore HVDC converter substation will be
required to allow Project Two to be connected to the National Grid. The HVDC
converter substation is required to convert HVDC electricity back into HVAC suitable
for connection to the grid.
Design
3.3.155 The footprint and layout of the substation is determined in part by the equipment,
connections, safety clearances and access required for components. The HVDC
converter substation will incorporate up to two approximately 900 MW or one up to
1,800 MW Voltage Source Converter (VSC) to convert the potential maximum
± 600 kV HVDC to 400kV HVAC. HVDC and HVAC switchgear will be provided to
control circuits and allow safe working access. The filtering requirements of this
technology are expected to be minimal if required at all. Indicative layouts for the
onshore HVDC converter substation are shown in Figure 3.37 and Figure 3.38.
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Figure 3.37

Indicative site layout for an onshore HVDC converter substation using two converters.
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Figure 3.38

Indicative site layout for an onshore HVDC converter substation using a single converter.
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3.3.156 Control and communications equipment will be accommodated in a building that will
include an interface to the National Grid Control Centre via telecommunications
facilities. Low voltage electrical power supplies (low voltage power and lighting) for
the onshore HVDC converter substation will be provided by a locally connected
auxiliary transformer with a separate supply from the local Distribution Network
Operator (DNO).
3.3.157 The main building and site perimeter of the onshore HVDC converter substation will
be designed to reduce its visual impact through the type, colour, and shape of
materials used, and through the use of effective landscaping within the boundary of
the red line illustrated in Figure 3.36. Further details are provided in Volume 3,
Chapter 5 Landscape and Visual Resources. The key materials for the building
exterior will be determined in the detailed design phase and in consultation with the
local planning authority.
3.3.158 The use of the external meshed air terminals is being proposed as a form of lightning
protection for the onshore HVDC converter substation building. This is a grid of
conductors that is placed over/around the building to provide lightning protection and
in particular to protect the sensitive equipment inside. This will not affect the building
profile although there would be a visible mesh of conductive material on the building’s
exterior.

Onshore HVAC substation
3.3.160 If the HVAC export option is used, an onshore HVAC substation will be required to
allow Project Two to be connected to the National Grid. The onshore HVAC
substation will allow transformation of the voltage to the required transmission system
level and will provide reactive power compensation and filtering equipment to ensure
that the wind farm complies with the technical requirements to connect to the National
Grid.
Design
3.3.161 This equipment will include up to eight main onshore transformers, 400 kV and export
cable transmission switchgear, harmonic filtering equipment, shunt and dynamic
reactors, autotransformers, lightning and transient protection equipment, and other
auxiliary equipment. An indicative example of what an HVAC onshore substation
could look like is shown in Figure 3.39, but the final size and the amount of those
components will be decided during the detailed design phase of the project.

3.3.159 The realistic worst case dimensions of the onshore HVDC converter substation site
are presented in Table 3.31. The maximum area of the site given in the table is the
area of Work 8A and 8B as shown in the Works Plan (Onshore) (Document
Reference 5.2). Details of the realistic worst case footprints for the substation are
shown in 4.3.7.
Table 3.31

Onshore HVDC converter substation dimensions.
Element

Minimum

Number of main buildings

1

Width of main buildings (m)

-

Length of main buildings (m)

-

Height of main buildings (m)

-

Length of site (m)

-

Width of site (m)

-

2

Area of site (m )

-

Maximum Comments
Housing HVDC to HVAC
2 converter equipment
Max dimension in case
69.5 of only one converter
Max dimension in case
135.0 of only one converter
Max dimension in case
40.0 of two converters
Site may not be
345.0 rectangular
Site may not be
220.0 rectangular
Assuming nonrectangular substation
60,000.0 filling site area available
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Figure 3.39

Indicative

site

layout

of

an
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onshore

HVAC

substation.

3.3.162 As with the onshore HVDC converter substation, control and communications
equipment will be accommodated in a building that will include an interface to the
National Grid Control Centre via telecommunications facilities. Low voltage electrical
power supplies (small power and lighting) for the onshore station will be provided by
a locally connected auxiliary transformer with either an internal supply or a separate
supply from the local DNO.
3.3.163 The realistic worst case dimensions of the onshore HVAC substation site are
presented in Table 3.32. The maximum area of the site given in the table is the area
of Work 8A and 8B as shown in the Works Plan (Onshore) (Document Reference
5.2). Details of the realistic worst case footprints for the substation are shown in
4.3.7.
Table 3.32

HVAC onshore substation dimensions.

Element
Number of main buildings
Width of main building (m)
Length of main building (m)
Height of main building (m)

Minimum
-

Length of site (m)

-

Width of site (m)

-

Area of site (m2)

-

Maximum Comments
1
18.5 Housing GIS switchgear
82.5 and control rooms
15.0
Site may not be
345.0 rectangular
Site may not be
220.0 rectangular
Assuming nonrectangular substation
60,000.0 filling site area available

Design
3.3.166 When preparing indicative designs for the combination HVAC and HVDC substations,
it was assumed that the HVAC part could either be on the southern side or northern
side of the substation and that the HVDC part would be on the other. This is relevant
because of the shape of ‘buildable area’ available to Project Two due to constraints
such as Hornsea Project One to the north and some overhead line pylons to the
south and east.
3.3.167 Figure 3.40 shows an indicative substation layout with HVAC in the south and Figure
3.41 shows an indicative substation layout with HVAC in the north. Both layouts treat
Hornsea Project One and the overhead line pylons as ‘hard’ constraints, with
appropriate buffers applied as necessary.
3.3.168 The realistic worst case dimensions of the combination substation site are presented
in Table 3.33. The maximum area of the site given in the table is the area of Work 8A
and 8B as shown in the Works Plan (Onshore) (Document Reference 5.2). Details of
the realistic worst case footprints for the substation are shown in 4.3.7.
Table 3.33

Combination HVAC and HVDC onshore substation dimensions
Element

3.3.164 The main building and site perimeter of the onshore HVAC converter substation will
be designed to reduce its visual impact through the type, colour, and shape of
materials used, and through the use of effective landscaping within the boundary of
the red line illustrated in Figure 3.36. The materials for the building exterior will be
determined in the detailed design phase and in consultation with the local planning
authority.
Combination HVAC and HVDC
3.3.165 If a combination of HVAC and HVDC technology is used the onshore substation
would most likely be split into two distinct parts: an HVAC and an HVDC part.
Indicative substation designs have been prepared on the assumption that each of
these two parts would have electrical capacities of up to 900 MW each.
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Minimum

Number of main buildings

-

Width of main building (m)

-

Length of main building (m)

-

Height of main building (m)

-

Length of site (m)

-

Width of site (m)

-

Area of site (m2)

-

Maximum Comments
One building for the
2 HVAC part of the
substation and one for
Varies the HVDC part.
Dimentions for the
Varies buildings are given in the
relevant preceeding
Varies tables
Site may not be
345.0 rectangular
Site may not be
220.0 rectangular
Assuming nonrectangular substation
60,000.0 filling site area available

Figure 3.40

Indicative site layout of combination HVAC and HVDC substation, with HVAC on the south (left side of the drawing).
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Figure 3.41

Indicative site layout of combination HVAC and HVDC substation, with HVAC on the north (right side of the drawing).
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Installation
3.3.169 For both the HVAC and HVDC solution the onshore substation installation works will
be relatively similar. The initial construction works will entail the preparation of the site
and access roads, undertaken by removing vegetation and stripping top soil and sub
soils before introducing a capping layer of crushed stone and further layers to
formation levels. In order to install the substation foundations a certain amount of
‘cutting’ and ‘filling’ of soil will be required. This will be determined at the detailed
design stage.
3.3.170 A temporary working area will be instated adjacent to the onshore substation site for
the substation contractor which could contain include offices, stores, delivery and
offloading areas, welfare facilities, parking areas and security accommodation. Most
of the larger equipment to be installed will be delivered directly to its intended
installation location. A security fence will be erected around the substation site and
the contractor’s areas. Site lighting will only operate when required and will be
directional to avoid unnecessary illumination.
3.3.171 The civil engineering works will include:


Landscaping, including bunds, trees, and other planting, as agreed with the
relevant stakeholders;



An access road, leading from the existing access for the Centrica CCGT plant
into the substation;



Foundations to structures and buildings;



Plinths for equipment;



Bunds for oil containment;



The construction of plant buildings;



Internal roads;



A parking lot for use by maintenance staff;



Perimeter substation fences;



Infrastructure for water drainage and attenuation;



Internal cable duct routes; and



Oil interceptor scheme.

3.3.172 The substation contractors will use damping sprays from water bowsers during
periods of dry weather to reduce the creation of dust, especially during periods of site
groundwork and civil engineering work. A wheel wash facility will be installed close to
the site entrance to reduce mud being transferred onto the public highway.

3.3.173 Once the foundations are in place and an oil containment scheme complete, delivery
and installation of the transformers will be undertaken. Each transformer delivery will
be classed as an Abnormal Indivisible Load (for the purpose of the Road Vehicles
(Authorisation of Special Types) (General) Order 2003) and transformers will be
transported using a special vehicle. Delivery and installation will include the use of
cranes and jacks to lift the equipment into position, typically via skidways or rails to
manoeuvre the transformers into place. For a limited period 24hour working will be
required to fill the transformers with oil and undertake oil processing to remove traces
of moisture. The oil conditioning process normally takes about 72 hours per main
transformer. The provision of a local electricity supply will also be required.
3.3.174 An oil containment system will be incorporated into the installation process to prevent
pollution from any spillage or leak from the converter transformers. The transformers
will be located in bunds which drain to a Class 1 oil interceptor system to capture any
oil spillage. Roads and skidways required for the delivery and offloading of the
transformers and their associated oil delivery/processing equipment and car parking
areas will be separately contained and drained into the oil interceptor system.
3.3.175 The final surfacing of internal roads and placement of chippings to the site areas will
complete the construction phase.

HVAC Interconnection with National Grid Substation
3.3.176 Up to two 400 kV HVAC electrical circuits will need to connect the onshore substation
to the Killingholme National Grid substation. This will allow the electrical power
generated by the wind farm to be transferred to the National Grid transmission
network for distribution throughout the country.
Location
3.3.177 Interconnection cables will run from the onshore substation compound area to the
north side of the Killingholme National Grid substation. The final routing of this cable
has not yet been determined but will be located within the areas designated in Figure
3.35.
Design
3.3.178 The interconnection will be up to two HVAC cable circuits. Each circuit will consist of
three single core cables buried in a single cable trench. The cables will be at a
voltage of 400 kV. The diameters of the cables will be up to 180 mm.
3.3.179 Each cable trench will be up to 2 m deep (to top of asset), have a width at the bottom
of up to 1.5 m, and a width at the top of up to 3 m.
3.3.180 It may be necessary that these cables cross fence lines, cables, and other existing
assets. Where crossings are required, they will be as described in paragraphs 3.3.93
to 3.3.117.
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3.3.181 When they reach the Killingholme National Grid substation building, these cables will
come out of the ground, run up the side of the building, and connect to gas insulated
ducts which then enter the building. The gas insulated ducts will then run to the
busbar clamps on the offshore transmission circuit within the Killingholme National
Grid substation.

3.5

Construction
3.5.1

All parameters discussed in this section are indicative for the purposes of informing
this Environmental Statement. The final offshore construction programme will be
submitted to the MMO under the requirements of the deemed marine licences.

3.5.2

Construction work is proposed to commence in 2017.

3.5.3

A summary of an indicative construction programme, showing the scenario of a single
phase of construction, is presented in Figure 3.42. The durations identified are
realistic worst case estimates for a single phase construction for the build of the
maximum project capacity and number of components. Actual durations will be
dependent on a number of factors including, component and vessel availability,
weather and final construction strategy.

3.5.4

Whilst Figure 3.42 shows a single phased construction programme, Project Two
could be built in up to four phases.

Installation
3.3.182 Installation of these cables will be similar to that described for the onshore cables and
trenches in paragraphs 3.3.78 to 3.3.83.

3.4

Waste Management

3.4.1

Waste would be generated as a result of the project, with most waste generated
during the construction of the offshore and onshore elements. In accordance with
Government policy contained in NPS EN-1, consideration will be given to the types
and quantities of waste that will be generated.

3.4.2
3.4.3

3.4.4

3.4.5

3.4.6

3.4.7

Procedures for handling waste materials are set out in the Site Waste Management
Plan appended to the Environmental Statement as Annex 7.4.3.3 of Volume 4.

Component
Onshore

During the operation of Project Two, each WTG will undergo a routine service every
year. As part of this process, hydraulic fluids, gearbox oils and lubricants will be
replaced and solid consumables such as filters will be disposed of. All waste will be
handled by licensed contractors for recycling or disposal onshore, and all records of
waste transfer notes will be kept.

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Export Cable
Substation

The SWMP describes and quantifies each likely waste type and records how it will be
disposed of, reused, recycled or recovered in other ways during the construction
stage of project. The SWMP also describes the management arrangements for the
different waste types and identifies potential management facilities in the vicinity of
the development. The available capacity of waste management facilities will be taken
into account where applicable.
Estimates for waste types and arisings from the construction of the onshore and
offshore components have been provided in the Site Waste Management Plan.
(Annex 7.4.3.3: Site Waste Management Plan). These will be updated as further
detailed design information becomes available prior to construction.

Indicative Programme

Inter-tidal Ducting
Cable Installation
Offshore

Export Cable
WTG Foundation - Piling Duration
WTG Foundation - Topside Installation
Substations
Inter-Array Cables
WTG Installation
Commissioning

Figure 3.42

3.5.5

If any components need replacing due to general wear and tear (these are likely to be
WTGs and electrical parts at offshore and onshore substations), they will be removed
and processed by licensed contractors. Only materials that cannot be recycled will be
sent to landfill. Any controlled waste will be handled correctly and disposed of at an
appropriately licensed waste facility.

In a multiphase construction scenario, the programme would differ from that shown in
Figure 3.42 in a number of ways. Particularly, ‘gaps’ could open within bars that
represent the construction activities. Following the completion of certain tasks (WTG
foundation installation, for example) for a given phase some amount of time could
pass prior to those tasks being resumed for subsequent phases. This ‘phasing’ of the
construction introduces some degree of necessary flexibility, but this flexibility is
expected to be constrained in the following ways:
i)

Wastes generated from the substation and O&M base will be managed by
appropriately licensed waste management contractors.
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Indicative single phased construction programme.

Onshore cable ducting for all phases will be laid during the first phase. Work in
subsequent phases will be limited to pulling cables into the ducts, jointing them
(including creating joint pits and installing link boxes), and commissioning
them;

ii)

iii)

Unless otherwise agreed with the relevant stakeholders, cable ducts will be
installed under the sea defences into the intertidal area in the first phase.
Subsequent phases will be limited to pulling the offshore cables into the ducts
and into the TJBs and jointing them with the land cables (including installing
link boxes).

iv)

Each phase will lay, bury, and protect (where relevant) their own offshore
cables, including in the intertidal area.

v)

Each phase will install its own WTG foundations. However, there will be at
most two vessels undertaking operations to install these foundations using
hydraulic impact hammers at any one time.

vi)

All piles will be installed over the course of at most five years with no ‘gaps’ in
pile installation work longer than one year.

vii)

Each phase will install its own HVAC collector substation(s) and inter-array
cables. However, offshore HVDC converter and HVAC reactive compensation
substations may be shared between multiple phases.

viii)

Each phase will install and commission its own WTGs.

ix)

The onshore construction programme, including all phases and gaps between
phases, will be completed within five and a half years from the start of onshore
construction.

x)

The intertidal construction, including all phases and gaps between phases, will
be completed within four and a half years from the start of intertidal
construction, including the installation of ducts under the sea defences and
installing cables in the ducts and laying them out to sea. The installation of
cables within the ducts and laying them out to sea will be completed within
three and a half years from the start of cable installation in the intertidal area.
No plant or materials will be left in the intertidal area between periods when
work is being actively carried out.

Offshore construction
3.5.7

The construction of offshore WTGs and transmission infrastructure is currently
scheduled to take place 24 hours per day throughout the year, subject to weather
conditions, until construction is complete. Construction in the marine environment is
potentially hazardous and it will be in the interests of safe working for the
development to take advantage of as much construction time in favourable conditions
as is possible.

3.5.8

A number of ports located on the east coast of England and the west coast of
continental Europe may be suitable for much of the construction and operation
activities required for the project. Part of the detailed project design and logistics
planning for the project involves assessing a number of potentially suitable port
facilities.

3.5.9

In addition to using ports for the construction of the wind farm, consideration will be
given to the offshore components of Project Two being brought directly to the project
site from their point of manufacture.
Construction sequence

3.5.10

3.5.11

Before the construction of the offshore wind farms can take place all the preconstruction activities must be completed, including:


Satisfaction of pre-construction statutory consent conditions;



Engineering, design and procurement; and



Detailed site surveys, as detailed in the Outline CoCP.

Following completion of the various pre-construction elements, the main offshore
construction sequence for Project Two will commence as outlined below. Some
construction activities may be carried out in parallel:


Onshore manufacture of WTGs, foundations, cables and electrical components;

The offshore construction, including all phases and gaps between phases, will
be completed within six years from the start of offshore construction.



Construction site and personnel are mobilised and the wind farm components
are delivered to the ports;

From the construction programme shown in Figure 3.42 and the constraints
described in paragraph 3.5.4, a number of construction scenarios were generated to
describe the realistic worst case construction programmes for each of the
assessments in the Environmental Statement.



Seabed preparation, as necessary;



The WTG foundations are transported to the wind farm site and installed in
position by the installation vessel;



The offshore HVDC converter substation or offshore HVAC reactive
compensation substation (as relevant) is transported to site and installed;



Offshore export cables are installed;



The onshore cable is jointed to offshore export cables(s) in TJBs;



The offshore HVAC collector substations are transported to site and installed;



The subsea inter-array cables are installed and terminated;

xi)

3.5.6

Civil works at the onshore substation site for all phases will be completed
during the first phase. Subsequent phases will be limited to installing and
commissioning electrical equipment and associated control, cooling
infrastructure, etc.
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Scour protection is installed as necessary;



Installation of tower, nacelle, hub and blades of the WTGs;



All systems are tested and commissioned; and



The construction site and personnel are demobilised.

Offshore construction vessels and helicopters
3.5.12

Construction will require a variety of different vessel and helicopter options
dependent on the final WTG, foundation, construction port, and construction strategy
taken.

3.5.13

It is expected that up to two jack-up barges would be involved in piling activity at any
one time. One jack-up barge would place the jackets on the piles (if jackets are
selected), and one jack-up barge would place the WTGs on the completed
foundations. Each of these barges may be accompanied by several other support
vessels, tugs, and/or transport barges.

3.5.14

To install the electrical inter-array and export cables, further cable installation vessels
or barges will be used. These will either be positioned using DP systems or using up
to nine anchors. If they use anchors, they will be accompanied by anchor handling
vessels.

3.5.20

Installing each duct can take several weeks or months. During this time trenchless
techniques are used to create a hole from the Temporary Compound Area and under
the sea defences so that it emerges in the intertidal area. When the hole is
completed, equipment and personnel work intermittently within the intertidal area for
up to two weeks to dig an “exit pit”, transport a duct into the intertidal area, and install
it into the hole. This is then repeated to install a duct for each cable offshore cable.

3.5.21

To install a cable into a duct, an offshore cable installation vessel anchors in the
intertidal area of just offshore with a length of offshore cable on board. The end of
the cable is pulled from the vessel, into the cable duct, and is secured in the
Temporary Compound Area in a TJB. Once the cable is secured, the cable in the
intertidal area is buried. The vessel then moves offshore, burying the cable as it
goes. The vessel and other equipment required to install the cable in the duct and
bury it in the intertidal area will be in the intertidal area for up to two weeks to
complete this work.

3.5.22

Due to environmental restrictions, it is expected that works in the intertidal will only
occur between 1st April and 31st September.
Onshore construction

3.5.23

Onshore construction will include:

To install the offshore substations and accommodation platforms, a heavy lift vessel
may be required which has a crane capable of lifting the substation and
accommodation platform topsides. These will either be positioned using DP systems
or using up to nine anchors. If this vessel uses anchors, will be accompanied by
anchor handling vessels.



Installation of onshore export cable (see paragraphs 3.3.63 to 3.3.146);



Construction of onshore substation (see paragraphs 3.3.147 to 3.3.175); and



Installation of the HVAC interconnection with National Grid substation (see
paragraphs 3.3.176 to 3.3.182).

3.5.16

All of the vessels described in paragraphs 3.5.12 to 3.5.15 could be working in
Subzone 2 and along offshore cable route simultaneously.

Construction sequence

3.5.17

For the purposes of the relevant assessments in Volume 2, a number of assumptions
have been used where relevant to estimate annual vessel movements for the
indicative construction programme.

3.5.15

3.5.18

3.5.19

3.5.24

For the purposes of the relevant assessments in Volume 3, it is assumed that there
will be up to eight cable trenches installed over four phases. The realistic worst case
construction programme is based on the following assumptions:


220 kV HVAC (three electrical plus up to two fibre optic cables per circuit);

Intertidal construction



Eight circuits installed in up to eight trenches;

Work in the intertidal will comprise the cable landfall works (see paragraphs 3.3.3 to
3.3.61).



Cable installation in ducts (in trefoil), all ducts installed in the first phase;



750 m duct/cable lengths between cable joints;

Construction sequence



1.5 m installation depth;

Cable landfall works comprise two discrete activities: 1) installing cable ducts from
the TJBs, under the sea defences, and into the intertidal area; and 2) installing cables
into the cable ducts and laying and burying them in the intertidal area and out to sea.



Digging trenches and installing ducts proceeds at 100 m per day, per trenching
team;



Cables are installed on a circuit by circuit basis after ducts are installed;



Three cable joints can be completed per week, per jointing team;
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Onshore crossings and intertidal installation works can happen concurrently
with all other cable installation work;



Coppicing and clearing restricted to between 1st September and 13th February
(outside of bird breeding season);



At the onshore substation civil works will be completed in up to 24 months in the
first phase with works associated with later phases taking up to 12 months per
phase.



Hours of operation
3.5.28

Resources assumptions
3.5.25

Various resources have been assumed to develop an indicative programme for a
number of activities.

3.5.26

It has been assumed that the onshore cable trenches, cables, joint pits, and link
boxes will be installed by a number of teams organised into up to five ‘work fronts’.
Each of these work fronts will be responsible for roughly one fifth of the onshore
cable route. Each of these work fronts could consist of:






Two cable jointing teams, each completing up to three joints per week;



Four joint bay preparation teams, each completing construction of a joint bay
approximately every two weeks; and



3.5.27

Two primary crews to dig trenches and install ducts. These teams are also
tasked with compound construction, route setup and route reinstatement.
Around a 100 m length of trench can be dug each day by each crew;
One cable installation team tasked with bringing the cables onto site and
installing them into the ducts. Up to one 750 m section of cable can be installed
in its duct per day;

One cable commissioning team. A single cable commissioning team is assigned
to commission the entire circuit following installation and jointing.



3.5.29



HDD operations which may require 24hr machinery operation, dependent on the
ground conditions;



Oil filling of transformers at the onshore substation;



Remedial works, for example in the event of severe weather;



Jointing operations along the cable route; and



Security of sites and protection of open assets.

The project may be installed in up to four phases. If this construction approach was to
be adopted it would alter the installation sequences both onshore and offshore as
described in the sections below.
Offshore multi-phase construction

3.5.30

Multiple cable crossing installation teams. It has been assumed that crossing
operations are carried out following route setup independent of the trenching
operations using additional parallel teams;
A landfall installation team. It has been assumed that the cable installation
through the intertidal area (restricted to 1 April – 30 September) is carried out by
a separate team to allow independence from the trenching activities throughout
the remainder of the route. This team will work within the Temporary
Compound Area for the majority of their duration on site, only accessing the
intertidal area for discrete two week periods to install each of up to eight ducts
and then further two week periods to install a cable within each duct;

Standard working hours for construction will be employed in most circumstances
between the hours of 7am and 6 pm weekdays, 7am and 1pm Saturdays and at no
time on Sundays or Bank Holidays. However, there are certain activities along both
the cable route and at the onshore substation that will require 24 hour operation, to
be agreed in consultation with the relevant Local Planning authority including:

Multi-phase installation

In addition to the work fronts described above, additional teams will be assigned
specific onshore construction tasks. These teams are expected to include the
following:


An onshore substation installation team. It has been assumed that the
substation construction works, including the civil and access road construction
and the electrical equipment installation and commissioning will be undertaken
by a team that is entirely independent from the rest of the onshore construction
teams.

3.5.31
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Each ‘phase’ of the project would install:


A number of WTGs (including their foundations);



Associated inter-array cables;



One or more associated offshore HVAC collector substation(s);



Associated offshore array interconnector cables; and



Offshore HVAC export cables, if applicable.

Phases may install or may share previously installed:


HVDC converter substations or offshore HVAC reactive compensation
substations (as relevant);



HVDC export cables, if applicable.

Operation and Maintenance (O&M)

Intertidal multi-phase construction
3.5.32

All work in the intertidal area will only occur between 1st April and 30th September.

3.5.33

It has been recognised given the sensitive nature of the inter-tidal area that phasing
of installation at this location will need to account for this. In the event that the project
is installed over four phases it is envisaged that the first phase would install all of the
ducts underneath the sea defences. This would entail access to the intertidal area for
discrete approximately two week periods for each duct (up to eight) spread over up to
three consecutive years. There will be gaps of approximately three weeks between
these two week periods.

3.5.34

Access to the intertidal area would also be required during the first phase for
additional discrete two week periods to install each ‘phase one’ offshore cable into its
duct and lay it from the end of the duct, through the intertidal area, and out to sea. In
a multi-phase construction, between one and seven cables could be installed in this
way in the first phase. Cable installation is expected to start in the second year of the
first phase.

3.5.35

In the subsequent phases, between one and seven further cables will be installed
into the ducts installed for them in ‘phase one’ and laid from the end of them, through
the intertidal area, and out to sea. Access to the intertidal area would be required for
discrete, approximately two week periods to complete this work for each cable. There
will be gaps of approximately 30 days between each of these two week periods.
Therefore, it is anticipated that a maximum of four cables could be installed per year.
However, it is expected that all of the cables for subsequent phases will be installed
over three consecutive years.

3.5.39

“Maintain” is defined in the DCO as follows: “unless otherwise provided for, includes
inspect, repair, adjust, alter, remove, reconstruct and replace any of the authorised
development, and any derivative of “maintain” shall be construed accordingly”. This
definition is restricted by a subsequent article which limits maintenance works to
those that have been assessed (where assessment is required under the EIA
Regulations) unless otherwise approved by the MMO or the relevant planning
authority and such approval may only be given in relation to immaterial changes
unlikely to give rise to any materially new or materially different environmental effects
from those assessed. The word is used with this definition in mind below.

3.5.40

The overall O&M strategy has not been finalised for Project Two. It is anticipated that
this will be finalised once the O&M onshore base location and technical specification
of Project Two are known, including WTG type, electrical export option, and final
project layout. As a result, an O&M base is not included in the DCO application for
Project Two.

3.5.41

The O&M strategy could include either an onshore O&M base or an offshore O&M
base (accommodation platforms), or both. However, an initial worst case scenario
strategy has been developed in order to define key parameters against which the
environmental effects of the O&M strategy can be assessed.

3.5.42

The general O&M strategy will rely primarily on crew vessels, offshore
accommodation, supply vessels, and helicopters for the O&M services that will be
performed at the wind farm. Maintenance activities have been categorised into two
levels: preventive and corrective maintenance. Preventive maintenance is according
to scheduled services whereas corrective maintenance covers unexpected repairs,
component replacements, retrofit campaigns and breakdowns.

Onshore multi-phase construction
3.5.36

Civil works at the onshore substation site for all phases will be completed during the
first phase. Subsequent phases will be limited to installing and commissioning
electrical equipment and associated control, cooling infrastructure, etc.

3.5.37

In is uncertain at this stage which phase(s) of construction would be required to
instate what environmental mitigation measures (such as drainage and visual
screening) but this would be agreed with the relevant stakeholders after detailed
design is completed.

3.5.38

The HVAC interconnection with the National Grid substation will be completed in the
first phase, and possibly a second, later phase, as required by the installed capacity
of the project.

Onshore O&M Base
3.5.43

The employees in the onshore O&M base will monitor, organise, support and
administer the wind farm’s day to day activities, with the purpose of ensuring optimal
performance with the least possible intervention. This includes both preventive and
corrective maintenance operations required for the WTGs, foundations, offshore
structures including accommodation platforms and cables. The onshore facilities will
require an office building, warehouse, car parking and harbour facilities which include
berthing, pontoon and vessel fuelling facilities for the required number of crew
vessels. The facilities will be large enough to cater for the number of staff required for
the project.

3.5.44

Table 3.34 provides an indicative overview of the O&M base requirements. The final
harbour site has not been selected.

3.5.45

Depending on the final O&M offshore logistical setup, a helipad with potential
refuelling could be part of the O&M onshore facilities.
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Table 3.34

Onshore O&M base key parameters.

Item
Onshore O&M base location
Onshore facilities

Parking facilities
Harbour facilities

Service vessels

Staff

Traffic

Table 3.35

Value (frequency, daily)
To be selected
Office space – 2200 m² base floor
Warehouse – 1700 m² base floor
approx.
Up to 440 cars per day
Pontoon – 440 m approx.
Vessel fuelling facilities
Mooring possibilities for floating offshore
accommodation
Up to 22 crew vessels, such as
catamarans, SWATH vessels (Small
Water Plane Area Twin Hull) or similar.
Up to 24 passengers and five crew
members per vessel.
Use of other types of vessels are also
being considered.
Up to 90 office staff
Up to 528 service technicians
Up to 110 service vessel crew
Up to 440 cars entering and leaving site
per day.
Up to 90 trucks entering and leaving site
per day.

Item
Jack-ups

3.5.47

Crew Vessels

Destination
WTGs,
Accommodation
Platforms, and
Substations
WTGs

Crew Vessels

WTGs

Supply Vessels

Accommodation
Platforms
Accommodation
Platforms

Helicopters

Offshore operation and maintenance
3.5.46

Helicopter and Vessel Round Trips per Year for O&M of Project Two
Offshore Assets.

Once commissioned Project Two will operate automatically, with each WTG
operating independently of the others.

Helicopters

WTGs

Helicopters

Accommodation
Platforms, and
Substations

Totals
Total Trips
Total Trips

Table 3.35 contains an estimate of the expected vessel and helicopter round trips for
the operation and maintenance of Project Two.
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Returns Trips Per
Year
Comments
74 All structures get 5 visits
over 25 years

669 11 on site for 6mths,
stay offshore for 3 days
at a time
1,342 22 on site for 6mths,
stay offshore for 3 days
at a time
732 One trip per day per
accomodation platform
1,046 150 technicians on each
platform, 1 transfer per
technician per week, 15
techs can transfer on
each helicopter
15,480 WTGs require 10
corrective O&M visits
per year, each fault
takes 2 visits to fix. Plus
23 preventative O&M
trips per turbine per year
200 12 preventative + 8
corrective per structure
per year
2,817 Boats
16,726 Helicopters

Helicopter operations

Vessel operations
Crew vessels
3.5.48

Crew vessels being considered for the wind farm are within a range of 12 to 24
passengers (PAX) capacity. The crew vessels will meet the required specifications
from the Marine and Coastguard Agency (MCA). It is anticipated that crew vessels
will be used for preventive and corrective maintenance. Vessels will transport
technicians, as well as equipment and consumables, including oil, when required.
When transferring consumables, and in particular consumables that are potentially
hazardous from the crew vessels, relevant HSE procedures will be followed with the
objective of minimising any risk of release.

Anticipated flight paths have not been assessed but the shortest flight path will be
utilised where possible, as agreed with the Civil Aviation Authority. Helicopter Main
Routes (HMR) will be followed, where sensible.
Maintenance operations

3.5.60

Depending on the helicopter type and size, the number of passengers and cargo is
limited. Normally four to six technicians including spare parts and tools can be
transported to a helideck (placed on a substation). For direct flights to a WTG helihoist basket, fewer technicians may be carried (two to three), depending on the wind
speed, quantity/weight of spare parts on board and type of service activity.

3.5.61

The location of the onshore helicopter landing facilities has not been finalised.

3.5.62

The use of supply vessels may be required to provide supplies to an offshore
accommodation platform on a daily basis. The supply vessel will meet the required
specifications from the Marine and Coastguard Agency (MCA).

The WTGs will have heli-hoist platforms to allow technicians to be winched down to
the WTGs.

3.5.63

When transporting supplies from the crew vessels, and in particular supplies that are
potentially hazardous, relevant HSE procedures will be followed, with the objective of
minimising any risk of release.

The weight limit for the helicopter depends on the chosen type of helicopter. Cargo
up to a limited volume and weight can be transported inside the cabin of the
helicopter, while larger spare parts must be transported as an under-slung load.

3.5.64

An example of how helicopters could be used to assist maintenance operations
would involve transporting four specially qualified technicians from the onshore
helicopter base or offshore accommodation to a helideck. Here two technicians exit
the helicopter before the helicopter proceeds to the WTG in need of maintenance and
hoists the remaining two technicians onto the WTG. The technicians will perform root
cause analysis and plan rectifying work and spare parts requirements. Meanwhile,
the helicopter will return to the helideck to pick up the last two technicians
transporting them to another WTG before returning to the helideck until the
technicians are finished.

3.5.65

It has been estimated that up to 15,480 return flights per year will be required for
WTG maintenance activities. This is based on a number of worst case assumptions:

3.5.50

Based on the likely operational setup including the use of offshore accommodation,
up to 11 crew vessels will sail within Subzone 2 on a daily basis, year around.
However, the daily activities will depend on weather conditions and required
maintenance. During maintenance campaigns (typically in the summer), this the
number of crew vessels on within Subzone 2 could increase to 22.
Using these assumptions the number of crew vessel trips has been calculated as
shown in Table 3.35.
Supply vessels

3.5.53

3.5.58

Helicopter operations may be used to transport technicians and/or equipment to the
WTGs or substations primarily for corrective maintenance operations, although in
certain circumstances they may be used for preventive maintenance operations as
well. Helicopter types that are being considered for the project include the EC135,
EC155, AW-109 Grand S, AW-139 and Sikorsky S76, but this may vary depending
on various factors including the selected WTG type.

It is likely that the crew vessels will stay offshore over several days, where they will
be refuelled offshore.

3.5.52

The helicopter operations are split into two categories, maintenance operations for
Project Two and crew transfers to offshore accommodation.

3.5.59

3.5.49

3.5.51

3.5.57

Jack-up vessels
3.5.54

For specific corrective maintenance activities, such as blade and other major
component replacements, a jack-up vessel will be necessary. The duration of the
operation activities will depend on weather conditions and the specific task.

3.5.55

As an example, the jack-up vessel will be transferred to the site and, depending on
average weather condition, an estimated 20 jack-up days is expected to complete the
replacement including mobilisation and demobilisation.

3.5.56

It is expect that over the course of the lifetime of the project between three and five
jack-up visits will be required at each WTG and platform for O&M purposes.
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Project Two has 360 WTGs;



Each WTG requires fault repair up to ten times per year;



All of repair activities are undertaken by helicopter;

3.5.66

Offshore accommodation



Each fault involves up to two helicopter return flights; and



An additional 23 return flights are made per year to each WTG for preventative
maintenance.

3.5.72

It has been estimated that up to 220 return flights per year will be required for
platform maintenance activities. This is based on a number of worst case
assumptions:

The offshore accommodation platforms being considered will have a capacity of 50 to
150 PAX. They are considered to be operational on a 365 days basis, and will
provide facilities and activities according to offshore living standards.

3.5.73

The locations have not been determined. However, locations within the Subzone 2
boundary are being considered. The platforms could potentially be stand-alone
structures or be integrated with a substation platforms.

3.5.74

The offshore accommodation platforms will contain the operational setup necessary
to support optimal wind power plant performance. This might include; helipad,
storage, workshop, crane, boat landings, waste disposal and vessel launch and
recovery equipment (i.e., equipment with the ability to hoist vessels out of the sea if
necessary).

3.5.75

A potential storage area on the accommodation platforms could hold consumables
and spare parts with an appropriate stock holding based on spares use, lead times
and production risk. This could include coolant, oil, valves, transducers, fuses,
cables, selected filters, nuts, lubricants, solvents, cleaning agents, de-greasing
agents, tools and other consumables or strategic spare parts.

3.5.76

A certain amount of hazardous material will be stored aboard the accommodation
platforms:



Project Two has 10 offshore platforms – six HVAC collector substations, two
accommodation platforms, and two HVDC converter or HVAC reactive
compensation substations;



Each platform requires up to eight flights per year for corrective maintenance;
and



Each platform requires up to 12 flights per year for preventative maintenance.

Helicopter transfers to accommodation
3.5.67

Helicopter operations may be used to transport persons and items to the offshore
accommodation.

3.5.68

Depending on the helicopter type and size, the varying numbers of people and
amounts of equipment and supplies can be transferred at one time. In larger
helicopters up to 19 people including items can be transported to a helideck and
transferred to the offshore accommodation.

3.5.69

3.5.70

The location of the onshore helicopter landing facilities for transfers has not been
finalised, however locations nearby the final harbour and O&M base will be
considered.

Up to two accommodation platforms;



150 technicians per accommodation platform;



Helicopters with a PAX of 15 are used;



One weekly transfer per technician; and



Each transfer involves up to two helicopter return flights.

Summing the number of flights required for corrective and preventative maintenance
of WTGs and platforms and of transfers, up to 16,726 round trip flights to Project Two
will be required during O&M.



Hydraulic oil - approximately 400-10,000 litres; and



Lubricates - approximately 1,000-3500 kg.

The platforms may be equipped with a workshop, which would contain machinery and
tools in order to support operations. This might include welding equipment, lathe,
tools and other workshop equipment. All such equipment will be designed and
operated to the relevant HSE standards.

3.5.78

There will be one or more cranes installed on the platforms, these will transfer objects
to/from the accommodation platform on a daily basis.

3.5.79

The waste disposal at the offshore accommodations will be within a range of a
normal waste level for offshore living. Based on experience, waste up to 25 kg a
month related to kitchen waste and 25 kg a month related to normal living per person
would be expected. Additional waste is expected from other undefined activities at
the offshore accommodation and O&M related activities. The waste will typically be
transported to shore by vessels, but may in certain instances also be transported by
helicopters.

3.5.80

Vessel launch and recovery methodology has not been finalised, however a launch
and recovery setup for the offshore accommodations will be considered.

Total number of helicopter flights per year
3.5.71

Coolant - approximately 400-10,000 litres;

3.5.77

It has been estimated that a maximum of 1,569 return flights per year will be required
for helicopter transfers. This is based on the maximum number of transfers being
considered for the project, and a number of worst case assumptions:
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3.5.81

Other options for offshore accommodations are considered, such as: a floating hotel,
a floating barge, mother vessel, vessel with gangway, or other solutions that could
maximise Project Two’s production and facilitate prudent health and safety for the
project. The functionalities of other offshore accommodation possibilities would in
general be similar to the functionalities provided by an offshore accommodation
platform.

Preventative maintenance
3.5.90

Offshore refuelling facilities
3.5.82

Offshore refuelling may be required for crew vessels and helicopters.

3.5.83

The location of the offshore refuelling facilities is under consideration. At this time, it
is expected that the offshore refuelling facilities will be integrated with offshore
accommodation platforms. However, these facilities could instead be aboard the
offshore substations or floating hotel vessels or mother vessels.

3.5.84

If offshore refuelling facilities are integrated into the accommodation platforms, they
are expected to include separate storage tanks for fuel for vessels and helicopters.
The vessel fuel tank would have enough fuel for a number of service vessels for four
working days, plus 20% contingency. The helicopter fuel tank would have enough
fuel for a single helicopter for four working days, plus 20% contingency.

3.5.85

If the accommodation platforms are large enough for 150 technicians and crew
vessels with a PAX of 12 are used, then each accommodation platform would need to
be able to refuel 12 service vessels. Based on a fuel consumption of 200 litres per
hour during operations and 100 litres per hour at night per crew vessel, each
accommodation platform would require crew vessel fuel tanks of around 210,000
litres in size.

3.5.86

Based on a helicopter fuel consumption of around 200 litres per hour and 12 hour
working days, each accommodation platform would require a helicopter fuel tank of
12,000 litres in size.

3.5.87

The re-fuelling facilities’ fuel tanks would likely need to be refilled on average every
three days by supply vessels.

3.5.88

3.5.89

Preventive maintenance will be mostly undertaken using vessels or helicopters to
access the foundations and divers for subsea inspections. Preventive maintenance
operations will include routine inspections of the subsea and topside structures, along
with confined space operations which may require specialised technicians and
equipment. The structural integrity of the foundation structure and ancillary structure
(e.g. access ways, J-tubes) will be assessed along with the level of corrosion and
marine growth. Marine growth will be removed if it is causing excessive loading on
the foundation structure or restricting access. High-pressure water cleaners (using
sea water with no additives) will most likely be used for general cleaning and marine
growth removal. Additionally, separate tests (such as bathymetry) will inspect the
condition of the seabed and scour protection (if required) around the base of the
foundations.
Corrective maintenance

3.5.91

Corrective maintenance includes repairs and replacements of electrical installations
such as lighting, fog horns, navigation lights and transponders. Generally this will be
carried out using crew vessels. Failure rates are assumed to follow a ‘U’ curve, with
increased failure rates during the first and last years of the structure’s lifetime. Some
corrective services such as anode and scour protection replacements would
additionally require divers and subsea access. Special corrective activities, such as
boat landing replacements, would also require the use of a jack-up vessel. These
services are required in the rare event of an emergency incident (such as a vessel
collision), or if the results of the routine inspections suggest they are necessary. The
foundation structures, including paint coating, will be designed to secure asset
integrity during the expected 25 year lifetime of the WTGs and it is anticipated that
minimal corrective maintenance operations will be required.
WTG topsides

3.5.92

Offshore Component Maintenance Requirements

To assist maintenance operations, relevant equipment such as a basic toolbox, low
value spare parts such as valves, transducers, fuses, cables, selected filters, nuts,
bolts, screws and sensors, as well as consumables such as rags, grease, degreaser /
penetrating oil water displacer or similar (or combination), water coolant and soap
water will be stored in each WTG.

WTG and substation foundations

Preventative maintenance

Offshore refuelling is potentially hazardous so HSE procedures will be followed, with
the objective of minimising any risk of release.

The following descriptions are generally applicable for the different foundation types
being considered for the project (monopile, jacket, GBF).

3.5.93
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Preventive maintenance will primarily be undertaken using crew vessels or
helicopters to access the WTG and includes tasks such as the replacement of
consumables (filters and oil) as well as a general inspection of the WTG. Crew
transfers from vessels are expected to be via boat landing whereas helicopter access
will be via heli-hoist.

3.5.94

Corrective maintenance

Subsea cables

Corrective maintenance includes minor repairs/restarts and component replacements
(such as generator, blades, etc.). This is required if the results of condition monitoring
or preventive maintenance suggest it is necessary, or if monitoring alarms are
triggered (some of which may result in the WTGs being remotely shutdown). It is
expected that on average up to eight visits per year will be required for fault
rectification and up to three per year for major component replacement (these figures
are however expected to vary significantly from year to year). Corrective maintenance
will be carried out by using either crew boat, helicopter or a specialised operations
vessel (such as a self-stabilizing platform / accommodation vessel) depending on
weather conditions and the details of the breakdown. Major component replacements
(generator, blades etc.) may require a jack-up vessel.

Preventative maintenance

Substation platform topsides
3.5.95

3.5.96

3.5.97

3.5.98

This section describes the maintenance of electrical substations of any type,
including: HVAC collector, HVDC converter, and HVAC reactive compensation
substations.
To assist maintenance operations, relevant equipment and consumables such as oil,
paint for corroded surfaces, tools and common minor spare parts will be stored in the
topside of each substation. Additionally, each substation will have fuelled emergency
generators to provide auxiliary power in the event of a breakdown.

3.5.99

Preventive maintenance will primarily be undertaken using special-purpose vessels
(such as cable-survey vessels) and typically includes routine inspections to ensure
the cable is buried to an adequate depth and not exposed. The integrity of the cable
and cable protection system (i.e., bending restrictors and bend stiffeners) can also be
inspected. It is expected that inspections of subsea cables will be more frequent in
the first few years of operation and less frequent as the actual mobility of the seabed
and risks to the cables become better understood. If remedial measures are required
(such as additional jetting or the placing of concrete mattresses or rock placement),
additional visits by specialised vessels (e.g. cable-laying vessels) would be required.

3.5.100 The same vessel carrying out the routine cable inspections will also cover the
inspection of the ground conditions and scour protection around the foundations and
a general survey of the wind farm subsea conditions.
Corrective maintenance
3.5.101 Corrective maintenance may be required in case of cable damage. The cable will
either be replaced, or repaired with a cable joint. Cable damage is not common and is
not frequently expected.
Intertidal operation and maintenance

Preventative maintenance

3.5.102 No substantive maintenance is expected to be required on intertidal export cables.

Preventive maintenance will be mostly undertaken using crew vessels and
helicopters to access the substation and includes tasks such as inspection of deck,
cranes, access facilities, substructures and electrical components. Consumables
such as rags, grease, WD40 and soap water may also be transferred to the
substation as part of the operation. It is anticipated that preventive maintenance for
the offshore substations will take place on a monthly basis. Additionally, once a year,
a shutdown for thorough inspection and maintenance could be taking place.

3.5.103 In the intertidal area, it is expected that inspections and surveys will be undertaken to
verify the burial depth of the export cables periodically over the operational period of
the wind farm. Though the burial depth of the cables will be specified so they will
remain buried for the lifetime of the project and beyond, it will be necessary to bury
the cables if erosion or other natural processes cause them to become exposed. The
most appropriate means of reburying any exposed cables will be assessed on an adhoc basis.

Corrective maintenance

3.5.104 An indicative inspection regime could consist of one annually ‘scheduled’ inspection,
plus further ‘unscheduled’ inspections following extreme events, such as large
storms.

Corrective maintenance includes minor repairs, breakdowns and component
replacements. This is required if the results of the preventive maintenance suggest it
is necessary, or if monitoring alarms are triggered. As for the WTGs, failure rates are
assumed to follow a ‘U’ curve, with increased failure rates during the first and last
years of the structure’s lifetime. It is expected that on average up to ten visits per year
will be required for fault rectification. Corrective maintenance will be carried out by
using crew vessels, helicopter or specialised operations vessels (e.g. jack-up
vessels) depending on weather conditions and the details of the breakdown.

3.5.105 A scheduled inspection activity will require a form of geophysical survey to be
undertaken over the export cable route. This is likely to require 2-3 persons
accessing the intertidal on foot or via small 4WD vehicle (low ground pressure
vehicles will be considered such as an ARGO) for a duration of approximately 2-3
weeks.
3.5.106 An unscheduled inspection methodology would be the same as that described for
scheduled inspections.
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Onshore operation and maintenance
3.5.107 Access to the onshore cable route will be required periodically to ensure that the
cables and other infrastructure remain buried and in good condition. Access for 4x4
vehicles will be required to the intertidal area, preferably via the existing track on the
top of the sea wall. The link boxes will be visited periodically to perform routine
checks.
3.5.108 The onshore substation is expected to be unmanned, except during maintenance.
Maintenance is expected to be largely preventative, taking place before the end of
the design lives of components or when remotely monitored sensors indicate a
possible or future problem.
3.5.109 Major (large) component replacements are not expected during the project’s 50 year
life. If they are required, their potential impacts will be assessed on an ad-hoc basis.

Offshore decommissioning
3.5.114 The Crown Estate lease of the Project Two site requires that the Project be
decommissioned at the end of its lifetime. Additionally, as discussed in Volume 1;
Chapter 2, the Energy Act 2004 requires that construction of an offshore wind farm
cannot commence until a decommissioning plan has been agreed by the Secretary of
State. Security or funds must also be put in place by the developer in order to ensure
that such decommissioning activities can take place. The decommissioning plan will
be updated during the project's lifespan to take account of changing best practice and
new technologies.
WTGs
3.5.115 WTGs will be removed by reversing the methods used to install them.
Foundations

Repowering
3.5.110 Although the Crown Estate lease for Project Two is 50 years, the design life of the
project is likely to be 25 years. During this time there may be a requirement for
upkeep or reasonable improvement. Such maintenance will be provided for within the
DCO.
3.5.111 If there are changes in technology, it may be necessary to ‘repower’ the project at the
end of the 25 year design life of the project, i.e. reconstruct and replace WTGs and/or
foundations with those of a different specification or design. If the specifications and
designs of the new WTGs and/or foundations fell outside of the Design Envelope or
the impacts of constructing, maintaining, and decommissioning them were to fall
outside those considered by this EIA, repowering would require further consent (and
EIA) and is therefore outside of the scope of this document.
3.5.112 At this time it is not expected that repowering would require any removal of existing or
installation of new offshore or onshore cables.

Decommissioning
3.5.113 At the end of the operational lifetime of the wind farm it is anticipated that all
structures above the seabed will be completely removed. The decommissioning
sequence will generally be the reverse of the construction sequence and involve
similar types and numbers of vessels and equipment and durations of time.

3.5.116 Piled foundations would likely be cut approximately 2m below the seabed, with due
consideration made of likely changes in seabed level, and removed. This could be
achieved by inserting pile cutting devices. Once the piles are cut, the foundations
could be lifted and removed from the site. At this time it is not thought to be
reasonably practicable to remove entire piles from the seabed, but endeavours will be
made to ensure that the sections of pile that remain in the seabed are fully buried.
3.5.117 Gravity base foundations could be removed by removing their ballast and either
floating them (for self-floating designs) or lifting them off the seabed.
3.5.118 Any scour protection will be left in situ. Removal of scour protection is not reasonably
practicable.
Cables
3.5.119 Currently there is no statutory requirement for removal of decommissioned cables
and removing buried cables is difficult.
3.5.120 Exposed cables are more likely to be removed to ensure they don’t become hazards
to other users of the seabed. At this time, it cannot be accurately determined which
cables will be exposed at the time of decommissioning. Although it is expected that
most inter-array and export cables will be left in situ, for the purposes of the EIA it has
been assumed that all cables will be removed during decommissioning, though any
cable protection installed will be left in situ. Removal of cable protection is not
reasonably practicable.
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3.5.121 The removal of buried cables is not an operation for which there is much precedent.
Therefore, at this time, it is difficult foresee what techniques will be used. However, it
is not unlikely that equipment similar to that which is used to install the cables could
be used to reverse the burial process and expose them. Therefore, the area of
seabed impacted during the removal of the cables could be the same as the area
impacted during the installation of the cables. Divers and/or ROVs may be used to
support the cable removal vessels.
3.5.122 Once the cables are exposed, grapples would be used to pull the cables onto the
decks of cable removal vessels. The cables would be cut into manageable lengths
and returned to shore.
3.5.123 Once on shore, it is likely that the cables would be deconstructed to recover and
recycle the copper and/or aluminium and steel within them.

Onshore substation
3.5.128 The components of the onshore substation have varying life expectancies.
Transformers typically have a useful life up to 50 years, and some components’ lives
can be extended beyond this period. The case for decommissioning the onshore
substation in the event of the wind farm being decommissioned will be reviewed in
discussion with the transmission system operator and the regulator in the light of any
other existing or proposed future use of the onshore substation. If complete
decommissioning is required then all of the electrical infrastructure will be removed
and any waste arising disposed of in accordance with relevant regulations.
Foundations will be broken up and the site reinstated to its original condition or for
an alternative use.

Onshore decommissioning
Cable landfall
3.5.124 To minimise the environmental disturbance during wind farm decommissioning the
preferred option is to leave cables buried in place in the ground with the cable ends
cut, sealed and securely buried as a precautionary measure.
3.5.125 Alternatively, partial removal of the cable may be achieved by pulling the cables back
out of the ducts. This may be preferred to recover and recycle the copper and/or
aluminium and steel within them.
Onshore cable route corridor
3.5.126 To minimise the environmental disturbance during wind farm decommissioning the
onshore cables will be left in place in the ground with the cable ends cut, sealed and
securely buried as a precautionary measure.
3.5.127 The structures of the jointing pits and link boxes will be removed only if it is feasible
with minimal environmental disturbance or if their removal is required to return the
land to its current agricultural use.
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