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Percentage difference in significant wave heighbbselirerand the Hornsea Three

Acoustic Wave And
Current Profiler (AWA(

LV dTaVald

A Nortek instrument which measures wave height, wave direction and the full current prof

operational phase, 50% no exceedance, wave direction North: (top) calibrated rate of atterx

(bottom) maximum rate of attenUAtION................ccccc e 72.
Percenige difference in significant wave height between baseline and the Hornsea Three
operational phase, 50% no exceedance, wave diregtmthiasth (top) calibrated rate of

TUautIvuTT,

Beach profile

A crosssection taken perpendicular to a given beach contour; the profile may includertbef;
seawall, extend over the backshore, across the foreshore, and seaward underwater into {|
zone.

attenuation; (bottom) maximum rate of attenuatian.............ccceeeeviiiiiiiii i 13

Bedforms

Features on the seabed saugdwawvg ripples) resulting from the movement of sediment over

Percentage difference in significant wave height between baseline and the Hornsea Three

Bedload

Sediment particles thatel near or on the bed.

operational phase, 50% no exceedance, wave direction Northeast: (top) calibrated rate of

Bed shear stress

The force exerted by moving water against the bed.

attenuation; (bottom) maxiratarof attenuatiQn..............cccoeeeiccceeeeeviiiee e 14
Percentage difference in significant wave height between baseline and the Hornsea Three
operational phase, 50% no exceedance, wave directichdza€top) calibrated rate of

Benthic

A description for animals, plants and habitats associated withAh@kedabacd animals that li
in, on or near the seabed are benthos.

attenuation; (bottom) maximum rate of attenuatian.............ccceeeeviviiiiiii e e, 75
Percentage difference in significant wave height between baseline and the Hornsea Three

British Oceanographic
Data Centre (BODC)

National facility for looking after and distributing data concerning the marine environment.

operationphase, 50% no exceedance, wave direction East: (top) calibrated rate of attenu
(bottom) maximum rate of attenUAatION................cccec e e 76..
Cumulative percentage difference in significangivalvettiveen the baseline and the Hornsea
Project One, Hornsea Project Two and the Hornsea Three operational phase, 50% no exc
wave direction North: (top) calibrated rate of attenuation; (bottom) maximum rate.@Battenu
Cumulative percentage difference in significant wave height between the baseline and the
Project One, Hornsea Project Two and the Hornsea Three operational phase, 50% no exc
wave direicin Northortheast: (top) calibrated rate of attenuation; (bottom) maximum rate of
o L= 101 (o o 79
Cumulative percentage difference in significant wave height betweearttid¢tzbimsea
Project One, Hornsea Project Two and the Hornsea Three operational phase, 50% no exc
wave direction Northeast: (top) calibrated rate of attenuation; (bottom) maximum rate of at

TOTT;
Clay

A fine grained sediment with a typical grain size of lessrtiran®o88dsses electromagnetic
properties whibind the grains together to give a bulk strength or cohesion.

eedance,
aﬁ&rﬁate change
Hornsea

A long term trend in the variation of the climate resulting from changes in the global atmo
ocean temperatures and affecting mean sea level, wave heightipegimoh awind speed and
storm occurrence.

cedagt@darocesses

Collective term covering the action of natural forces on the coastline and adjoining seabe

Cohesive sediment

Sediment containing a significant proportion of clays, the electropeatpetc which cause th¢
particles to bind together.

Sediment that is unsorted to poorly sorted and contains particles ranging in size from clay
suspended in a matrix of mud or sand.

wave direction Easttheast:qp) calibrated rate of attenuation; (bottom) maximum rate of
= L= 01U = 110 o PP PUPPPPP 81
Cumulative percentage difference in significant wave height between the baseline and the

Process by which energynsimited laterally along a waveRregagation of waves into the

European Marine
ion and Data

ProjetOne, Hornsea Project Two and the Hornsea Three operational phase, 50% no exce
wave direction East: (top) calibrated rate of attenuation; (bottom) maximum rate. o8attenu

ela%t%vé)ék (EMODnet)

EMODnet is a DioreteGeneral for Maritime Affairs and Fisheries (DG MARE) funded netw
organisations supported by the European Union's integrated martiese pojjapisations work|
together to observe the sea, process the data according to interaatisaaicstaakle that
information freely available as interoperable data layers and data products.

Movement of material by such agents as running water, waves, wind, moving ice and gra|

UOR;
d-1958-te
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Term

Description

Geophysical survey

Activities to obtain dateahe distribution and nature of geophysical properties of the seabed
bathymetry, surficial sediment type and bedfesorfacilgeolog@eophysical survey outputs
typically include multibeam bathymetsgasidmnar and dudittom profildata.

Term

Description

Semdiurnal

Having a period of approximately one half odw ticaichourdhe predominating type of tide
throughout the world is s#unhal with 2 high waters and 2 low waters each day.

Hindcast

The retrospective prediction of historical (wind and wave) conditions.

Significant wave heigh

The average height of the highest of one third of the waves in a given sea state.

Hydrodynamic

Of or relating to the motion of fluids and the forces acting on solid bodies immersed in flui
relative to them.

Spring tides

Tides with the greatest range which occur at or just after the new and full moon.

Intertidal zone

The zonediween the highest and lowestMdgsalso be referred to as the littoral zone

Seastate

The state of the sea as described using the Douglas sea scale, based on wave height ani
from 1 to 10, with accompanying descriptions.

Lowest Astronomical T|
(LAT)

The minimum tidal level (under average meteorological conditions) which can be reached

Shoreline Magement
Plan

A Shoreline Management Plan (SMP) issadéegessessment of the risks associated with coe
processes. It aims to lessen these risks to people and the developed, historic and natural

Light Detecting and
Ranging (LiDAR)

A surveying rhed that measures distance to a target by illuminating that target with a lase

Littoral drift, littoral
transport

The movement of beach material in the littoral zone by waves. imclwlesamisvement paralle
(longshore transport) andepelipular (onsheoéfshore transport) to the shore.

Suspended Particulate)
Matter (SPM)

Clese to the bed, suspended matter typically consiaspehoed mineral matter, but higher up
water column SPM is typically in the forni dbdisely bound aggregates composed of minera
(e.g. clay minerals) as well as organic matter.

Longshore drift

Or alongshore or littoral Biaftement of sand and shingle along the shore. It takes place in {
at the upper limit of wave activity and in the brealerveorent of &eh (sediments) approximat
parallel to the coastline.

Storm surge

A rise in water level in the open coast due to the action of wind stress as well as atmosph
the sea surface.

Surficial sediments

Sediments located at the seabed surface (not necessarily of the same characteediments)

Morphological

Of or relating to the form, shape and structure of landforms

Neap tides

Tides with the smallest range between high and low water, occurring at the first and third
moon.

Surge

In water level as a result of meteorological forcing (wind, high or low barometric pressure)
difference between the recorded water level and that predicted using harmonic analysis, |
negative.

North Atlantic Oscillatiq
(NAO)

Weather phenomenon in the North Atlantic Ocean of fluctuations in the difference of atmg
at sea level between the Icelandic low and the Azores high

Suspended load

The material moving in suspension in a fluid, kept up by the upward components of the tu
or by the colloidal suspension.

A layer, zone, or gradient of chategisily, esp. a thin layer of ocean water with a density tha

Suspended sediment
concentratig®SC)

Mass of sediment in suspension per unit volume of water.

Swell (waves)

Whdgenerated waves that have travelled out of their generating area. Swell characteristic
more regular and longer period and has flatter crests than waves within their fetch.

Tidal asymmetry

1) Relative difference in peak current speeation of adjacent flood and ebb half tidal cycles,
Relative difference in high or low water levels or duration of adjacent flood and ebb half ti

Pycnocline increases rapidly with depth

Read more at http://www.yourdictionary.com/pycnocline#p1BRxpeQeHiXWbKs.99
Receptor A component of the natural onmade environment that is affected by anintipaatg people.
Regime The behaviour, statistical properties and trends characterising the variability of hydrodyna

meteorological, sedimentological and morphological parameters.

Tidal excursion

The Lagrangian movement (the physics of fluid motion as an indiveelaidves through spac
and time) of a water particle during a tidal cycle

Return period

In statistical analysis an event with a returof pésiedrs is likely, on average, to be exceeded
once every N years.

Tidal excursion ellipse

The path followed by a water particle in one complete tidal cycle.

Salinity

Measure of all the salts dissolved in water.

Scour

Local erosion of sediments caused by local flow acceleration around an obstacle and ass
turbulence enhancement

Sediment transport

The movement of a mass of sedimentary material by the forces of curreitseasedivagatin
motion can comprise fine material (silts and muds), sands. Budegtéaietediment transport is
full amount of sedimeat tiould be expected to move under a given combination of waves 3
i.e. not supply limited.

Sediment transport

pathway

The routes along which net sediment movements occur.

The periodic rise and fall in the level of the water in oceans ardsikasgiavitational attracti

Tide the sun and moon.

Till Collective term for the group of sediments laid down by the direct action of glacial ice with
intervention of water.

Topography The form of the features of the actual surface tf ithe articular region considered collectivi
Turbidity is a measure of the degree to which the water loses its transparency due to the

Turbidity suspended particlBsispended sediment concentration (SSC) refers to the minefréthdraction

suspended solids load whilst SPM includes botigéméciand organic component

United Kingdom Clima
Projections (UKCP)

UKCPO09 is the name given to the latest UK Climate Rigj€Riadprovides information on
plausible changes in 2&stury climate for land and marine regions in the United Kingdom.
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Acronyms
Acronym Description
BERR Department for Business, Enterprise and Regulatory Reform
BGS British Geological Survey
CEA Cumulative Effects Assessment
Cefas Centre for Environmd-isherieendAquaculture Science
COWRIE Collaborative Offshore Wind Research into the Environment
DECC Department of Energy and Climate Change
Defra Department for Environment, Food and Rural Affairs
DHI Danish Hydraulic Institute
DTI Departmemwf Trade and Industry
EA Environment Agency
EIA Environmental Impact Assessment
ES Environmental Statement
GIS Geographical Information System
HAT Highest Astronomical Tide
HDD Horizontal Directional Drilling
HRW (Hydraulics Research) Wallingford
HV High Voltage
JNCC Joint Nature Conservation Committee
LAT Lowest Astronomical Tide
LiDAR Light Detection and Ranging
MALSF Marine Aggregate Levy Sustainability Fund
MCZz Marine Conservation Zone
MHWN Mean High Water of Neap Tides
MHWS Mean High veaitof Spring Tides
MIKE21SW MIKE by DHI Spectral Wave modelling software module
MLWN Mean Low Water of Neap Tides
MLWS Mean Low water of Spring Tides
MMO Marine Management Organisation
MSL Mean Sea Level
MW Megawatt(s)

May 2018
Acronym Description
NAO North Atlantic Oscillation
ODN Ordnance Datum Newlyn
REA Regional Environmental Assessment
rMCZ (Recommended) Marine Conservation Zone
SAC Special Area of Conservation
SCI Site of Community Importance
SMP Shoreline Management Plan
SPA Special Protection Area
SPM Suspendedarticulate Matter
SSC Suspended Sediment Concentration
SSSI Sites of Special Scientific Interest
SWAN Simulating Wés Nearshore
UK United Kingdom
UKCPO09 United Kingdom Climate Projections 2009
UKHO United Kingdom Hydrographic Office
UKMO UK Met Ofe
ZoC (former) Hornsea Zone Characterisation
Units
Unit Description
g gram
GW Gigawatt (power)
km Kilometre (distance)
kv Kilovolt (electrical potential)
kg Kilogram
kw Kilowatt (power)
m Metre (distance)
MW Megawatt (power)
mg/l Milligramlitre (concentration)
S Second (time)

Vi
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1.1.1.2

1.1.1.3

1114

1.2.1.1

ABPmer has been commissioned to delivarirtieprocesses requirements of the Environmental
Impact Assessment (EIA) for the Hornsea ProjéatfStore Wind Fafimereafter referredat®
O0Hor nskerRgurdld.r e e o

Theshape of thdornsea Thregray area epproximatetyuadrilater€29 knmwide in arastwest
axis and 35 km nestiuthHornsea Threeray ares 121 km from the Ukst¢at Tringham, iddk).
TheHornsea Thregray area is located to the east of both the (cddsemed)Project Cared
(consentedHornsea Project Tavmay areaand is located withinfdreneHornsea Zone.

TheHornsea Thredfshoreablecorrdoris approximatel@3km long and is orientated in a broad
northeast to southwest direction. The export cable landfall is located on the northrelNeeaik Coast,
Weybourndope and Kelling Hard

This technical annex providesfindings aih assesment of the potential for change to marine
processes as a consequence of the construction, apraaamtenan@d decommissioning of
Hornsea Three, both on its own and in conjunctionplatinetihesonsented and opergirofedts.

Theseindings have subsequently been used to underpin the significance of effect assessments for

Annex 1.AMarine Processes Technical Annex
Enviromental Statement
May 2018

In order to assess the potential changes relative to the baseline (existing) coastal and marine environ
a combination of complementary approaches have been adoptesHaiTiheklararine processes
assessmenthese include:

1 The 'evidence base' containing monitoring data collected duniagtityaodngperati@nd
maintenanaaf othepoffshore wind fadavelopment3he evidence base also inchede#is
fromnumerical modelling and desk based analyses undertaken to soffgloor@tiverd farm
ElAs especially thaded to support the consenting processes for the nearbyrdiecea
and Hornsdrojectwo;

1 Analytical assessments of psgectfidata including the use of rule basddspreadsheet
basechumerical models

1 Analytical angectral wave modelling to consider potential changes to the wave regime in respons
to the operation of Hornsea Three, as well as the potential forrangakagsaciated with
the operationl@brnsea Project OHernsea Project Taval Hornsea Three; and
1 Standard empirical equations describing the relationship between (for example) hydrodyna
forcing and sediment transport or settling and malhasati@mnistics of sediment particles
released during construction activities (e.g. Soulsby, 1997).

marine processes receptors, presented in volume 2, chapter 1: Marine Processes. The results have alsnsent applications for Hornsea Project One and Hornsea Project Two were made on the basis

been used to inform assessments for other EIA receptdridroupyg potentially be sensitive to
changes in marine processes.

number of technical marine processes studies (amoBgAttofiies), which included the use of
numerical modelling to quantify the environmental baseline and sché&nomiri@acistset, it

should be noted thatnfianyof the marine processes assessments, the existing evidence base from
Hornsea ProjectéOand Hornsea Project Two istasedldad andcorroborate the findings of the
independent quantitative analyses carried out for HornsEar Thstce, plume dispersion
modelling was carried out to inform understanding of constructionctslassbamped with

Hornsea Project One and Hornsea Project Two. This information has been used to validate the fin
of the independent spreadsheet based models used to inform the Hornsea Three sediment plt
assessments
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1.2.1.3

1.2.1.4

1.2.1.5

1.2.1.6

1.2.1.7

The scope tfieisaies foassessment fomarineprocesses is very similar (although not identical)
that previously consideredHéonsea Project Cened Hornsea Project TWide range of issues
assesseth this report asemmariseldelowwhilst the specific impactshgés considered within
volume 2, chapter 1: Marine Proces$isgedrgT ablel. 1:

1 Construction and decommissioning@heséastingp taeightyearsf the project is undertaken
in two phasgshortermchanges resulting freediment disturbaativities. These will arise
due to mechanical interaction with the seabed during foundation and cable laying acti
material being transported in the water column and deposited at locatitims sovagdnal

1 Operationaind maintenanpbasg25 yearspersistent blockag¢he passage of waves and
tides due the physical presence of structures on the seabed and through the wager coly
the lifetime bliornsea Threwith the potentiar localised interactions leading to possible scour
around the base of individual foundettbesposed cables

It is important to note that the spatial extent of these potential changes may differ greatly. Some,

Annex 1.AMarine Processes Technical Annex
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102.1.8 Instead, all of the above information is contained within the MagseclRapts (volume 2,
chaptel: Marine Processes).
Tablel.l: Summary of potential impacts/ changes considetbd marine processes assessment.
Potential impact/ change Pathway/ receptor
Construction

Increases suspended sediment concent(@&@hand deposition of disturbed sediments to the s
Irshure dhudiiling for foundation installation within gaeTiHoersarray area.

Pathway

iNGkcreases in SSC and deposition of disturbed sediments to the seabed due to dredging for ¢
preparation prior to installing gravity base foundations within the Hornsea Three array area.

Pathway

Increasgs in SSC and dépasif disturbed sediments to the seabed due to cable installation w
e array area.

Pathway

scour) will be operati@tdahe structuseale (metres to tens of metres). Others (such as chang
the wave regime) will extend away from the array area;fietd.the far

The assessment has been made with due consideration of naturally occurring varaipility in,

S 10
Increases in SSC and deposition of disturbed sediments to the seabed due to sandwave cle
Hornsea Three array area.

Pathway

pingsAgpes in SSC and deposition of disturbed sediment to the seabed due to drilling for foun
qwiét‘waig] ér(]jeng?rnsea Three offshbtecorridor.

Pathway

changes to, marine processes during Hornsea Three lifetime (25 years). This encompass
change as well as climate change (e.g. sea level rise). This is important as it enables a referg
be established against which the potentiéitg mmadline processes can be compared, throughout

Hornsea Three lifecycle.

Hornsea Three offshea@ecorridor.

»tdgesas| ifpSSC and deposition of disturbed sediments to the seabed doegeabredging f Pathway
tRgaparation prior to installing gravity base foundations within the Hornseacktnegoofisbore
Increases in SSC and deposition of disturbed sediment to the seabed due to cable installatii Pathway

It should be recognised that in most cases, marine processes are not in themselves recept
instead, 'pathways' which have the potential to indirectly impacinotieetadreceptdiablel. 1

DlisciRME& B SSC and deposition of disturbed sediment to the seabed due to sandwave cleg
Hornsea Three offshzablecorridor.

Pathway

highlights which potential impacts / changes are considered as pathways and which are co

NHEEFRHAS on senbedit byjackup essels

Pathway

receptorsNotwithstanding the above, three specific marine processeavecbprsdentified
within the Hornsea Three marine processes staayuagka)(

Removal of sandwsirapacting sandbank systems within proximity to the Hornsea Three arrg
offshoreablecorridor.

Pathway and receptor

1 The shoreline

Changes to hydrodynamics, sediment transport and beach morphology at the landfall.

Pathway and receptor

M Offshore sandbanks; and

Operation and Mainterze

1 The Flamborough Front.

Changes to the tidal regime, with associated potential impacts to sandbanks

Pathway and Receptor|

This annex provides the technical information undeEpimofripe impacts listethlriel.1 and

Changes to the wave regime, with associated potential impacts to sandbanks and along adj

Pathway and Receptor|

assessed within volume 2, chapter 1: Marine Processes. This annex does not:

Scour of seabed sediment

Pathway

9 Provide detailed baseline information;

Changes to sediment transport and sediment transport pathways with associated potential i
sandbanks.

Pathway and receptor

1 Define the Maximum Design Scenarios; or
1 Assign sigraéince of effects.

Changes to water column stratification with associated potential impacts to the Flamboroug!

Pathway andaeptor

Changes to beach morphology, hydrodynamics and sediment transport (littoral drift) at the I

Pathway and receptor

:
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Potential impact/ change Pathway/ receptor

Decommissioning

Increases in SSC and deposition of disturbed sediment to the seabed within the Hornsea Tl Pahway

Increases in SSC and deposition of disturbed sediment to the seabed within the Hornsea Th Pathway
cablecorridor.

Removal of sandwaves impacting sandbank systems within proximity to the Hornsea Three| Pathway and receptor
offshoreablecorrilor.

Changes to hydrodynamics, sediment transport and beach morphology at the landfall. Pathway and receptor

1.3.1.1 This report is structured around the potentialanthattscteequiring assessment, as identified
duing Scoping and through discussions teldvitrine Processes, Benthic Ecology and Fish and
Shellfistexpert Working Grongetinggsee Table 1.2 of volume 2, chapter 1: Marine Processes for
further information on the consultation undertaken to date)

Sectiorz: Using an evidence based approach;
Sectior3: Guidance
Sectiow: Suspended sediment concentrations, disciel/sediment type;

Sectior: Turbid wakes

Sectiorb: Landfall;

Sectior: Tidal regime;

Sectios: Wave regime;

Sectior®: Sediment transport regime;
SectiolQ  Water column stratificatiom
Sectioll  Scourand seabed alteration

=4 4 4 4 4 -4 -4 -4 -4 9

1.3.1.2 In this report, the following terminology is used to characterise geographiciosetgseasitirte
marine processes studagigurel.l):

1 Nearshore area (0 mLAT coowto ~5 mLAT contour);
1 Inshore area & mLAT contour out t8G-mLAT contour); and
1 Offshore area (seaward of 8@ mLAT contour).

1.3.1.3 Adescription of the baseline enviroaotesthe marine processes study area is provided within
volume 2, chter 1: Marine Procesdésximum Design Scenarios used in the assessments presented
in this report are also set out in volume 2, chapter 1: Marine Processes.

:
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1 The East Anglia THREE site is located in the southern North Sea, appoxoffatelye69
from Lowestait the Siolk coast;

1 Water depths across the East Anglia THREE site typically-B&amgd traest Astronomical
Tide (LAT) td5mLAT, but the extreme depths range from a mi@BmbAdfto a maximum

of-49mLAT
assessmesbf changes to marine processes arising froea Abres. This section provides an muddy sand N ‘ ' . .
explanation of the approach and documents full justification for its application to Hornsea Three. T Inplaces, surficial sediments are a thin veneer and the underlying muddy Brown Bank Formatic

close teseabed

2.1.1.2 The evidence based approach to EIA utilises existing data and information from sufficiently similar @  East Anglia THREE project would have a total capacity ofvi06ekiden 100 (12 MW)
analogous studiesihform baseline understanding and/or impact assessments for a new proposed and 172 (7 MW) wind turbines;

development. In this way, the evidence based approach does not necessarily require new data to bﬁe
collected, or new modelling studies to be undertaken, in order to chaetetatisleirttpact with
sufficient confidence for the purposes of EIA. q

The minimum spacing between adjacent wind turbines would be 675 m within each row an
minimum spacing of 900 m betweeranows
Gravity base foundatigmavity base foundat)gwhich typicattpuse the greatest blockage of

2.1.1.3 An evidence based appréadharine processem be applied where it can be demonstrated that waves and flows) with a basal diameter of up to 60 m may be used.
adequate suitable information (evidence) already exists to inform the basséitienchachoter

_ > 2.1.1.6 There are a number of close similarities betwémmsba Thresnd East Anglia THREE projects,
assessment phase of the EIA process for a given potential impact type and/or receptor:

both in terms of their similarity with other consectted/phajetheir respective Round 3 development
1 An evidence based approach to baseline characterisation relies upon the previous collection ofONES as well as with each other. Key similarities include:

development of a sufficient quantity and qualityetiateseiind 1 Environmental setting (such as seabed sediments, water depths, wave climate);
1 Anevidence based approach to impact assessment idhiesgpmmonstrateat the aspect 1 Project design (such as maximum foundation dinaemsions):

of the proposed development being assessed (or other developments in a cumulative sens.e)ﬂ Availatity of an extensive evidence base from an adjacent analogous.development
remains of a sufficiently similar character (eigndappeatfoundation type and numben etc

an existing consented development or other close analogies, located in a similar envi2ahm&ntah more detailed project independent discussion regarding the justification for, and the applicatio
context. evidence based approaches to &ff&haire wind farmay be found in ABParetHR Wallingford
(2009). The methods and approaches contained in this report areantbooesidignt witne

2.1.1.4 An evidence based approach to EIA for marine processes issues has been successfully adopted forr@commendations of ABRmeR Wallingford (2009).

numbeiof othewoffshore wind faaevelopments where, asHimnsea Thredevelopment was
proposed adjacent to an existing consented or operational site:

1 Seagreen Phase 1 (Round 3; consented in 2014);

1 Burbo (Round 2 extension; consented in 2014);

1 Walney (Rodr2 extension; consented in 2014); and

1 Gunfleet Sands 2 and Demonstration sites (consented in 2008).

2.1.1.5 In addition to the above, the East Anglia THREE @®sbode3)ind faEtA has beamdertaken
using aevidence based apprq&ast Anglia Offshdfmd, 2018nd was consented in August 2017
Key site details and project design infocoatidered in the applicatiersummarised below:

5 Orsted
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2.2.1.1 As stated isection2.1 an evidence based assessment approach may applicable to either bp==*
characterisation and/or the impact assessment phase. In terms of baseline characterisation, Theme Comment
of newprojecspecific data has been collected to inform understaeditugrsfea Three array area There is a broad northeast to southwest gradient in tidal water levels with the greatest tid:
and offshoreable corriddraseline environment, particularly in terms of seabed morphology and experieced closer inshore. Withiiittesea Threerayareathe mean spring range (MSR) is be
seabed/suseabed sediment characteristics. In addition to this new data for Hornsea Three, a large body approximately 2.0 and 2.5 m; in contrast the MSR aimossetheroject GmlHornsea Project
L. . . ) i ) Twoarrayarea is between approximately 2.5 m and 3.5diffefdrece in tidal range between thi
of existing metocean pgsical, geotechnical and benthic survey data is also available from acrosgaifgvations is therefore comparable to the difference within indivMoatsiteshe relativimfluencef tidal

2212

2213

2214

Table2.1:

Summary of key similarities and diffeemnbetween baseline conditiavithin theHornsea Project Optdornsea

Project TwandHornsea Threarray areas

former Hornsea Zone, along with a number of publically available datasets and reports. All of these project

and noiproject specific datasets are described within volusmpéer2,1.chtMarine Processes.

Collectively, these combined datasets provide sufficient detail to enable robust characterisation of the spring range of 2.5 m in the same settesengs a variation of Z.l8ba difference of only 1.4%
Hc_)msea.Three Project ar?a Ih‘terr.ns of the metOC(—‘t'an ! Semmwng' The remainder of Across thisrmeHornsea Zone, tidal current velocities vary broadly in accordance with the
this section focuses the justification for the application of an evidence based approach tg. &Qlecurrems gradients in tidal range. Peak tidal current speeds are corregpendagpgpydximately 0.9 m/s)

assessment of potential marine processes impacts.

The application of an evidence based approach to the assessment of potential changes
processes associated Mitmsed hredsjustifiedjiven:

1 The proximityldornsea ThréeHornsea Project One and HoRwegsct TwiseeFigurel.l)
for which a large body of evidence (includargcahodelling) already exists regategfipl
impacts (sedvart Wind 2013, 285

1 The broad similarities in environmental charadtebkds; @nd

1 Thebroadimilarity with respect to the project design characteristie®betesnaeOne,
Hornsea Project TavmiHornsea Thré€able2.2 andTable2.3).

range on total water depth withifotheea Three array aseal the relative difference betweeen |
sites in this respect, is skadlexample, a mean spring range iof ariable water depths-4625
(avg. depth of Bjrepresents a water level variatioprokapately 5.7% comparison, a mean

theHornsea Project GmmelHornsea Project Tavoayarea than in thdornsea Threerayarea
(approximately 0.7 m/s).

to marine
Wave climate

Significant wave heights appear well correlated across the entire area wiits aif aaye eve
significance occurring essentially simultaneously across the area. The prevailing wave dir
three arragres is from the nortbrthwest.

Bathymetry

Across large parts oftloensea Thregrayarea water depths are comparadthose in thiornsea
Project OnendHornsea Project Tavoayarea (approximateBb m te40 mLAT). Discrete areas |
relatively deeper water are present withimrtbea Threerayareaalong the northern boundary (
to approximateB0 mLATassociated with Outer Silver Pit) and in central areas (up to appro
70mL AT, associated with Markhamés Hol e)

The applicability of an evidence based approach is further supported by the assessment outcomes for

Hornsea Project One and Hornsea Projedhi€ivéound no significant impacts for marine proces
receptorsiable2.4).

5es
Geology and seabed
sediments

Finally(andas stated isectionl.?, forthe vast majority of the marine processes assessments

presented in this report, the existing evidence base from Hornsea Project One and Hornsea
(as well as otheffshore wind fadavelopments) has not solely been relied upon to underpir
Hornsea Three marine processssssment. Instead, independent quantitative analyses have
carried owvhich validate and supiperevidence base.

Project Two
the
been

Seabed sediments actbesHornsea Project One, Hornsea Project Two and Hornsagafesee
aredominated by the presence of sands and gravels, with spatially varying combinations (
However, discrete areas of relatively finer grained muddy sand are also présansedtiihrbe
arrayareal associ ated with ©MHdepr Silver Pit an

The underlying solid geology of the region is complex and is overlain by varying thickness
sediments. These generally increase in thickness in an easterly direction and may be 20C
east of thtormeHornsea Zoneata from thiermeHornsea Zone geophysical survey confirm t
presence of the Bolders Bank Formation is extensive across the area surveyed, and it is (
by varying thicknesses of recent seabed sediment. No chalk was recorel@dtinghsoteholes
from thélornsea Threerayarea(which terminate at depths of 44 m and 47 m below the seal

It is noted here that the underlying geology (chalk) was also not found in the boreholes c¢
Hornsea Project Tavoayareaor in any of the site specific sucaesied owtithitheHornsea Projel
Onearray area

Suspended sediment
concentrations

Variations in SSC are observed acrémsribilornsea Zone. However, these variations reflec
localised changes in watehddpthich influence the degree of wave stirring of the bed) and |
sediment composition. No underlying differences bétwaesethProject One, Hornsea Projec
and Hornsea This@eayareasan be identified

Sediment transport

Within thelonsea Project OardHornsea Project Tavoay areas many of the mapped bedforn
symmetrical, however, where bedforms display a marked asymmetry, in general these su
the north and northwest. Existing regional scale mappingssunjjgeststaransport direction wit
theHornsea Threeray area as elsewhere withfortheHornsea Zone (Kenyon and Coopet, 2
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Table2.2: Summary of key metrics féornsea Project One, HornBeaject Two and Hornsea Three : : :
Metric Hornsea Project One | Hornsea Project Two Hornsea Three
Metric Hornsea Project One Hornsea Project Two Hornsea Three Basadiameter 50 m 45 m 43m
Area 407 krh 462 krh 696 ki Number 332 360 00
Max. number of turbines 332 360 300 Minimurspacing 924 m 932 m 1000 m
Max Project capacity 1,20QMW 1,800 MW 2,400 MW NS 16.0 km 19.3 km 32.9 km
Indicative turbine density (turbinds/ ki 0.8 0.78 0.8 _ _ NNESSW 16.0 km 22.5 km 27.2 km
Max. arragimensiof
NESW 19.1 km 25.9 km 28.1 km
Table23: Summary of maximum design scenario mdoiddornsea Project One, Hornsea Project Two and Hornsea Three EW 38.1 km 41.4 km 31.2
Layouassociated witieximunaesign scenario for a single foundation
Metric Hornsea Project One | Hornsea Project Two Hornsea Three . . . : . . .
Conservative maximum design scenario as refers to maximum number of foundations in array
Maximum desigscenario sedimenisturbancedrill aisings) c Describes the maximum distance across the array for the defined orientation. Only those dimensicraitiele
of potential changes to wave conditions shown
Foundation type Monopile Monopile Monopile
Diameter 8.5m 10 m 15m
i Table24: Summary ofiornsea Project OedHornsea Project Twoarine processeSlAmethodology andutcomes.
Burial depth 50 m 50 m 40 m
Number 332turbines 120turbines 160turbines Assessed foHornsea | Approach methodolodyr . o
- - ; : Magnitude of | Significance of|
Drilling rate 3 m/lour 3 mhour 0.2 0.5 mifour Activity/ ptentialimpact Project One and Hornsea Project One an : ’ foct
: : impac effec
Max volme of sediment/ foundation | 2,837 f 3,849 M 7,069 Hornsea Project T®o Hornsea Project Two
Maximum design scenario sediment disturbfezkpeparation) Construction
Foundation type Gravity base Gravity base Gravity base Potential for disposal of drill
arisings during installation of
Basediameter 50 m 58 m 53 m monopile foundatsao increase
5 b S—— b SSC within the water column N/A
Number 332urbines 120turbines 160turbines Potential for seabed preparat Assessedsing plume (marine
Depth of seabed excavation 5m 5m 2m prior to installiggavity base | Yes dispersion modelling N/A processes
foundatianto increase SSC (SEDPLUMEW model) receptors
Max volume of sediment/ foundation | 17,839 i 23,892 i 5,845 within the water column |nhsen5|t)|ve to
. . . change
. : . . . . . Potential for installation of cal
Maximum design scenario sediment disturbéateeinstallation) to0 increase SSC within the w
675 km array; 830 km array; column
450 knarray
Max. cable length 8 x 150 kraxport 6 x191kmexport;
4 x 150 kmexport . .
3 kminterconnector | 225 kninterconnector
Target/max cable burial depth 1m/3m 2m 1m/3m
Width of seabed affected 10m 10m 10m
Worst Case Blockage
Foundation type Gravity base Gravity base Gravity base
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Assessed foHornsea

Approach methodolodgr

Activity/ mtentialimpact

Assessed foHornsea
Project One and

Approach methodolodgr
Hornsea Project One an

Magnitude of

Significance of

- - _ ) Magnitude of | Significance of|
Activity/ mtentialimpact Project One and Hornsea Project One an .
: : impact effect
Hornsea Project T®o Hornsea Project Two
Disposal of drill arisings durin
installation of monopile
foundations will deposit mate
on the seabed N/A
Potential for seabed preparat] Assessed using plume (marine
pior to installimgavity base | Yes dispersion modelling N/A processes
foundatianto result in the (SEDPLUMEW model) receptors
deposition of material on the Insensitive to
seabed change)
Potential for installation of cal
to deposit material on the seg
Potential for the installation o Desk based assessment
export cable at the landfall to drawing upon recent and Negligible
affect beach morphology, es historical beh monitorin Negligible insianifi
hydrodynamics and sediment g (insignificant)
: . data
transport (littoral drift)
Operatiorand maintenance
Tidal flows were modelled
using TELEMAD, part of
the TELEMAC Modelling
System.
The wave transformation
model used was SWAN
Potential for the presence of (Simulating Waves
turbines and associated offsh NearshoreVave diffraction
infrgstructure to affect thg tidz wasmodelled usjng_ the Negligible/No | Negligike
regime and the wave regime,| Yes ARTEMIS waveitagjon hange o
associated potential impacts model chang (insignificant)
along adg®nt shorelines and Potential changes to
offshoreandbark sediment transport at the
coast were considered usi
empirical equations, relatil
changes in wave height,
period and direction with
changes in the (theoretical
rate of sediment transport|
Empirical equations to eng N/A
Potential for the presence of Sﬁ;?;ﬂgﬁgﬁ?s%z?z%rn% (marine
turbine foundations to resulti| Yes AN N/A processes
scour of seabed sediments extent and equilibrium scg receptors
depth) from foundation insensitive to
desig. change)

: : impact effect
Hornsea Project T®wo Hornsea Project Two

Potential for the use of cable Assessed conceptually, N/A
protection along Hreay drawing upon the existing i
platform interconneatéfishore evidence base and empiri (marine
accommodation platform and| Yes equations considering (for] N/A processes
export cables in deep water t example) the extent of wa receptors
affect sediment transport and transformation for given w| Insensitive to
sediment tnaport pathways depths change)
Potantial for the use of cable
protection along the export cg
in shallow water to affect bea
morphology, hydrodynamics Desk_ based assessment bl
sediment transport (littoral dri yes d_rawmg upon recent_angl Negligible Negligible

. historical beach monitorin (insignificant)
Potential for the export cable data
the landfall to affect beach
morphology, hydrodynamics
sediment transport (littoral. dri
Decommissioning
Cutting off jacket foundations
below the seabed surface ha
potential todrease SSC within
the water column and deposi
material on the seabed
Potential for removairafvity N/A
base foundat®to increase Demonstrate that scale of (marine
SSC within the water column Yes impact is less than that N/A processes
deposit material on the seabe assessed during construct receptors
Removal of expantay operation phase insensitive to
platform interconnector or change)
offstoreaccommodation platfg
cables has the potential to
increase SSC within the wate
column and deposit material
the seabed
Removal of the export caple Demonstrate that scale of
the landfall has the potential { impact is less than that Negligible
affect beach morphology, Yes Negligible

hydrodynamics and sediment

transport (littoral drift)

assessed during canstion/
operation phase

(insignificant)
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1 'Potential effects of offshore wind developments on coastal procesaesd {MBRD 2002).

3.1.1.2 Monitoring evidence compiled during the conatrdajmerati@and maintenanctearlieoffshore
3.1.1.1 It is expected that EIA studies should apply any relevant guidance and best practice. The followingind farrdevelopments is also now available. Some of this information is contained within the COWI

guidance documents are of particular relevance to theaprespnbcessstsdy: ScourSe@9 publication (ABFPreeal.,2010), whilst a number of monitoring reports and previous
offshore wind faBEnvironmental Statemanéshosted on the Crown Estate Marine Data Exchange
T 6Environmental impact assessment for off sho fgpsitt @hvEMafnedaBexchdh§elcdluk). Proj ects. 6 (BSI, 2015).

T 6Review of envi r on mecanseatl monitaingaof lieeace ooaditians efd wi t h post
of fshore wind far ms:Etu ROWMP Project No: 1031. (Fugro
1 'AdviceNote Seven: Environmental Impact Asse8seigninary Environmental Information,
screening and scoping' (The Planning Inspectéeite, 201
1 'Advice Note Nine: Using the Rochdale Envelope' (The Planning Inspectorate, 2012);
1 'Advice Note Tweiansibundarympacts ' (The Planning Inspectoraib); 201
1 ‘'Guidelines for Data Acquisition to Support Marine Environmental Assessments of Offshore
Renewable Energy Projects'. (Cefas, 2011);
T 6l dentifying the possi bl e missigmiagon Annealfmobile ck dump from oil and gas decom
sandbankgdNCC, 2017);
1 'General advice on assessing potential impacts of and mitigation for human activities on Marine
Conservation Zone (MCZ) features, using existing regulation and legislation' (JNCC and Natural
England,@1);
1 'National Policy Statemenil ENDverarching National Policy Statement for Energy' (DECC,
2011a);
1 'National Policy Statemen8 ENational Policy Statement for Renewable Energy Infrastructure'
(DECC, 2011b);

T 6Further review afataddi rMmOOWRMHOEN(iBtBadPume8ed HR Wal |l i ngf or d
andCefas, 2010);
T 6Coastal Process Modelling for Offshore Wind farm Environmental | mpact Assessment: Best

Gui de 6 and#RBNRlhmgford for COWRIE, 2009, [http://www.offshorewiridfarms.co
1 'Guidelines in the use of metocean data through the lifecycle of a marine renewables development'
(ABPmeet al.2008&);

T 6Review of Cabling Techniques and Environment al Effects applicable to the Offshore Win
l ndustry. o D eEpterprise rared rReguldtaryr Ref@m B lassaeiatisn with Defra.
(BERR 2008);

1 'Review of Round 1 Sediment process monitorilggstata learnt. (Sed01)' (ABEtaéy
2007);

1 'Dynamics of scour pits and scour pret®gtitresis report and recommenslaSed02)' (HR
Wallingforet al.2007);

1 'Offshore Windfarms: Guidance note for Environmental Impact Assessment in Respect of FEPA and
CPA requirements'. (Cefas, 2004); and
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1
4.1.1.1 Local increas@sSSC may result from the disturbance of sediment by construction related activities,
most notabtjue to: 1
1  Drilling of monopile foundations and pin piles for piled jacket foundations;
1 Seabed preparation by dredgomgqravity base foundatistallation;
1 Sandwavelearance (prior to cable burial); and
1 Cable burial. q

4.1.1.2 The mobilised material may be transported away from the disturbance location by the local tidal regime
According to the soypathwayeceptor med 1

1 Disturbance and release of sediment is considered as the source of poter@aCrhtreges to
water column;

1 Tidal currents act as the pathway for transporting the suspended sediment; and

1 The receptor is a feature potentially sensitive to ase/ imcaspended sediments and
consequential deposition.

4.1.1.3 The magnitude, duration, rate of change and frequency of retlangesa®EC and bed level
are variable between operation types and in response to natural variability in th@coregndding envi
parameters.

4.2.1.1 Baseline characteristics of the hydrodynamic, sedimentological and morpholegal thegimes
Hornsea Three array area and alaoifsticere cabterridoare briefly summarised below:

1 Mean spring peakreat speed increases with proximity to the Norfolk coast. Peak (depth averaged)
current speeds on a mean spring tide are around 0.5 m/s within the Hornsax@ddnde array
at the offshore terminus obtiséore cabtorridor, ineasing up to appmoately 1.0/s in
nearshore areas at the lan8tetiir{ Wind, 20l 2BPmeet al.2008). Mean neap peak current
speed is approximately half that of springs;

1 During winter months the concentration of suspended particulaté, mattedi(§FRMs pkd
sediment and other organic matter) at the surface of the water column is typically in the range ~5 to
35 mg/l whilst during summer months, values are usually in the approximate range 1 to 10 mg/I. For
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both summer and winter months, SPM concergregrally opncrease with greater proximity to

the coast (Dolplkiral, 2011);

SSC will naturally vary with height in the water column. Sediment-suspandéy tey the

action of currents and waves at the seabed and so SSC is highest S&atienszdlvedurally

settles downwards under gravity but issalsperded upwards by turbulence which is greater
nearer the seabed. This results inlimeam(powdaw) profile of SHE@. rapidly decreasing

with height above the sepbed

Seabed stace sediments are largely dominated by coarse grained unconsolidated material (e.
sands/ gravels) with fine grained sediments (e.g. muds) typically comprising less than 5% of sez
sediments. However, discrete areas of relatively finer grairiecaksedpnesent within the
Hornsea Three array area (6@%0 f i nes, associated with Oute
(EGS, 201 &linton, 2016; BGS, 3987

The thickness of seabed surficial sediment cover is highly variable Oremgtug firothe

vicinity of mobile bedform featunés;

The complete succession of Quaternary deposits within the former Hornsea Zone consists
(youngest to oldest):

Botney Cut Formation (mainly sands);

Bolders Bank Formation (stiff diamictons with widgtyraamgizes);

Eem Formation (very fine to medaimed, slightly gravelly, shelly sands);

Egmond Ground Formation (gravelly sands interbedded with silt and clay);

Swarte Bank Formation (mainly-faeab sands); and

Yarmouth Roads Formation @tkeaszd by a range of sediment types). (BGS, 1986; 1987;
1991; Cameron et al., 1992).

MW (W W (W (W (W

Consideration of bothHieensea Threspecific geophysical survey data and available regional
mapping information from the BGS and HegibealFEnvironmental Cheniaation €O

suggests that in offshore areas the Botney Cut and Bolders Bank Formations are found either :
very close to the seatR@S, 1986; Tappiral.2010; EGS, 2016; Clin20i6)Figured.1).

At the landward end ofatfiehore cabderridor, chalk is encountered at or very close to the seabed
surfac€Bibby HydroMap, 2(Rigro, 201 Figurel.2).
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Figure4.1: Distribution and thickness of geological units within the Hornsea Threwearay
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