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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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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

Annex 1.AMarine Processes Technical Annex
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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).



-

Hornsea 3 Annex 1.AMarine Processes Technical Annex
Offshore Wind Farm Enviromental Statement
May 2018
2°10'0"E 2°20'0"E 2°30'0"E 2°40'0"E 2°50'0"E 2°1 Q’O"E 2°2({’0"E 2°3q0"E 2°40'0"E 2°50|’0"E 2°1 Q’O”E 2°2q0"E 2°30“0"E 2°4Q’0"E 2°59'0"E e G
| : ; | i : | : | \ \ | \ \ A L L A able Corridor
Base of Holocene Top of Bolders Bank Base of Botney Cut [ Turbine Array Area
1 1 Cable Corridor
[l Offshore Cable Corridor Temporary Working Area
P = < < Former Hornsea Zone Boundary
S I o o - =
IS S o o | sFormer Hornsea Zone
-?S }") :?) :“r) Depth (m) Below Seabed
B
Bt
El2to5
5 to 10
[J10to 20
[J20t0 30
= < = = [ 30 to 40
<) o g S
3 3 _§ § [ 40 to 50
8 3 3 3
z £ z Z
IS S N © ()
S N B ¥
3 3 3 3
‘ : : : | | . : | :
| ; ‘ \ ‘ ‘ . : | ‘ \ ‘
Top of Swarte Bank Top of Eem formation

I
54°0'0"N
54°0'0'N

Reference System : ETRS89 Scale@A3:1:570,000
Projection : UTM Zone 31N Vertical reference: LAT
0 15 30 Kilometres
‘2 =2 L 1 1 L | 1 1 1 |
g S I T 1 T 1
[ rs) 2 0 5 10 Nautical Miles
™ I REV REMARK DATE
© b L !
00 Initial Issue 14/02/17
01 ES Issue 16/11/17

Hornsea Project Three
Distribution and thickness of geological units

£ =< =2 within the Hornsea Three Array Area
1) J ) )
S) n oS- >
;; ~004_ESTA_Fig4.1_Array_Sub_Seabed ;,: ;:) goc no’ABngr-EOR06914450/03/TA-4 1
0 = 904_ESTA_Figs.1_Aray_Sub | 8 3 reated by: N 7
ata sources: EGS, 2016 Checked by: AB
2°10'0"E 2°20'0"E 2°30'0"E 2°40'0"E 2°50'0"E 2°10'0"E 2°20'0"E 2°30'0"E 2°40'0"E 2°50'0"E 2°10'0"E 2°20'0"E 2°30'0"E 2°40'0"E 2°50'0"E

Figure4.1: Distribution and thickness of geological units within the Hornsea Threwearay

RPS . Orsted



-

Hornsea 3 Annex 1.4Marine Processes Technical Annex
Offshore Wind Farm Enviromental Statement
May 2018

1°00"E 1°30'0"E 2°0'0"E 2°30'0"E 1°00"E 1°30'0"E 2°0'0"E 2°30'0"E 1°0'0"E 1°30'0"E 2°0'0"E 2°30'0"E
| g A L ;i L A A | } i . | . . | . . I . L I . . | . . | . . | . . | . Cable Corridor
| Top of Bolders Bank Base of Botney Cut [ Turbine Array Area
. . [ ]cable Corridor
[ Offshore Cable Corridor Temporary Working Area
Former Hornsea Zone Boundary
|_ T Former Hornsea Zone
Depth (m) below seabed
o-1
-2
-3
s3-4
4 -5
s - 10
Il 10-20

Base of Holocene

53°30'0"N
53°30'0"N

53°0'0"N
53°0'0"N

52°30'0"N

| . . | . . . n . , . | . | . , . , . . | . . |

Base of lower till unit Base of Swarte Bank Top of chalk/ hard till unit
GRIDY- GRIDY GRIDY-
g z
S — o
i ) D
™ ™
& &
o] (5]
Reference System : ETRS89 Scale@A3:1:1,750,000
Projection : UTM Zone 31N Vertical reference: LAT
0 40 80 Kilometres
[ L 1 L | L | L |
I T T T T T T T T T 1
0 20 40 Nautical Miles
REV REMARK DATE
z z
j=) — [« 00 Initial Issue 14/02/17
Tl B3 o 01 ES Issue 16/11/17
3 3

Hornsea Project Three

Distribution and thickness of geological units
along the Hornsea Three Cable Corridor

Doc no: ABPmer-EOR0691-4450/03/TA-4.2

Seabed Created by: ND
. Fygro. 2|017 L i [ * t Y | g L | g T T T T T T 2::::01(5:(’!1;;/:’% ars'ted
1°0'0"E 2°0'0"E 2°30'0"E 1°0'0"E 1°30'0"E 2°0'0"E 2°30'0"E 1°0'0"E 1°30'0"E 2°0'0"E 2°30'0"E

Figured.2. Distribution and thickness of geological units along the Hornseaffsheee cableorridor.

RPS N Orsted



Hornsea 3
Offshore Wind Farm

4.3.1
4311

4312

4313

Methodology

Sediment disturbed and released into the water column during construction will settle downwards at a rate
depending upon its grain size. During settling, the sediment plume will be advected away from the point
of release by any cnotsethat are present, and will be dispersed laterally by turbulent diffusion. The
horizontal advection distance will be related to the flow speed and the physical properties of the sediment.
The maximum néed level of SSC is expected to be founche/nesentbody of the settling plume

of sediment reaches the seabed

Coarse grained sediments will behave differently to fine grained sediments when released into the Wat‘lér
column. The disturbance of coarse grained or consolidated material isdiety imlyiESCs in

the vicinity of the release location, but is also likely to settle out of suspension quickly (e.g. in the order of
seconds to minutes) so any sediment plumes are likely to be localised. By contrast, fine grained material
will tend teemain in suspension for a longer period of time (in the order of hours to days), potentially
resulting in an increase in SSC over a larger area, at a progressively reduced concentration, due to
advection and dispersion from the original release lou&trodiffSrences are expected when
considering any resulting changes in bed level due to resettlement of the material in suspension. Coarser
material will tend to give rise to thicker but more localised changes in bed levels whereas fine grainell
materiaimay give rise to smaller changes in bed levels over a wider area. The exact pattern of re
deposition of sediment to the seabed will depend on the actual combination of operational methods and
environmental conditions at the time of the event whiariableb& he total volume of sediment4 4
disturbed is, however, known with greater certainty and a range of potential combinations b??'ééposn
shape, thickness and area (corresponding to the same total volume) can be more reliably provided, asfa
subset of lgbossible combinations.

In order to inform the assessment of potential cl&®Gasddyed levels arising from construction T
related activities, a number of spreadsheet based numerical models have lieeasde Gitojied

models were developatised to inform the environmental impact assessments for similar activities at T
Burbo Bank Extension, Walney Extension and Navitus Bay offshore wind farms2Z@GlG Energy,

and Navitus Bay Development Ltd, 2014, respEctvalyeadsheet basenenical modealsed

herearebased upon the following information, assumptions and principles: Il

1 Resuspended coarser sediments (sands and gravels) will settle relatively rapidly to the seabed and
their dispersion can therefore be considered on the basis6 s napshot 6 of t he
which are unlikely to vary greatly between the times of sediment release and settlement to the
seabed. Reuspended finer sediments may persist in the water column for hours or longer and so
their dispersion is ddased instead according to thetengeresidual patterns of water motion
in the area, which vary both temporally and spatially in speed and direction;

13
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A representative current speed féothgea Thregray area is 0.25 m/s, which is representative

of higher tidal flow conditions occurring on most flood and ebb cycles for a range of spring and r
conditions. Assuming a higher value will increase dispersion, decrease SSC and reduce
thickness of subsequent deposits and vice versa;

Lateral dispgon of SSC in the plume is controlled by the horizontal ecldlyg céspeiesit, Ke,

estimated as Ke = 8u*z (Soul sby, 1997), wh
value of half the water depth iIis wused), a
velocity (u*theada@d®hg)tyWherdseawasbri ¢t kel
stress, calcul at ed u s i?2nSgulsbyhl897)using d re@esdntatives t r

current speed (U = 0.25 m/s) and a drag coefficient value for a rippled sard.68&hed (Cd
The grab sample and geophysical data fitomdea Thregray area indicate that there are
three characteristic surficial sediment types present, namely:

3 Sandy gravel (30 to 80% gravel, sand more than 9Qeave fiactign)

3 Muddy sandyavel (30 to 80% gravel, sand 50 to 90%rafvebfractiqand

3 Muddy sand (less than 5% gravel, sand 50abr@®gbavel fraction)Based on the
sediment grab samples collected in the Hornsea Three awagrar@aesent, fines
typically ke up 5 to 20% of the total sediment meas,bmitip to 50% in small greas

To estimate the tig@le in suspension, sediment is assumed to settle downwards at a calculatec
(theoretical) settling velocity for each grain size fraction (0.6ig@%,ra/6%an/s for (medium)
sands and 0.5 m/s for gravels and generally coarser sediments, including clastic drill arisings).

The numerical model for SSC resultitigefreteasef sands and gravels is constructed as follows:

The time required fediment to settle at the identified settling velocity through a range of total
water depths representative of the site is calculated, to yield the duration for settlement;

The horizontal distance downstream that the plume is advected is foundtas the produ
representative ambient current speed and the duration for settlement;

The horizontal footprint area of the plume at different water depths is calculated from the in
dispersion area, increasing at the horizontal dispersion rate geertthreedapthe plume to

reach that depth; and

The estimate of SSC at different elevations is found by dividing the sediment mass in suspensic
a given water depth (the product of the sediment release rate and the duration of the impact, div
by tle water depth) by the representative plume volume at that depth (horizontal footprint area

a rhatidepthx 1ng)ondi t i ons
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4.3.1.5 The numerical model for sediment deposition thickness rethdtieteisghsands and gravelsis 4.3.1.6 The numerical model for SSC resulting from dispersion of fine sediment is constructed as per the foll

constructed as follows:

T

The area ev which sediment is deposited depends on the lateral spreading of the sediment plume
footprint with depth, but also with tidal variation in current speed and direction, including the

possibility of flow reversal. This is an important factor if thecuvetetrsemore than tens of q
minutes as it affects the distance and direction which the plume is advected from the source;

The width of the footprint of (instantaneous) deposition onto the seabed is estimated as the squarg
root of theearbedplume footimt area (calculated using the model for SSC above). For monopile 1
foundations, the point of sediment release is likely to be static and so the width of deposition igj
characterised directly as the footprint of deposigpavityobase foundatemd jaket q
foundations, the point of sediment release is likely to move within an area equivalent to the size of
the jacket foundation or dredged area, in which case the overall width of deposition is characterised
as the footprint of deposition plus the dathetgavity base foundatosize othe jacket;

The length of the footprint of deposition onto the seabed over multiple tidal cycles is estimated ag
twice the advected distance of the plume at the representative current speed, representing the

maxmum length over consecutive flood and ebb tides. If the operation lasts less than 12.4 hours

(one full tidal cycle), the length is reduced proportionally;

example:

The vessel is likely to be stationary during precision dredging operations so the water moven
relative to the vesss dominantly tidal (at the representative current speed 0.25 m/s);

Sediment is discharged at a representative rate (e.g. 30 kg/sduesh@Eigmg a minimum

volume of water 1002110 m x 10 m x 1m deep);

This volume of water will beshefdeevery 40 seconds (10 m / 0.25 m/s);

The total sediment input is 40 s x 30 kg/s = 1200 kg;

The resulting initial concentration in the receiving water is 1289 kg k@@a-rh2,008ng/l;

The initial concentration would then be subjedemd disparsion both laterally and vertically.
Given the starting mass of sediment and water volume above, levels of SSC will vary rapidl
proportion to the dilution of the same sediment mass as the plume dimensions and volume incre
and

Assuming adter current speed, faster vessel motion or larger footprint of release would reduce ti
mass of sediment introduced to the fixed volume of the receiving waters (and so SSC) at the .
of initial dispersion, aie versa

The average seabed deposition thickness is calculated as the total volume of sedimenétdleased?rilling of monopile foundattis and pin piles for piled jacket foundations

divietd by the footprint aredtftimes length) of deposition; and
This model provides a conservative estimate of deposition thickness as it assumes that the whol

gummary

sediment volume is deposited locally in a relatively narrow corridor. In practios, the dep@si Monopile foundations and pin piles for piled jacket foundations will be installed into the seabed u
footprint on the seabed will probably be normally wider and frequently longer than is assumed, angtandard piling techniques. In some locations, the particular geology may presert pding, obstacle t
the proportion of all sediment deposited locally will vary with the distribution in grain size (leading t® which case, some or all of the seabed material might be drilled from within the pile footprint to ass

a greater area but a correspondingly aveage thickness).

the piling process.

4.3.2.2

14

The impact of drilling operations for monopile installation mainly relates to the release of drilling sp
or &ovethe water surface which will put sediment into suspension and the sigysesjtientafe

that material to the seabed. The nature of this disturbance will be determined by the rate and total vc
of material to be drilledgwogical condits and the drilling method (affecting the texture and grain
size distribution of the drill spoil). diresgeare quantitatively characterised in this section using the
spreadsheet based numerical models desseitigaiiin3. 1
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Evidence base 4.3.2.6 The installation of steel monopiles (4.7 m diameter and up to 20 m penetration depth) was assist

4.3.2.3 Sediment disturbance associated with the installation of monopiles was previously considered for Hornsgd € cases by a-dmive methodology. The drill arisings were mainly in the form of roplafghalk) chip

Project One and Hornsea projectiwg numerical mode(@vgrt Wind, 2013, 20154k volume that were released onto the seabed a short distance away in a controlled manner using a pumped

of sedim# released was based on drilling 100% of the internal volume of thenmadiaopeiel;10 The particular con.cern n t.hat case was the posgbﬂﬂyfaa&emhalk. ar!smgs leading to high levels
50m deep, 3,92 per monopilat 3m/hr, disturbing @8%) which is a smaller total volbute of SSC of an atypical sediment tygpeesilt of sediment trap monitoring (located as close as 100 m

higher sediment releasetrete that being considesedibrnsea Three (Eliameter, 40 deep from the operation) was that the chalk was not observed to collect in significant quantities. However,
7,069 m3 per mongpalie0.5m/hr, disturbingr@8i. Taking account of these differences, the nature measurements of SSC were not possible at the time of the operation.

of the sediment disturbance, the sediment type and other environmental conditions are sufficigrtly SImitahe dimensions the chalk drill arisings deposit created was measured by geophysical survey an
that the previous modelling is considered to provide directly relevant evidence for Hornsea Three in thig s acterised as a conical mound, approximately 3 m thick at the peak, extending laterally (from the
regardThe spatial pattern and magnitude of elevated SSC (and associated levels of deposition) due t9, ambient bed level) up to 10 m in what is assumed the dbrentireamd 5 m in the other. The

drilling activitiegthin the Hornsea Prdjeat array areae shown iRigurel.3, Figurel.4 andFigure volume of theartially consolidatibosit (measured as approximately 290 cofhpasble the

45and summarised below: total volume of the drilled (8#& m3)it is noted that the depdsinaterias likelyjto beless
consolidatetanits originat-situstatelf all of the drilled material had been deposited into and retained
in the mound, assunartgpicapacking density of (&io of solids to vaitts@ moundvouldoe

expected toave alargewvolume of circa 578 m. the mound is likely to contain approximately 50%

. . . . f the drilled materfdiedrilled material n [ in the local mound may hav n '
1 Peaks in suspattisediment concentration increase are typictilhgdshoitthe order of an O.t e drilled at.e. ;ded _ed aterial not deposited . the local mou d.. ay have been subject to
. . . . : different patternsimfiakettling acsubsequentansposteading to some matdrghg moveavay
hour. During monopile drilling the predicted concentration reduces to near background after . : : -
. . ) from the main deposit locafiloese processes are consisteneatibdsphotographs ingig#tat
approximately eight hours from the start of the release;

the material in the deposit is horizontally graded, with the |doyesedlastsr to the centroid of
1 Any deposition was retglri to within a few hundred metres of the location of the works; ' Post | 2 v 9 My |

the deposit is also possible ttiet combination of drill and drive did not necessarily release a volume

T The simulations of work; fF’r two concurrer.n tl_erlnes showeq that the peak predicted depth averageodf material equivalent to 100% of the internal volume of the pile, or that the full burial depth may not
SSC were reasonably similar to those for individual foundations; and

_ ) -, _ ) _ been achieved in this example.
1 Changes in SSC asgecavith drilling for jacket foundations were predicted to be much smaller
compared to those of monopile drilling (SMart Wind, 2015a).

1 Predicted increases in depth averagettcations of more than 10 mg/l arising from monopile
drilling activities were predicted to extend 2.5 to 8 km. Predicted peak inciazseg@ddepth
concentration in the close vicinity of the works were in the-féflongif; 90

4.3.2.4 The evidendmse does not presently include many measurements of SSC resulting from drilling
operations for monopilgmpile installation. This is due to the relatively small number of occasions that
such works have been necessary.

4.3.2.,5 Limited evidence from the field is provided by trendysagonstruction monitoring of monopile
installation using dhiilve metids into chalk at the Lynn and Inner Dowsing offshore wind farms (CREL,
2008). However, tipeology ahe Hornsea Three array ardifferent to that at Lynn and Inner
Dowsingndthe foundation dimensions and drilling apparatus will likelyrathe étiersea Three
array area, it is also not yet known how theedrithettary urwidll disaggregate. All of the above
factors limit the extent to which the Lynn and Inner Dowsing monitoring evidence can be considered to be
indicative of the posed construction activities for Hornsea Three.
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Maximum design scenario for sediment release by drilling turbine monopiles

The greateSSCand thickness of sediment deposition as a result of fully drilling (100% of the
of) a singkeirbinegnonopile fouatibn is assessed for the largest diameter momopflén{ Egabed

Parameter

Maximum design scenario

Working and other assumptions

penetration depth, drilling rate Gbr)mbip to 160 suchbindoundations might be installed within

Up to 10% of 160 turbine monopiles will be f

the Hornsea Three array area with a minimum spacingmittd@dto grod conditionsnly up
to 10% of the total numbemrbindoundations might be fully drilled (100% of the monopile volum

The distribution of grain/clast sizes in the drill arisings is not known in advance, so results a

separately for scena where 100% of the material is assumed to be either fines, (medium)
(coarse) gravel sized. In practice, depending on the actual ground conditions and drilling tog

distribution of grain/clast size in the spoil will be someixtaralmé these with a corresponding
intermediate duration, extent and magrcheiegef

The maximum design scenario for sediment releasaurpidetiogopiles is characterisédble
4.1.

The maximudesign scenario for sediment release by drilling accommodation platform mon
characterised Tiablet.2.

The maximum design scenario for sediment release by drilling pin piles for offshore HVA
substation piled jacket foundations is charact€ebéd. 8

The maximum design scenario for sediment release by drilling pin piles for offshore HVDC(
substation piled jacket foundations is chachiciEgisied.4.

The maximum design scenario for all sediment release by drilling of 16 turbiiadledd)ppiles

three offshore accommodation platform mohaipiéd<) 12 offshore HVAC collector substation

piled jacket foundatiorab{e4.3) and three HVDC substation piled jacket fouriddtiefd) (is
summarised Trabled.5.

abovehe vater surface

19

Number of turbine monopiles to be dr 16 drilled
e{;i_ameter of monopile 15m 100% of the monopile internal area will be di
rgeﬂF(SRﬁtboé'cfjepth of monopile 40m Equal tthe depth of drilling
Siijote_il oolume oirednll arisings from one 7.0691? 15m diameter, 40 depth
ISR P
Total volume of drill arisings from all { 113.097 fn 7 0691F x 16 turbine foundations
monopiles ' '
Sediment mineral density 2,65kkg/nd Assumed value for quartz sand (Soulsby, 19
Total mass of drill arisings from one t 7,061 x2,65%g/
ill arisi \
monopile g 18,732,85Kg Assuming the drilled material is fully consoli¢
opiles is with minimal voids
Total £ dril arisi frombikt 113,097 #x 2,65kg/M
otal mass of drill arisings fro ul
i g 299,725,60@ Assuming the drilled material is fully consolic
Cfngg?f%gtsor with minimal voids
Drilling rate 0.5m/hour 80 hours to install 1 monopile @i®ided by 0.5
L m/hour)
C-converer
15m diameter, 0.5 m/hour =188t =
. . . 0.02577/s x2,65Kg/n
Sediment release rate whilst drilling 65 ly/s _ _ - _
Assuming the drilled material is fully consolic
with minimal voids
. . . Assumed value for a typical, medium sorted
Consolidated packing density 0.6 (Soulsby, 1997)
Total (consoliga) volume of drill arisir| 3 i
from one turbine monopile 11,782 m? 7,069 m? divided by 0.6
Total (consolidated) volume of drill ar 3 i
from all turbine monopiles 188,495° 113,097 m? divided by 0.6
Assumed valiiesedimerit released at above
the water surface in an area approximately €
Area over which sediment is releasec 177 m2 the area of the drilled hole (15 m diameter).

larger value will increase initial dispersion, d
SSC and reduce the thaskrof subsequent
deposits andce versa
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Tabled.22 Maximum design scenario for sediment release by drilling accommodation platform monopiles Tabled.3: Maximum design scenario for sediment release by drilling pin pilefstfore HVAC collector substation piled
jacket foundations
Parameter Maximum design scenarig Working and other assumptions
Parameter Maximum design scenarig Working and other assumptions
Number of turbine monobiles to be di 3 Up to 100% of 3 accommodation platform mo
P will be fully drilled Up to 100% of pin piles for 12 offshore HVAC
Number of offshore HVAC collector I ubstati iled iacket foundati il
] ] . ] ] bstation piled jacket foundations 12 co ectpr station piled jacket foundations wi
Diameter of monopile 15m 100% of the monopile internal area will be dril su fully drilled
Penetration depth of monopile 40m Equal to the depth wifidg Number of legs per foundation 6
Total volume_of drill arisings from one 7,067 15m diameter, 40 depth Number of pin piles per leg 4
accommodation platform monopile
Number of pin piles per foundation 4 pin piles per leg x 6 legs
Total volume of drill arisings from all . . Pinp P 24 Pinp P 9 9
. . 21,207 A 7,069m8 x 3 accommodation platform foundatic ] L . i i
accommodation platform monopiles Diameter of pin pile 4m 100% of thein pile interraiea wlibe drilled
Sedimetmineral density 2,65kg/m Assumed valter quartz sand (Soulsby, 1997) Penetration depth of pin pile 70m Equal to the depth of drilling
7,069m8 x 2,65kg/M 0 oariai -
Total mass of drill arisings from one _ g o _ Total volume of drill arisings fropirone 880N# 4m diameer, Dm depth
accommodation platform monopile 18,732,85ky Assuming the drilled material is fully consolidg pile
minimal voids Total vol ¢ drill arisi troim all
otal volume of drill arisings frpin a _—
o 21,207 x 2,65kg/m piles for one foundation 21,11ar 880nF x 24 p piles
Total mass of drill arisings from all 56198 5 . : L .
accommodation platform monopiles 198,556 Assym||ng t.Ee drilled material is fully consolidz Total volume of drill arisings from all | 953 338 21,112r8x 12HVAC collector substation piled j
minimal voids piles for all foundations ’ foundations
Drilling rate 0.5m/hour r8n(;hhooul:’;S to install 1 monopile @0ided 5 Sediment mineral density 2,65kg/m Assumed value for quartd $8oulsby, 1997)
15m diameter, 0.5 m/hour =r&8t = 0.0268/s Total mass ofiliiarisings framne pin pile 880n? x 2,65kg/m
Sediment rel o whilst dril x 2,65kg/M for aroffshore HVAC collector substat 2,332,00Rg Assuming the drilled material is fully consolidg
ediment release rate whilst drillin iled jacket foundation ini i
g 65 kgfs Assuming the drilled material is fully consolidg pred] 5 I minimal voids
minimal voids Total mass of drill arisings from all pir 21,112r8x 2,65kg/M
Consolidated packing densit Assumed value for a typmaédim sorted sand forone offshore HVAC collector subst 55,946,80Ky Assuming the drilled material is fully consolid
onsolidated packing density 0.6 (Soulsby, 1997) piled jacket foundation minimal voids
Total (consolidated) volume of drill ar, Total mass of drill arisings from all pir 253,338 #x 2,65kg/nd
from onaccommodation platform 11,782 m? 7,069 m? divided by 0.6 for all offshore HVAC colledbstation 671,345,706 Assuming the drilled material is fully consolide
monopile piled jacket foundation minimal voids
Total (consolidated) volume of drill ar 3 divi . 140 hours to install one pin pifa (idded by 0.5
from athccommodation platforamopiles 35,343n° 21,201n? divided by 0.6 Drilling rate 0.5m/hour m/hour) pin pifa &7 Y
Assumed valiilesedimeris released at above 4m diameter, 0.5 m/hour #7188 = 0.0017&/s
the water surface in an area approximately eq x 2,650kg/M
Area over which sediment is releasec 177 m2 the area of the drilled hole (15 m diameteg. U Sediment release natalst drilling 4.6 kgls ) . oo .
abovehe water surface m larger value will increase initial dispersion, de A;s_ummg t_he drilled material is fully consolidg
SSC and reduce the thickness of subsequent minimal voids
deposits andce versa Assumed value for a typi
. . . ypicaiumesbrted sand
Consolidated packing density 0.6 (Soulsby 9B7)
Total (consolidated) volume of drill ar
from one offshore HVAC collector 35,187 m3 21,112n3 divided by 0.6
substation piled jacket foundation
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Parameter Maximum design scenaric Working and other assumptions Parameter Maximum design scenario Working and other assumptions
Total (consolidated) volume of drill ar Total mass of drill arisings from all pir 253,338 ix 2,65kg/n
frpm a" offshore HVAC collector subg 422,230n3 253,338 m? divided by 0.6 for all tfishore HVDC converter substg 513,999’1]@ Assuming the drilled material is fU”y consolide
piled jack foundations piled jacket foundation minimal voids
Assumed valilesedimeris released at above ; . i
- 140 hours to install one pin pita (iidided by 0.5
the water surface in an area slightly larger tha Drilling rate 0.5m/hour m/hot) pin pife (0 y
Area over which sediment is releasec 20 m2 area of the drilled holm(8iameter). Using a larg
abovehe water surface m value will increase initial dispersion, decrease 3.5m diameter, 0.5 m/hour # &8 =
and reduce the thickness of subsequent depo Sedi ¢ rel te whilst dril v/ 0.00134r¥/s x2,65kg/M
i ediment release rate whilst drillin 35 ) ) o _
vice versa g g's Assuming the drilled material is fully consolide
minimal voids
Tabled.4: Maximum design scenario for sediment releaséllaygdpin piles for offshore HVDC converter substation piled Consolidated packing density 0.6 (Ass(jlljlr:bed \{gg% for a typicalumesbrted sand
jacket foundations y:
Total (consolidated) volume of drill ar
Parameter Maximum design scenarig Working and other assumptions from one offshore HVDC converter 80,817 m? 48,490n° divided by 0.6
substation piled jacket foundation
Number of offshore HVDC converter Up to 1t00% gf tpl'? pile_sl fgr.A' ffbtlfm Cd i Total (consolidated) volume of drill ar
substation piled jacket foundations 4 fol{“’gr.”er dS“ station pried jacket foundations from all offshore HVDC edew 323,270n3 193,962 m3 divided by 0.6
ully drille substation piled jacket foundations
Number of legs per foundation 18 Assumed valiissedimeris released at above
Number of pin il | the water surface in an area slightly larger tha
Umber ot pin pries perieg 4 Area over which sediment is relatmec 20 m2 area of the drilled hole (5 m diameter). Using i
. : Lo abovehe water surface value will increase initial dispersion, decrease
Number of pin piles per foundation 72 4 pin piles per leg x 18 legs and reduce the thickness of subsequent depo
Diameter of pin pile 3.5m 100% of the pipile internal area will be drilled vice versa
Penetration depth of pin pile 70m Equal to the depth of drilling
'Fl)'itljéal volume of drill arisings from one 673 3.5m diameter, 70 depth Table45:  Maximum design scenafa total sediment release by drilling for all foundations
ill arisi Parameter Maximum design scenarig Working and other assumptions
T_otal volume of drill arisings from all | 4849017 673mF x 72 pin piles g g p
piles for one foundation
— : : 113,097 #fior 16 turbines, 21,2G7omthree
Total volume of drill arisings from all | 193.962 in 48,490m¢ x 4 HVDC converter substation piled Total volume of drilled sediment arisil 581 604 7 offshoreaccommodation platfo2s8,338 #for 12
piles for all foundations : foundations from all foundations : offshore HVAC collector substatial@396L #n
. . . for four offshore HVDC converter substations
Sediment mineral density 2,65kg/m Assumed value for quartz sand (SA918By,
Total mass of drilled sediment arising . . .
Total mass of drill arisings from one [ 673mfx 2,65(kg/m all foundations 1,541,268,966 kg 581,604 #x (sediment mineral dey®j65kg/m
for an offshore HVDC converter subs 1,784,71R Assuming the drilled material is fully consolida
iled iacket foundation g >suming y 9 . . 1,541,268,966 kg divided by (sediment miner:
piled | minimal voids Total (consolidated) volume of drill ar : . ;
from all foundations 969,340 m3 dens!ty2,650<g/néi divided by (consolidated pac
Total mass of drill arisifigm all pin pilg 48,4907 x 2,65kg/m density) 0.6
for one offshore HVDC converter 128,499,774y Assuming the drilled material is fully consolids
substation piled jacket foundation minimal voids
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4.3.2.15 It is noted thdtet greatest rate of sedimalrtise (65 kg/s) is associated with drilling of monopi#8.2.19 Levels of SSC and the estimated area and average thickness oflsesisnegsiitiiicg from drilling
Drilling of pin piles results in a much smaller rate of release (order of 3.5 to 4.6 kg/s) assuming 100% of the drill arisings are sands or gravels afiabl&wifioira single largebine
or accommodation platfoonopile foundationfailet.8 for a single large offshore HVAC collector

4.3.2.16 Levels‘of SSC resulting from Fer"Ing of.the different foyndatlon types (with differest) rates of relea substation piled jacket foundation: Bablgho for asingleHVDC substation piled jacket foundation
assuming 100% of the drill arisings are fines are shown in
4.3.2.17 Tabled.6for the range of dispersion scenarios listed below.
Tabled.7.  Suspended sediment concentration and sediment deposition as a result of drilling 100% of the volume of one
1 Source concentratiothapoint of releagmtal massvenly dispersed in a voldmater 1t turbineor accommodation platfommonopile foundation (100% drill arisings as sands or gravels)
wide, 10n length, h depth
§  Vertical diffusion to 5 m, 20 m lateral spread in footprint dimensions (@Oeseicoitelstier Curatior o D'IStance Maximum Area of thA\;erage f
uration o ume ICKNness O
release, 7.5 to dbdownstregm Sediment | Waterepth | Settlingrate I ad > db mass in seabed .
1 Vertical diffusion to 15 m (from surface to approximately half wilendafethgl spread in Type (m) (mis) settiement VECte Y| suspension | deposition dsea e
footprint dimensiofigefotenminutes after release, 75 torl&6wnstredmand () peakeurrent (ka) ) eposition
1 Vertical diffusion to 25 m (approximately full water column, so affecting the seabed), 10 (m) (m)
spread in footprint dimensions (30 miterteslease, 4&0downstream). 25 500 250 32,520 10,972 1.07
o f 4 d g f o el f | arssesson 40 0.05 800 400 52,033 25,962 0.45
4.3.2.18 The approximate timeframe and distance downstream from the point of release for each|d¥pérsa :
p.p L . ) P . . 55 1,100 550 71,545 47,256 0.25
scenario is indicated, based on the representative rates of settling, lateral dispersion and current speeds - 400 00 Lo - 016
previously descihie paragragh3.1.3 i /05 859 :
25 50 25 3,252 498 23.63
40 80 40 5,203 1,063 11.08
100% Grave 0.5
Table46: Suspendededimentoncentration as gesult ofdrilling (1009l arisings asfines) 55 110 55 7,154 1,828 6.45
70 140 70 9,106 2,791 4.22
Turbineor offshore HVAC substation HVDC substation Area of
accommodation platrm piled jacket piled jacket Diameter of : : : Area of near
: i ) - ) - : . midwater Midwater diameter of Nearbed
monopile foundations | foundation Pin pile§ foundation pin piles| Sediment | Water depth] midwater bed SSC
SSC average SS( nearbed SSC| average SS(
] type (m) SSC : . influence
Rate of sediment release (kg/s) 65 4.6 35 : influence (mgll) influence(m) (mag/l)
influence(m) (m®
Total mass released into receiving water (kg) 2,600 184 140 (m?)
Representative currenpeed (m/s) 0.25 25 19 283 4,601 25 482 2,701
100% Sand 40 27 588 2,213 37 1,053 1,235
Plumewidth | Plumedepth i b San
Plumesection Resulting SSC (mgl) 55 36 1003 1,297 48 1,846 705
length
(m) (m) ength(m) 70 44 1,529 851 60 2,859 4565
10 1 26,000 1,840 1,400 25 9 70 1,867 11 99 1,309
40 12 114 1,137 15 177 736
20 5 0 2,600 184 140 100% Grave
50 15 347 o4 18 55 15 170 764 19 276 471
7 17 237 4 22 27
100 o5 104 8 6 0 3 249 398 3
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Tabled.8: Suspendededimentoncentration andedimenteposition as aesult ofdrilling 100% of theolume obne Tabled.9: Suspendededimentoncentration andedimenteposition as aesult ofdrilling 100% of theolume obne HVDC
offshoreHVAGCcollectorsubstationpiled jacketfoundation, 24in piles (100% dll arisings as sandsr gravels) substationpiledjacketfoundation, 7pin piles (100%lrill arisings assands omgravels)
Distance . Average Distance . Average
. Maximum Area of ; . Maximum Area of ;
: : Duration of plume : thickness of : : Duration of plume : thickness of
Sediment | Watedepth | Settlingrate mass in seabed Sediment | Waterdepth | Settlingrate mass in seabed
settlement | advected by : - seabed settlement | advected by : - seabed
type (m) (m/s) suspension | deposition > type (m) (m/s) suspension | deposition »
(s) peakcurrent deposition (s) peakcurrent deposition
(kg) (m9) (kg) (n?)
(m) (m) (m) (m)
25 500 250 2,313 45,972 0.77 25 500 250 1,771 60,972 1.33
40 8 400 3,700 81,962 0.43 40 800 400 2,833 105,962 0.76
100% Sand 0.05 100% Sand 0.05
55 1,100 550 5,088 124,256 0.28 55 1,100 550 3,895 157256 0.51
70 1,400 700 6,475 172,855 0.20 70 1,400 700 4,958 214,855 0.38
25 50 25 231 3,998 8.80 25 50 25 177 5,498 14.70
40 80 40 370 6,663 5.28 40 80 40 283 9,063 8.92
100% Grave 0.5 100% Grave 0.5
55 110 55 509 9,528 3.69 55 110 55 390 12,828 6.30
70 140 70 648 12,591 2.79 70 140 70 496 16,791 4.81
. Area of . Area of
Diamegr of : . : Area ohear Diameter of , : : Area ohear
: : midwater Midwater Diameter of Nearbed : : midwater Midwater Diameter of Nearbed
Sediment | Watedepth midwater bedSSC Sediment | Waterdepth midwater bed SSC
SSC average SSC nearbedSSC| average SS( SSC average SS{ nearbed SSC| | average SS(
type (m) SSC : : influence type (m) SSC : . influence
: influence (mg/l) influence(m) (mgll) : influence (mgll) influence(m) (mag/l)
influence(m) (md) influence(m) (m®
(?) (P
25 19 283 327 25 482 192 25 19 283 250 25 482 147
40 27 588 157 37 1,053 88 40 27 588 120 37 1,053 67
100% Sand 100% Sand
55 36 1003 92 48 1,846 50 55 36 1,003 71 48 1,846 38
70 44 1,529 60 60 2,859 32 70 44 1529 46 60 2,859 25
25 9 70 133 11 99 93 25 9 70 102 11 99 71
40 12 114 81 15 177 52 40 12 114 62 15 177 40
100% Grave 100% Grave
55 15 170 54 19 276 34 55 15 170 42 19 276 26
70 17 237 39 22 398 23 70 17 237 30 22 398 18
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4.3.2.20 Estimates of the area and average thickness of sediment deposition are provided in the precedingltdtsésd Alternativepotential extents and thicknesses of sediment deposition as a resuihgffdtihdations.

4.3.2.21

ol

based on the approxerfaotprint of the plume and tidal advection factors. The extent, thickn
shape of sediment deposits on the seabed will be highly variable in practice. However, giv
volume of sediment, a range of potential alternative combinatialesileéedb&or a given volume
of sediment, a smaller area of extent will correspond to a greater thickness of accumulatio
versa. A steeper sided cone shape deposit will have a greater thickness and acérmatjer areg

than a less steepeil cone or flat deposit shape. A range of possible value combinations are

inTablet.10 The table demonstrates the changing spatial scale of the impact between two end
of: (i) maximum possilkktiess (although also the smallest footprint or extent of impact); and
most extensive accumulation (tolasgtrttdtkness of Orp

More concentrated and localised deposits (associated with coarse gravels and large clastic m
assimed to deposit naturally into a cone shape where the maximum thickness is in the ce

deposit and decreases linearly to zero at the edges. Operationally, very thick deposits may
navigation or other engineering considerations and sot\Wwe planned or allowed to occur. Th
greatest possible thickness (at the central point of the cone, also corresponding to the small
area) is associated with a cone that has the steepest possible(séopbeangtfe of repose for

such loose sediment329. The height of cones withatvdthreetimes the extent of the steepest
coneare provided for comparison. The largest possible areas impacted by uniformly d

thicknesses of 0.5 m, 0.25 m and 0.05 m (more likegdasgbcgand sized material) are also
provided (making no assumptions regarding the shape of the area).

24

Nominal diameter of influence (m) as a resu
: : Deposition drilling for one foundation (and the area o  Thicknessf
Foundation type / operation _ _ _ : _
scenario influence of all foundations as a proportion| deposit (m3
theHornsea Threarray area, 69617)
provided 52(0.00%) (steepest) 164
rBﬁlmlBeorﬁargest monopile for 10 % Cone 105(0.@%) 4.1
(igdladine (7069 drill arisings per 157(0.01%) 18
foundatigrequivalent volume when
deposited at seabed = Pl(F&sed on Unit 173(0.®%) 0.5
' sity 0§)0.6 niform 0
FEALALHENSTY 090 el 245(011%) 0.25
affect safe 75(0.01%) (steepest) 23.6
aDrilling for 12 HVAC substation pile| cone 151(0.%) 59
'e}cket fmﬁfﬁations (21 Al 0
e i&ﬁb%sll 24 piles per foundatio 226(0.0r%) 26
equivalent volume when deposited 299(01 2% 0.5
seabed = 35,168 (basedn a packin{ Uniform (0126) '
density of 0)6 . 423(02%%) 0.25
isthb )[/ A thickness
Istrioute 947(1.226) 0.05
100(0.00%) (steepest) 31.1
Drilling for 3 HVDC substation piled cgne 199(0.2%) 7.8
jacket foundations (48 ®0rill
arisings from pies per foundation 299(0.0190) 3.5
equivalent volume when deposited A54(0.®% 0.5
seabed = 80,817 {mased on a packil Uniform (0.806) '
density of 0)6 thickness 642(0.5%) 025
1435(093%) 0.05
52(0.00%) (steepest) 16.4
Diilling of largest monopile for 3 Cone 105(0.00%) 41
accommodation platforms (78@8élim o
arisings per foundatiequivalent 157(0.01%) 18
volume when deposited_ at seabed 173(0.01%) 05
11,78 (based on a packing density { Unform
0.9). thickness 245(0.2%) 0.25
548(010%) 0.05
a Height of peak for cones and average uniform thickness. The dimensions of the steepest cone are provid
the smallest possible area that could be impacted. lisiscadit/regbected that cone deposits of greater thickne
(e.g. >5 to 18) will be allowed to accumulate in practice. All value pairs are part of a continuous scale of p
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4.3.2.22 The spatial pattern and magnitude of elevatedds&sSodied levels of depositdung to drilling 4.3.2.25 Combining the separately determined results for fines, sandsaamtitgeawadier evidence base,
for foundation installation were estimated using numerical rHodediesgPooject GmeHornsea andassuminghat amixture ofesliment grasizeswill bgresent, including a significant proportion of
Project Tw(BMart Wind, 2612015, see Figure4.3, Figure4.4 andFigured.5). The following fines, the overall spatial pattetranfelue to drilling is summarised as follows:
observations (based on the spreadsheet based numerical model results) are consistent with the previously

modelled patternsabfangein Hornsa Project OnandHornsea Project Tveamilarly modelled
patterns ahangén assessments for other wind farms, and the wider monitoring evidence base.

SSC of low tens of mg/l will be present in a narrow plume (tens to a few hundrées of metres w
up to one tidal excursion in length (~7 km on spring tides and 3.5 km on neap tides) aligned to
tidal stream downstream from the source;

4.3.2.23 In summarpased othesite specifeeparately determimesults for fines, sands and grarels f If drilling occurs over more than one flood or ebb tidal period, the plume feature may be presel
the wider evidence haseresulbf drilling for foundation installation on SCC (relative to ambient levels) both dowmiseam and upstream directions;
is characterised as follows: 1 Outside of the area up to one tidal excursion upstream and downstream of the foundation loca
. , . . SSC less than 10 mg/l may occur more widely due to ongoing dispersion and dilution of materie
1 SSC will be increased by tens to hundreds of thousands of mg/l at the point of sediment releaseﬂ The majority of gra\?el anﬁ sizedl sediment 3/“” be depgsitegcli topthe seabed within tens to
hich is at orareth t face; . . o .
W IC. s a (.)r e.wa. gr suriace, . . . . ... hundreds of metres from the source, respectively, resulting in seabed deposit thicknesses in
1 For fine grained drill arisings, SSC will rapidly decrease through dispersion to low tens of mg/l within order of tens of centimetres thick in this area. A larger proportion of such meteniahin the plu
the order of hundreds of.met.er.s from the po_lnt of release; . result in SSC reducing more rapidly in this region and reducing the length or extent of the plt
1 For sand and gravel drill arisings, SSC will decrease to hugdréntsalyf mhen drilling feature overall: and
monopiles, or only tens of mg/l when drilling pin piles, in the relatively short time before the sedime?[t Sufficiently fin(; sediment may persist in suspension for hours to days or longer, but will becc
'S dep03|.ted 0 th? seabed; and o . diluted to very low concenmig{etmg/l, indistinguishable from natural background levels and
1 Sands will deposit to the seabed (no longer contributing to SSC) within hundfetie of metres o

4.3.2.24 In summarpased on the site specific sebhaddtermined results for fines, sands and gravels, and

the

characterised as follows:

T

variability) within timescales of around one day. Fine grained material will be dispersed widely w

source, and gravels likewise within tens of metres. The horizontal diameter of the sand or gravel the surrounding region and will not settle with measurable thickness.

plume footprint within the water column and on the seabed is likely to be in the order of tens of

metres. 4.3.2.26 If drilling, @ny other activity causing sediment disturbance, is undertaken simultaneously at two or m
locations that are aligned in relation to the ambient tidal streams, then there is potential for ove
between the areas of effect on SSC and sediment.dEpegtient on SSC in areas of overlap will

be additive if the downstream activity occurs within the area of effect from upstream (i.e. sedime
disturbed within the sediment plume from the upstream location). The effect on SSC will not be adk

Deposits of mainly coarse grained and clastic sediment depositemtifategiavithin an area (ie. the effects will be as described for single occurrences only) if the areas of effect only meet or ov
in the order of 25 to 100 m downstream/upstream and a few tens of metres wide from individuaflownstream following advection or dispersion of the effects. Effects on sediment deposition will be ac
foundations, withaverage thickness in the order of one to ten metres (limited to realistically likely If @nd where the footprints of tiesiteepverlap. Given that the minimum spacing between foundations
values); is 1000n, it is unlikely that sands or gravels put into suspension will be dispersed far enough (i.e. betw
Deposits of maingndy sediment deposits will be concentrated within an area in the order of 200 2djacent foundation locations) to cause any overlapping effects bdépesiemdoréne seabed.
Only relatively fine sediment is likely to be advected far enough to potentially cause overlapping ef
on SCC.

wider evidence hasediment deposition as a result of drilling for foundation isstallation

to 700 m downstream/upstream and tens to one hundred metres wide from individual foundation
with an average thickness in the order of tens of centimetres to one metre; and
Fire grained material will be dispersed widely within the surrounding region and will not settle withy ssessment of changeornsea Thredfshorecablecorridor

measurable thickness. _ 3 _
4.3.2.27 Up to four offshore HVAC booster stations mayebewitkialltheffshore HVADostestation

searchaerea using piled jacket foundation. Depending on the nature of the underlying geology, the jac
foundation pmiles may require drilling.

4.3.2.28 The maximum design scenario for sediment release by diidsdopioffshore HVAC collector
substation piled jacket foundations is characiEaisied 14
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Tabled.11 Maximum design scenario for sediment releaselliygdpin piles for offshore HVAGoster statiompiled jacket : : : .
foundations Parameter Maximum design scenar Working and other assumptions
_ _ _ _ _ Total (consolidated) volume of drill ari
Parameter Maximum design scenari Working and other assumptions from all offshore HV#@ster statiqguiled 140,747m3 84,448 m3 divided by 0.6
jacket foundations
Number of offshore HWAGster station Up to 100% of pin piles for 4 offshorebbid4se€ —
piled jacket foundations 4 statiorpiled jacket foundations will be fully drillg Assumed valiisedimerit released at abovéhe
water surface in an area slightly larger than th
Number of legs per foundation 6 Area over which sediment is released 20 m? of the drilled hole (5 m diameter). Jsirger valu
— abovehe water surface m will increase initial dispersion, decrease SSC
Number of pin piles per leg 4 reduce the thickness of subsequent deposits ¢
versa
Number of pin piles per foundation 24 4 pin piles per leg x 6 legs
Diameter of pin pile 4m 100% of the pin pile internal ailebendrilled
R 't the denth of drll 4.3.2.29 The potential for increases in SSC as a consequence ofsimilagffsmore HVAC collector
Penetration depth of pin pile 70m Equalto the depth of drilling substatiofoundations the Hornsea Three array @rdascribed ithepreviousectionincluding
Ticlyéal volume of drill arisings from one - 4m diameter, 70 depth specmc rgsults‘l‘lable4.8: The overall plume charactgrlstlcs described for the Hornsea Three array area
P will remain broadly valithinffshore HVA®ostestatiorsearchereg because:
Total volume of drill arisings from all ¢ .
piles for one foundation 21,112 880mPx 4 fles per leg x 6 legs 1 The number and dimensions of pin piles for HVAC collembstearstatiopiled jacket
Total volume of drill arisings from all g 84.448 i 21,112r8 x 4 HVA®ooster statigiled jacket foundation(eence the total volume of sediment djstmdbeite assumed drillinggate same
piles for all foundations ’ foundations withirthe Hornsea Three array area and offshore HVAC booster station search area; and
Sediment mineral density 2,650kg/n Assumed value for quartz sand (Soulsby, 199 1 The analyscarried out for the Hornsea Threarmahgisconsidered a range of 'end member'
S80MF x 2. 650k sediment characteristics, capturing the full vatge adpths asddimenrtypegfines, sands
Total rass of drill arisings from one pir X2, g . . . . . ..
-~ and gravelgjhich could be encountéredarying proporticatsiny drill locationthe offshore
for an offshore HVBd@Dster statigiled 2,332,00Rg Assuming the drilled material is fully consolida g ) % @ ying prop y
jacket foundation minimal voids cablecorridar
Total mass of drill arisings from all pin 21,1128 x 2,650g/m 4.3.2.30 The highepeakflow speeds within dffshore HVAIDostestationsearcharea compared with the
for one offshore H\i#dbster statiquiied 55,946,80Ky Assuming the drilled material is fully consolida Hornsea Three ayrarea means that it is possileltime extentsay beslightly greater than
jacket foundation minimal voids L. .. . )
reported for the array area under certain tidal cdholiiewer, the greater dispersion would also
Total mass of drill arisings from all pin 84,448 fx 2,65kg/nd mean lower overall levels of SSC within the plume.
_for all offshore_ HVBdbster statipiled 223,787,206y Assuming the drilled material is fully consolida
jacket foundation minimal voids 4.3.2.31 The potential faabed sediment deposits to accumulate as a consequence sihafdlifigiore
Oril t " 140 hours to install one pin pite @idded by 0.5 HVAC collector substation foundations in the Hornsea Three array area is described in the prev
riffing rate . . . . g
g 0.5m/hour m/hour) section, including specific restiiébiat.8 andTabled.10 For example:
4m diameter, 0.5 m/hour B8 = 0.00148/s . . . . .
_ N x 2,650kg/M T If 21,112 #of material were displaced during the installationffshome HVAC collector
Sediment release rate wdriting 4.6 kais Assuming the drilled material is fully consolida substation piled jacket foungaticarea measurit@g, 7172 (naminall39m x839m) could
minimal voids potentially beoveredy an average 6f05 m of mater{assuming a packing density of the
, , : Assumed value for a typical, medium sorted s deposited material of; @6y
Consolidated packing density 0.6 . . . .
(Soulsby, 1997). 1 A greater thickness of material will lead to a smaller area ofviowaetsa#dr example, a
Total (consolidated) volume of drill ari; 0.01 maverag¢hickiessdeposit would affect an iveames larger than discussed abare for
from one offshore H\b&Gster station 35,187 m3 21,112n3 divided by 0.6 averagelepositiothickness 05 m.
piled jacket foundation

26 ‘ rsted
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4.3.2.32 Ifdrillingor any other activity causing sediment disturbance, is undertaken simultaneously at twWd3d3.Bor@ e evidenebase with regardsdtedgig and elevated levelsS&C is broad and well established

4.3.3

4331

4.3.3.2

locatias that are aligned in relation to the ambient tidal streams, then there is potential for overlapthrough a variety of monitoring and numerical modelling studies. The following text from the UK M
between the areas of effect on SSC and sediment deposition. The jotabiiztfionieffects on SAC Projeatrfvw.ukmarinesac.orpisikepreségtive of the wider evidence base.
SSC and sediment deposition are discussed in paBag2ph

ADredging activities often generate no more

Seabed preparation by dredging prior to gravity base installation operations, bottom fishing or generated during severe stetrais 1Pa8). Furthermore, natural
events such as sta; floods and large tides can increase suspended sediments over much larger area

Summary for longer periods than dredging operations (Environmgl@®nHdsitherefore often very difficult
To provide a stable footingréoiity base foundajastandard dredging techniques will be used to to distinguish the environmental effects of dredging fesultingseom natural processes or normal
remove or lower theeleof the mobile seabed sediment veneer within a footprint slightly larger than the havigation activities (Pennekaabip1996).
gravity base foundabasg. Dredglhg has the potential to cause elevated SSC bgyesqnlment éln general, the effects of suspended sedi me
at tle water surface during dredgidgoy the subsequent releatieeadredged material from the o : - . . .

. . : : . agtlwty) and nd&ld (<1 km from activity). There geoehpalheeds to be concern if sensitive species
dredger during spoil disposal at a nearby location. The subsequent settlement of the sediment disturbe

. : . . . . | ocated in the vicinit of the maintaine
by dredging will lead to sediment accumulation of varying thickness and extent on the seabed. These Y

change are quantiteely characterised in this section using spreadsheet based numerical model$.3.4 Dredging for construction aggregates is a common marine activity on the east coast of the UK. The
mass of aggregate recovered from each regpontésl annually by the British Marine Aggregate

Evidence base Producers Associathipf//www.bmapa)olyis reported that, in 2015, in the Humber dredging region,

Sediment disturbance associategrawity base foundated preparation activities was previously 1.32 million tonnes (~0.62 mif)oof konstruction aggtegeere dredged from a permitted licensed
considered for Hornsea Project One and Hornsea praject uvoenical modellinda(BWind, tonnage of 4.70 million (~ 2.2 miljjanforther 0.20 million tonnes (~0.09 R)illlenenalso dredged
2013, 2015aJhe nature of the sediment disturbance, the sediment type and other environmental for a pipeline project and 0.63 million tonnes (~0.36) widiendnedged for beach nourishment.
conditions are sufficiently similar to that being considered for Hornsea fdriergeLth andiaelling During the same period in the East Coast dredging region, 4.47 (~2)1milidliciormes of
is considered provide directly relevant evidence in thisTiegahtial pattern and magnitude of construction aggregate were dredged from a permitted licensed tonnage of 9.adlhatlién (~4.35

elevated SSC (and associated levels of depositiogyatty tmase foundatoma preparation
activitiesvithin the Hornsea Project Two arragrarshown irFigured.6 andFigure4.7, and
summarised below:

4.3.3.5 Fromtheabove, the total volume of construaiothan aggregate dredged in the Humber and East
Coast regions in 2015 is ~8illidn mfrom a permitted licensed volume of ~6.55 fnillon m
comparison, the total volume of sediment to be dredged in the Hornsea Three amé#lioaréa is 2.18

1 Plume extents from the dredgiggafoty base foundaseabed preparation were larger than ower the whole duration of the construction period, which nulhgeargears. It is however noted
those from drilling, agrgdr volume of sediment was released; that sediment dredged as part of construction activities for Hornsea Three will all be returned to the se
1 For gravity base foundatismabed preparation, predicted increases in depth averaged nearby to the dredging location, wkerkament dredged as part of aggregate extraction is removed

concentrations of more than 10 mg/l were predicted to extend 5.5 to 13.5 km from the permanently from the seabed.
dredging/disposal. Predicted peak incnedegihiaveraged concentration in the close vicinity of
the works were in the region of several hundred mg/I;
1 For singlgravity base foundatioinedging the predicted concentration reduces to background
levels within 27 hours after the start ofabe; rele
1 Deposition resulting from the dredging/disgosatydrase foundaieabed preparation was
greater than that from drilling as a larger volume of sediment was released; and
1  The simulations of works for two concurrent turbines showeaktpatdneigd depth averaged
SSCwere reasonably similar to those for individual foundations. Deposits from dredging two
foundations concurrently are similar to those for individual (8Madatmg, 2015a).
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Assessment of changornsea Thremrrayarea Parameter Maximum design scenario Working and other assumptions
4.3.3.6 The greate§SCand thickness of sediment deposition as alvesuttreparation by dredyp
. g . . . P . . Urep y dtglmg lidated kina densi Assumed value for a typical, medium sorted s
singleturbinefoundation is assedsfor the largest diametawity base foundat{dredge pit Consolidated packing density 0.6 (Soulsby, 1997).
dimensions Gddiamete2 m depth)y to 160 sudhrbindoundations might be installed within th 5,845 M 2,65(kg/Mx 0.6
Hor.nsea Three .a.rray area with a minimum spaﬁm@;noﬂ' the greatest S.SC qnd thiskaks Total mass of sediment to dredge Only a fraction of this material will be released
sediment deposition as a result of bed preparation by dretiglrigdouatiations is assessed for | onelarge turbirgravity base 9,293,550 kg dredge ovespill. The remainder will be deposite
the greatest total volume of sediment disturbance, associated with the smgtgtydzaseter | foundation the seabed nearby, within the Hornsea Three
foundatiofdredge pit dimensiédsn dianeter, 2 m depth); uBd@suchturbindoundations might area
be installed within the Hornsea Three array area with a minimun0§fating of 1 The dredging will be undertaken by a trailer sy
Dredger hopper capacity 11,@0 m3 hopper dredger (TSHD) with an assumed
4.3.3.7 The distribution of grain/clast sizes in the dreelgjmitiand spoil release plumes is not known in representative hopper capacity of 11,000 m?
advane, so results are provided separately for scenarios where 100% of the material is assyrBeavitebenumber of dredging cyq
either fines, (medium) sand or (coarse) gravel sized. In practice, depending on the actu%)fﬁggg%ﬁrga”rb'”@rav'w base 0.5cycles 5,845 mdivied by 11,000 m
conditions and dredging vessel used, the distribunéciastt giae in tbeerspilland spoil will be
some variable mixture of these with a corresponding intermediate duration, extent and magHifl#§esggiment esgill release raf 30 kgls Assumed value
change Time to fill dredger 4 hours Assumed value
4.3.3.8 The maximum design scenario for sediment release by ground preparaticnsi irgefor | Total mass of owsgpilled sediment i
_ _ g _ al y g prep siingitizinge from dredging dlaege turbirgravity 216,000 kg 30 kg/s R.5 cycles x 4 iew 60 min/hour x 60
turbinggravity base foundattocharacterisedlablet.12 base foundation s/min
Total (consolidated) volume of ove
spilled sediment from dredging ong 136 m3 216,000 kg divided2b§5kg/m divided by 0.6
Table4.12 Maximum design scenario for sediment release by ground preparation dredging fortarignargeavity base large turbirgravity base foundation
foundation Assumed valiissedimerntverspill is released at
. . . J the water surface in an area approximatety100
Parameter Maximum design scenario Working and other assumptions Qrg aglleerrsvmflgzesed|ment s releas 100m2 m = 106n2. Using a larger value will increase ir
dispersion, decrease SSC and reduce the thic
The largest volume of sediment disturbed by ¢ subsequent deposits aiod versa
preparation dredging for a singiedigravity base
foundation is associated with the largest turbir
Number déraeturbi itv b gravity base foundation.
foﬂr:daetrion;gbeu:jrg‘c%g 1y base 1(160) Up to 160 large gravity base foundations coulg 4.3.3.9 The maximum design scenario for sediment release by ground preparation dredging for offsh
installed but would lead to a smaller total volu accommodation platform gravity base foundations is charfatees#d in
dredging than the alternative scenario of a gre
?:mgfg‘)sma"er gravity base foundgsees 4.3.3.10 The maximum design scenario for sedieaset by ground preparation dredging for all turbine gravity
base foundations is characteriadbliet.14
Diameter dfredged area 61m
Depth ofiredged area o 4.3.3.11 The maximum Qe5|gn s_cenarlo for sedlment .released by. ground preparation dredging for offshore F
colletor substation gravity base foundations is charadtebkdd
Total volume sddiment to dredge fc
?nelf(ijrg_eturbm@ravﬂy base 5,845m¢ 61m diamier, 2m depth 4.3.3.12 The maximum design scenario for sediment released by ground preparation dredging for offshore I
oundation converter substation gravity base fonadatharacteriseablet.16
Sediment mineral density 2,65kg/nd Assumed value for quartz sand (Soulsby, 199

30




Annex 1.AMarine Processes Technical Annex
Enviromental Statement

Hornsea 3
Offshore Wind Farm

May 2018
Table4.13 Maximum design scenario for sediment release by ground preparation dredging for accommodation platform gr, : : : : :
base foundtions Parameter Maximum design scenario Working and other assumptions
_ _ _ _ _ Total mass of oxggilled sediment frg
Parameter Maximum design scenario Working and other assumptions dredging alccommodation platform 691,200 kg 30 kg/s %.6 cycles x 4 hour80 min/hour x 60 s/m|
gravity base fouridas
The largest volume of sediment disturibedray g _
Number afccommaodation platform 3 preparation dredging for siatileand alfturbine Total (consolidated) volume of ove
gravity base foundations to be dreg gravy base foundatios associated with the large spilled sediment from dredging one 136 m? 216,000 kg divided2t§5g/m divided by 0.6
accommodation platfgravity base foundation. accommodation platfgravity base
foundation
Diameter of dredged area 61m .
Total (onsolidated) volume of-over
Depth of dredged area 2m spilled sediment from dredging all o -
accommodation platfgravity base 435 m3 691,200 kg divided2ty5kg/m divided by 0.6
Total volume of sediment to dredge foundations
oneaccommodation platfgravity 5,84518 61m diameter,id depth - —
base foundation Assumed valiiesedimetoverspill is released at th
Area over which sediment is releas water surface in an area approximateby 10 m =
Total volume of sediment to dredge . . 100 m2 100m2. Using a larger value will increase initial
allaccommodation platfgravity base 17,535 5,845 ﬁhx 3 accommodation platgeity base the water surface dispersion, decrease SSC and reduce the thick
. foundations o
foundations subsequent deposits w@od versa
Sediment mineral density 2,65kg/m Assumed value for quanid ¢&oulsby, 1997).
Consolidated packing density 06 Assumed value for a typical, medium sorted sal Tabled.14 Maximum design scenario for sediment releas_e by ground preparation dredtisgé&dirturbingravity base
(Soulsby, 1997). foundations
Total mass of sediment to dredge f 2845 x2,650kg/nx 0.6
i | . . : . .
oneaceommodation platfgravityg 0,293,550 kg Only draction of this material will be released as Parameter Maximum design scenario Working and other assumptions
base foundation e dredge ovepill. The remainder will be depositeq . .
the seabed nearby, within the Hornsea Three a The greatest totf_:ll volume_of sedlmerjt dlsturt_Jed
ground preparation dredging for turbine gravity |
113,097 #x 2,650kg/Mix 0.6 foundations is associated with3@small gravity
Total mass of sediment to dredge fi i i d ions.
accommodation platfgravity bage 27 880.6 Only a fraction of this material will be released & Number_ of small turbine gravity bas 300 base found_atlons i o
foundations 880,65y dredge ovespill. The remainder will be depositec foundations to be dredged Small gravity base foundations individuayarequ
the seabed nearby, within the Hornsea Three a smaller volume of dredging per foundation than
alternative scenario of a smaller number of largs
The dredging will beartatken by a trailer suction base foundations (Jedbled.12)
Dredger hopper capacity 11,000 m3 hopper dredger (TSHD) with an assumed _
representative hopper capacity of 11,000 m3 Diameter of dredged area 51m
Equivalent number of dredging cyc Depth of dredged area 2m
dredge oneaccommodation platform 0.5cycles 5,845 mdivided by 11,000 m3
gravity base foundation Totd volume of sediment to dredge
one smallrbingravity base 4,08am8 49m diameter,2 depth
Equvalent number of dredging cyclé foundation
dredge adiccommodation platform 1.6¢cycles 17,5358 divided by 11,000 m3 :
gravity base foundations Total volume of sediment to dredge . . :
all smaturbingravity base foundatid 1225,8008 4,0867# x 300small turbine gravity base faondat
Dredger sediment esgitl release ratj 30 kg/s Assumed value
Sediment mineral density 2,65kg/nd Assumed value for quartz sand (Soulsby, 1997)
Time to fill dredger 4 hours Assumed value ] ]
Consolidated packing densit 06 Assumed value for a typical, medium sorted sar
Total massf ovespilled sediment frc P 9 y . (Soulshby, 1997).
dredging oreccommodation platforr 216,000 kg 30 kg/s R.5 cycles x 4 hour80 min/hour x 60 s/m
gravity base foundation
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: : : : : Tabled.15 Maximum design scenario for sediment release by ground preparation dredging for offshore HVAC collector
Parameter Maximum design scenario Working and other assumptions substation gravity base foundations
Total f sedi t 1o dredae f 4,086m#x2,65kg/mix 0.6
otal mass of sediment to dredge i i i i i
one smalrbinravity b 9 6,496,740 Only a fraction of this material will be released 4 Parameter Maximum design scenario Working and other assumptions
foundation R dredge ovepill. The remainder will be deposited Number of HVAC collector substat
seabed nearby, within the Hornsea Three array . . 12
gravity base foundations to be dre
1,289,848 x 2,65kg/Mx 0.6 .
) ) - o Size of dredged area 175mx 175 m
Total mass of sediment to dredge f 1,949,022,000 Only a fraction of this material will be released &
smalturbingyravity base foundations S dredge ovespill. The remainder will be deposited Depth of dredged area om
seabed nearby, within the Hornsea Three array
) ) _ Total volume of sediment to dredg
_ The dredging will be undertaken by a trailer suc one HVAC collector substation gra 61,250rF 175 m witl x 175 m lengtB m depth
Dredger hopper capacity 11,000 m3 hopper dredger (TSHD) with an assumed repre base foundation
hopper capacity of 11,000 m3
) ) Total volume of sediment to dredg .
Equivalent number of dredging cyc N all HVAC collector substation grav 735,001 giff?éfﬁdﬁz\r@c collector substation grav|
dredge one smizitbingyravity base 0.4cycles 4,0867e divided by 11,000 m? base foundations
foundatio
] ) Sediment mineral density 2,65kg/M Assumed value fjuartz sand (Soulsby, 1997)
Equivalent number of dredging cyc
dredge all smalrbingyravity base 111.4cycles 1225,800r¢ divided by 11,000 m3 . . . Assumed value for a typical, medium sorted
foundations Consolidated packing density 0.6 (Soulshy, 1997).
Dredger sediment esgifl release rat 30 kg/s Assumed value 61,250mx 2,65kg e x 0.6
: _ Total mass of sediment to dredge Only a fraction of this material will be releasq
Time tolfidredger 4 hours Assumed value one HVAC co_IIector substation gra 97,387,50€y dredge ovepill. The remainder will be depos
Total mass of owilled sediment frd base foundation the seabed nearby, within the Hornsea Thre
dredging one sntatbingravity base 172,808g 30 kg/s 8.4 cycles x 4 hour80 min/hour x 60 s/m area
foundation 735,000r8 x 2,65kg/M x 0.6
Total mass of owgilled sediment frg , Total mass of sediment to dredge Only a fraction of this material will be releasg
dredging all smatbinegravity base 48,140,501y g?ml?rg]]/s 2114 cycles x 4 hours50 minfhour x 60 HVAC pollector substation gravity 1,168,650,00@ dredge ovepill. The remainder will be depos
foundations foundations the seabed nearby, within the Hornsea Thre
area
Total (consolidated) volume of ove
spilled sediment from dredging one 109m3 172,80@g divided 8;65kg/m divided by 0.6 The dredging will be undertaken by a trailer g
turbingyravity base foundation Dredger hopper capacity 11,000 m3 hopper dredger (TSHD) with an assumed
) representative hopper capacity of 11,000 m3
Total (consolidated) volume of ove
spilled sediment from dredgisgall 30,278m3 48140,50%g divided ®;65kg/nd divided by 0.6 Equivalent number of dredging cyq
turbingravity base foundations dredge one HVAC collector substa 5.6cycles 61,250r8 divided by 11,000 m?3
- ) . gravity base foundation
Assuned valué sedimerverspill is released at th
. . : water surface in an area approximateby 10 m = Equivalent number of dredging cyq
@]ree?vg;/eerrsv:/jr\]:gzesed|ment 's releas 100 m2 100m2. Using a larger value will increase initial dredge all HVAC collector substati 66.8cycles 735,000 divided by 11,000 m?3
dispersion, decrease SSC and reduce the thick gravity base foundations
subsequent deposits aicd versa
Dredger sediment em@il release rat 30 kgls Assumed value
g
Time to fill dredger 4hours Assumed value
Total mass of owgilled sediment .
from dredging one HVAC collector 2,419,200y 30 kg/s x 5.6 cycleshours x 60 min/hour x 6
) . . s/min
substation gravity base foundation
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Parameter Maximum design scenario Working and other assumptions Parameter Maximum desigscenario Working and other assumptions
Total mass of oggilled sediment : 139,552 #ix 2,65kg/Mix 0.6
: 30 kg/s 86.8 cycles x 4 hoxi80 min/hour x 60
from drgdgmg a}ll HVA@cur . 28,857,60kg s/mig y Total mass of sediment to dredge Only a fraction of this material will be releass
substation gravity base foundation HVDG:onverter substation gravity 221,887,680 kg dredge ovepill. The remainder will be depos
Total (consolidated) volume of ovel foundations to the seabed nearby, within the Hornsea TH
spilled sediment from dredging on¢ 1 5o 2,419,200Kgy divided I8;650g/nd divided by array area
HVAC collector substation gravity ’ 0.6 The dredging will be undertaken by a trailer
foundation Dredger hopper capacity 11,000 m3 hopper dredger (TSHD) with an assumed
Total (consolidated) volume of ovel representative hopper capacity of 11,000 m3
spilled sediment from dredging all o - . :
: : 18,1613 28,857,60Ky divided I/65kg/nd divided by 0. Equivalent number of dredging cyq
HVAC collector substation gravity dredge one HVDC converter subst 3.2cycles 34,8888 divided by 11,000 m?
foundations gravity &se foundation
Assumed valilesedimerdverspill is released a| Equivalent number of dredging cyd
Area over which sedimemdémsed a the water surface in an area approximatety 1 dredge all HVDC converter substa 12.7cycles 139,552 divided by 11,000 m3
100 m2 10 m = 10@2. Using a larger value will increa itv b foundati
the water surface T . gravity base foundations
initial dispersion, decrease SSC and reduce
thickness of subseqtideposits awite versa Dredger sediment esitl release raf 30 kg/s Assumed value
Time to fill dredger 4 hours Assumed value
Table4.16 Maximum design scenario for sediment release by ground preparation dredging for offshore HVDC convertertota| mass of owagilled sediment _
substation gravity base foundations from dredging one HVDC converta 1,382,400 kg gf)m'?g/S X 3.2 cycles x 4 hours x 60 min/hour
substation gravity base foundation
Parameter Maximum desigscenario Working and other assumptions : -
Total mass of owpillel sediment 30 kg/s x 12.7 cycles x 4 hours x 60 min/hoy
Number of HVDC ; bsta from dredging all HVDC converter 5,486,400 kg </min
umber o converter subsia 4 substation gravity base foundation
gravity base foundations to be dre
Size of dredged area 08 178 Total (consolidated) volume of ove
m X m i i i
spilled sediment from dredging on¢ 869 m? 1,382,400 kg divide®85Xkg/n divided by 0.
HVDC converter substation ghbagity
Depth of dredged area 2m foundation
Total volume of sediment to dredg , Total (consolidated) volume of ove
one HVDC converter substatioitygr 34,888 i 98 m width x 178 m lengthmd2pth spilled sediment from dredging all o o
base foundation HVDC converter substation gravity| 3,451 m3 5,486,400 kg divide@8bkg/nd divided by 0.6
; foundations
Tﬁtglv\g)gjme of StEd'mini t(t). dredg 34,888 Agx 4 HVDC converter substation gra
N converter substaton gra 139,552 base foundations Assumed valiissedimentverspill is released 3
base foundations . . . the water surface in an area approximatety 1
Area over which sediment s relea; 100 m2 10 m = 102. Using a larger value will increg
Sediment mined&nsity 2,65kg/nd Assumed value for quartz sand (Soulsby, 19 the water surface m initial ;iisperéion d%creage SS@dmckrthe
. . : Assumed value for a typical, medium sorted thickness of subsequent depositscaneersa
Consolidated packing density 0.6 (Soulshy, 1997).
34,888 Ax 2,65kg/Mix 0.6
Total mass of sediment to dredge Only a fraction of this material will be releas
one HVDC converter substation gr| 55,471,920 kg dredge ovespill. The remainder will be depos
base foundati to the seabed nearby, within the Hornsea THh
array area

33




Hornsea 3 Annex 1.AMarine Processes Technical Annex
Offshore Wind Farm Enviromental Statement
May 2018

4.3.3.13 The maximum design scenario for sediment spoil disposal by the dredger (for all foundation types) 6 Vertical diffusion to 25 m (approximately full water column, so affecting the seabed), 100 m lat
characterised as: spread in footprint dimensions (30 minutes after releadewaSteam).

1 Dredge spoil will be returned to the seabed by the dredger at siorearitiyihotEornsea
Threearray area; . . . . . . .

f  The dredging will be undertaken by a TSHD with a split bottom release (allowing the fastest pOSSTISFé%H Maximum design scenario for total sediment release by dredging for all gravity base foundations
release of all sediment in the hopper). It is assumed that the full representative hopper
11,000 m3 releasednd

1 The majoritly of the sediment load (up to 99% base.d on mo.nitoring evider}ce from the aggregate . dged ;fczfrfr:fga‘:‘t’i;?gf;{gr”;zl’?gg%@gor;ghfr;el%ﬁsggiI
industry) will descend to the seabed as a single unit, behaving as a density flow. This (dayaWRFring oundations 2117, 779% collector substations and139,552 m3 for four offshorg

movement of mat er i aofthedume. €he rate af descene of theddynandicni ¢ p has e 6 converter substations

phase through the water column is rapid (in the order of several metres per second) relatiygtei5&of sediment artahile 2117,779m? x (sediment mineral dengig5kg/ni x

Parameter Maximum design scenar Working and other assumptions

normal settling rate for the individual grains that comprise it. The remaining 10% of the egdanerall foundations 3,367,268,610 (consolidated packing deytsity
volume el eased will form a more dispersed poll@BsolidatyvuMedth out t he wajter column, termed the O6pa
phaseo, that wi | settle at approximate |sgpim.en'e|qegositqd_@§pag of o f t2*11?779rir}?n di E’qtijivgth@tlhe tof (/o@rﬁeﬂfsc'ediment.dredged
dredgingvhile preparing all i
4.3.3.14 In summary, the maximum design scenario for all sediment release by grouretigiegdoatadin d | foundations
300turbinggravity base foundatidreble4.14), three offshosecommodation platfgravity base Total equivalent number of dredgil 1B cycles 2111,557nedivided bgdredger hopper capadityp00 m3

foundatie(Tablet.13, 12offshorélVAGollectosubstatias(Tablet.15 andfourHVDC substation | Ycles to dredge all foundations
piled jacket foundatifrelet.16), is characterisad followand infablet.17.

1 The rate of sediment releas@veyspill during dredging (8fs) is determined by the Tabled.18 Suspendedediment concentration as a resulbwdrspill during dredging for any foundation (1@0%rspill as

performance of the dredging vessel and so is constant for all foundation scenarios; ines)

1 Spoil will be disposed of at the end of each dredging cycle frorththdredsingfvessel at a Plumenidth Plumedepth Plumesectionlength
nearby location withinHbensea Thregray area. During disposal, up to 1B,0Dthaterial Resulting SSC (mgfl)
will be released from the bottom of the vessel in a sudden event. 90% of the material will b (m) (m) (m)
directly to the bed as alsingass and 10% of the material véa$ispendeds a plume of 10 1 12,000
elevated SSC 20 5 1,200

4.3.3.15 Levels of SSC resulting from drilling of the different foundation types (with different rates |of release)p0 15 w0 160

assuming 100% of the drill arisings are fines areTstibeti &for the range of dispersion scenarios 100 o5 48

listed below. The approximate timeframe and distance downstream from the point of release for each , . _

dispersion scenario is indicated, based on the representativeatatispefsdarand current speeds a Rate of sediment release 30 kg/s; total mass released into receMOdkgatepresentative current speed 0.25

previously described in paragr8dh3

1 Source concentration at the point of release (total mass evenly dispersed in a volame of ﬁ/gtg’rjl% Levels o_f SS_C as a result of overspill F’“””g dre_dg@gﬁdydmyse foundatjgre assuming 10_0%
wide, 1@n length, th depth): of the drill amgs are sands or gravels is shoail@.19 The estimated area and average thickness

1 Verical diffusion to 5 m, 20 m lateral spread in footprint dimensions (30 seconds to one minute aftecr)f sediment deposition thickness fgraaith base foundatygre assuming 100% of the drill arisings

release, 7.5 to bdownstream): are sands orayels is shownTiablet.20,

1 Vertical diffusion to 15 m (from surface to approximately half water depth), 50 m lateral spread in
footprint dimensiomge(to ten minutes after release, 75roddvnstream); and
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Table4d.19 Suspendedediment concentration as a resulbwdrspill during dredging for argravity base foundatidppe
(100%overspill as sands or gravels)

Distance :
. Maximum
: : Duration of plume :
Sediment | Watedepth | Settlingrate mass in
settlement | advected by :
type (m) (m/s) suspension
(s) peakcurrent
(kg)
(m)
25 500 250 32,520
40 800 400 52,033
100% Sand 0.05
55 1,100 550 71,545
70 1,400 700 91,057
25 50 25 3,252
40 80 40 5,203
100% Grave 0.5
55 110 55 7,154
70 140 70 9,106
. Area of
Diameter of : _ . Area ofhear
: : midwater Midwater Diameter of Nearbed
Sediment | Watedepth midwater bed SSC
SSC average S6 | nearbed SSC average SS(
type (m) SSC : : influence
: influence (mglly influence(m) (mglly
influence(m) (md)
(?)
25 19 283 Th 25 482 Th
40 27 588 Th 37 1,053 Th
100% Sand
55 36 1,003 Th 48 1,846 Hn
70 44 1,529 Hn 60 2,859 Hn
25 9 70 Th 11 99 Th
40 12 114 Th 15 177 Hn
100% Grave
55 15 170 Hn 19 276 Hn
70 17 237 Hn 22 398 Hn
a U- units(single digit);iTeens; Hii hundreds; Tihthousands; TnTlens of thousands; HhTilandreds of thousands|
Mni low millions.
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Tabled.2G Sedimentleposition as a result oferspill during dredging for eaghavity base foundatidppe (100%verspill
as sands or gravels)

Turbineor offshore OffshoreHVAC collector :
_ _ : HVDGonverter gbstation
accommodatioplatform substationgravity base : :
. . . gravity base foundation
gravitybase foundation foundation
SedimentsSwatexepth Average Average Average
type (m) Area of . Area of . Area of .
thickness of thickness of thickness of
seabed seabed seabed
» seabed » seabed » seabed
deposition » deposition - deposition »
deposition deposition deposition
() () (n?)
(m) (m) (m)
25 6,767 0.02 96,478 0.02 84,332 0.01
40 12,268 0.01 162,771 0.01 142,475 0.01
100% Sand
55 18,849 0.01 235,369 0.01 206,275 0.00
70 26,512 0.01 314,272 0.00 275,733 0.00
25 574 0.25 9,049 0.17 7,896 0.10
40 964 0.15 14,744 0.10 12,872 0.06
100% Grave
55 1,388 0.10 20,639 0.07 18,027 0.04
70 1,847 0.08 26,733 0.06 23,361 0.03
a Minor differences in the results ferdtieswise similar scendair@sdue to the difference in the time required to
the dredging for one foundation (affecting the assumed length of the footprint of deposition) and due to di
dimensions of the dredged areas (affecting the assumed wadgriof tdieléposition).

4.3.3.17 Levels of SSC in the passive phase of the plume created during dredge spoil disposal for any gravity
foundation type assuming 100% of the drill arisings are fine§ sdéi®inLiavels of SSC in the
passive phase of the plume created during dredge spoil disposal for any gravity base foundation
assuming 100% of the drill arisings are sands or gravels Tablah&2 ithe reslting estimated
area and average thickness of sediment deposition thickness is also provided.
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Tabled.21 Suspendedediment concentration as a result of dredge spoil disposal (passive phase onlypémdation Dist
; : istance
(100%®verspill as fines) _ Maximum Area of Average
: : Duration of plume : ;
Sediment | Watedepth | Settlingrate mass in seabed thickness of
Plumewidth Plume épth Plumesectionlength Resulting SSC settlement | advected by _ -
Type (m) (m/s) suspension | deposition seabed
(s) peakcurrent »
(m) (m) (m) (mg/lp . (kg) (m) deposition (m)
m
10 25 10 699,600
Diameter of|  Area of . Area of
100 25 100 6,996 . . : Diameter of
Sedi R IR — midwater midwater Midwate bed nearbed Nearbed
edimen aterde nearbe
1000 25 1000 70 n ) . Ssc Ssc average ssc SSC average SSC
e m
5000 o5 5000 3 A influence influence | SSC (mg/B | . influence (mg/lp
o influenceg(m) I
m
a Total mass fine sediment released into passive phasekd, {8@%00011,000x2,65%kg/nd x 0.6 solidity); sedime (m) (m?) (1m?)
released uniformly by the active phase during descent from surface to seabed; water depth 25 m. 25 14 165 HNnTh 20 322 HNTh
40 23 410 HnTh 32 810 TnTh
. . _ " . . 100% Sand
Tabled.22 Suspendedediment concentration aneldsment deposition as a result of dredge spoil disposal (passive phase 55 31 767 TnTh 44 1,519 TnTh
only) for any foundation (100% as sands or gravels)
70 40 1,233 TnTh 56 2,448 TnTh
Distance
Durati ¢ | Maximum Area of Average 25 ° 19 Mn ! 36 Mn
uration o ume
Sediment | Waterdepth | Settlingrate : mass in seabed thickness of 40 8 45 HNTh 10 87 HNTh
settlement | advected by : » 100% Grav
Type (m) (m/s) suspension | deposition seabed 55 10 82 HnTh 14 159 HnTh
(s) peakcurrent »
(m) (kg) (1) slefposiiam (i) 70 13 130 HnTh 18 254 TnTh
o5 500 250 1,749,000 8.078 0.12 a U t_J.nits(sin__gIe digit);imens; Hii hundreds; Tihthousands; TnTlens of thousands; Hhhlandreds of thousands
Mni low miilons.
40 800 400 1,749,000 22,771 0.05
100% Sand 0.05
55 1,100 550 1,749,000 42,869 0.03 ) . . . . ) .
4.3.3.18 Estimates of the area and average thickness of sediment deposition are provided in the preceding t
70 1,400 700 1,749,000 | 69,272 0.02 based on the approximate footprint of the plume and tidal advection factors. The extent, thickness
25 50 25 1,749,000 299 3.68 shape of sediment deposits on the sedildeel highly variable in practice. However, given the total
40 80 40 1,749,000 744 1.48 volume of sediment, a range of potential alternative combinations can be calcudditechadivange of
100% Grav 0.5 ossible value combinations are providddet23for dredging overspill aribainie4.24for the
55 110 55 1,749,000 1,389 0.79 P . . P o ging p )
active and passive phases of the dredge spoil dispoBal phameedetadbouthe basis diiese
70 140 70 1,749,000 2,233 0.49 table, e the previous assessmedtifiimdparagrapht3.2.2@nd4.3.2.21L
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Table4.23 Alternativepotential extents and thicknesses of sediment depoagiamresult abverspill during dredging

Nominal diameter of influence (m) as a resul
. dredging overspill for one foundation :
. . Deposition . . Thickness of
Foundation type / operation : (and the area of influence of all foundations g :
scenario . deposit ()
proportion of thélornsearhreearray area,

696kne)
Dredging overspill for 160 largsne Uniform 19 (0.01%) 0.5
gravity base foundagi@4r? thickness 27 (0.01%) 0.25
overspill per foundation). 61 (0.07%) 0.05
Dredging overspill3a@smalleturbine Uniform 16(0.01%) 0.5
gravity base foundagi@®1ms thickness 23(0.02%) 0.25
overspill per foundation). 51(0.09%) 0.05
Dredging overspill fooffg@horéiVAC 62 (0.01%) 0.5
collectosubstatiogravity base Uniform 0
foundatian(1,513m overspill per thickness 88 (0.01%) 025
foundation) 196 (0.05%) 0.05
Dredging overspillftarrHVDC 44 (0.00%) 0.5
convertesubstatiogravity base Uniform o
foundatian(756r® overspill per thickness 62 (0.00%) 0.25
foundation). 139 (0.01%) 0.05
Dredgig overspill fihredarger 19 (0.00%) 05
offshoraccommodation platfgravity | Uniform o
base foundat®iLl44r? overspill per | thickness 27(0.00%) 0.25
foundation). 61 (0.00%) 0.05
Dredging overspill for tkrealler 15 (0.00%) 0.5
offshoraccommodation platfgravity | Uniform 0
base foundat®O3? overspill per | thickness 22 (0.00%) 025
foundation). 49 (0.00%) 0.05
a Average uniform thickness. All value pairs are part of a continuous scale of possible outcomes.
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Tabled.24 Alternativepotentialextents andhicknesses o$edimenteposition as aesult ofdredgingspoil disposal(active
and passive phases)

Nominal diameter of influence (m) as altre$
» one spoil disposal event .
. . Deposition . Thickness of
Foundation type / operation : (and the area of influence of all events as § :
scenario : deposit ()
proportion of thélornsea Threarray area,
696kn®)
49 (0.05%) (steepest) 155
Cone 99 ((1%) 3.9
Spoil disposal from the dretig®f 148 (Q18%) 1.7
events for all foundations (9800
active phase, 90%4d.a,000r8). _ 159 (®5%) 0.5
Uniform 225 (110%) 0.25
thickness ° '
502 (51%) 0.05
Spoil disposal from the dredig®g Uniform 53 (0.06%) 0.5
events for all foundations (1yi00 . 75 (012%) 0.25
) thickness
passive phase, 10% of 11n®P0 167 (®B1%) 0.05
a Height of peak for cones and average uniform thickness. The dimensions of the steepest cone are provid
the smallest possible area that could be impactede#tlistically expected that cone deposits of greater thickr
(e.g. >5 to 18) will be allowed to accumulate in practice. All value pairs are part of a continuous scale of p

4.3.3.19 The spatial pattern and magnitude of elevated SS@retlgeng were estimated using numerical
modelling fétornsea Project CamelHornsea Project T(@dart Wind 2312015, seeFiguret.6
andFiguret.7). The following observationedbas the spreadsheet based numerical model results)
are consistent with the previously modelled pattemngaofHornsea Project CamedHornsea
Project Twasimilarly modelled patterrchafigen assessments for other wind farms and marine
aggrege dredging activities, and the wider monitoring evidence base.

4.3.3.20

is characterised as follows:

In summary, the influence of dredging overspill and spoil disposal dCralyeasiamBient levels

1 SSC levels will be highest (potentially tens to bitidresiands of mg/l) at the point of sediment
release, which is at or near the water surface during dredging overspill and distributed through
whole water column during dredge spoil disposal. This feature will only be present during (
relatively fmer) periods of active dredging or during (the relatively short) dredge spoil dispos

events;

1 For fine material in dredging overspill, SSC levels will decrease rapidly through vertical and horiz
dispersion to low tens of mg/l within the ord#nedhafrmetres from the point of release
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For fine material released into the passive plume phase during dredge spoil disposal, SSC levels M|
be initially higher than for overspill (due to the sudden nature of the sediment release). SSC levels
will dexease through horizontal dispersion to a few thousand mg/I within the order of low hundreds
of metres and a few tens of mg/l within the order of one thousand metres distance from the source;
For sand and gravel material in dredging overspill, loeds 88CiExrease to low thousands 1
or hundreds of mg/l locally (low tens of mg/l in a depth mean sense) through horizontal dispersion
whilst settling to the seabed;

For sand and gravel material released into the passive plume phase during dyedge spoil disp
local SSC levels will decrease from hundreds to tens of thousands of mg/l due to horizontal
dispersion whilst settling to the seabed,;
Sands will deposit to the seabed within the order of hundreds of metres of the source (taking in th
order of 10 8 minutes to settle from surface to seabed), and gravels likewise within tens of metres
(onetotwominutes). The horizontal diameter of the main sand or gravel plume footprint within the
water column and on the seabed is likely to be in the otdes of oméjres; q
Following cessation of dredging or spoil release, the influence of sands or gravels on SSC levels will
reduce rapidly as described above and will end when all of the sediment is redeposited to the seabed
(in the order ofeto 25 minutedepending on the grain size and water depth); and q
Once redeposited to the seabed, the locally dredged overspill and spoil material are essentially the
same as the local sediment type. The dredged material will therefore joimétkatelyral q
sadimentary environment and will not contribute further to elevated SSC above naturally occurring
levels. q

4.3.3.21 In summary, sediment deposition as a result of dredging for foundatimchestatisized as
follows:

T

Deposits of mainly gravel sized dreeigpill will be concentrated within a relatively small area in 1
the order of tens of metres from the site of dredging, with an average thickness in the order of less
than ten centimetres;

Deposits of mainly sand sized dredge overspill sedimencesitratedavithin an area in the

order of 200 to 700 m downstream/upstream and tens to one hundred metres wide from4i%d?\'/% u
foundations, with an average thickness in the order of less than a few centimetres;

Spoil disposal will form more concenediteers deposits on the seabed. The main mass of
sediment (90% of the total volume, falling as the active phase of the plume) will initially result in
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The smaller mass of material (10% of the total volume) falling as the pddigespbihse
disposal plume will result in a narrow deposit downstream either hundreds of metres in length a
few centimetres or less thick (for sands), or, tens of metres in length and up to tens of centime
to afew metres thick (for gravels); and

Fine grained material released as overspill or as the passive phase of spoil disposal will be dispe
widely within the surrounding region and will not settle locally with measurable thickness. F
grained material in the active phase of spoilwlibpesain bound in the main sediment mass

and will not be differently dispersed to that described above.

4.3.3.22 The assessments undertaken and the summaries above describe the influence of conservatively ma
scenarios where the material being dredgpdseddis entirely fines, sands or gravels. Based on
these marginal cases, the following summary describes the overall influence of the same activ
assuming that a mixture of sediment grain sizes:is present

SSC of low tens of mg/l will be preserarimowa plume (tens to a few hundreds of metres wide,

up to one tidal excursion in length (~7 km on spring tides and 3.5 km on neap tides) aligned to
tidal stream downstream from the source;

If dredging occurs over more than one flood or ebiutjdiaé gewime feature may be present in

both downstream and upstream directions;

Outside of the area up to one tidal excursion upstream and downstream of the foundation loca
SSC less than 10 mg/l may occur more widely due to ongoing dispricoof anateilal;

The majority of gravel and sand sized sediment will be deposited to the seabed within tens
hundreds of metres from the source, respectively. A larger proportion of such material in the pl
may result in SSC reducing more rajhidlyegion and reducing the length or extent of the plume
feature overall; and

Sufficiently fine sediment may persist in suspension for hours to days or longer, but will becc
diluted to very low concentrations (indistinguishable from naturaleévat&gmdivdriability)

within timescales of around one day.

aIJ dredging, or any other activity causing sediment disturbance, is undertaken simultaneously at tv
more locations that are aligned in relation to the ambient tidal streams, tbahahfneaseuizp

between the areas of effect on SSC and sediment deposition. The jotabiizfionieffects on

. SSC and sediment deposition are discussed in gaa22ph

discrete mounds of sediment in the order of tens to hundreds of metres in diameter (depending opssessment of changeiprnsea Threefshorecablecorridor

the pa#irn of settlement) and tens of centimetres to a few metres in local thickness. 4An
equivalent to a circle of up to 500 m in diameter might be covered to an average depth o'f?>
Any larger area dfangevould correspond to a smaller averagesthitkise possible that

r
Ogo??mUp to four offshore HVAC booster stations may be installedffsitbhe tHe AGbosterstation
' searcharea usingravity base foundagid®ed preparation would be carried out using a TSHD, assumed

) ) . . be of comydnle size to that for bed preparation activities within the Hornsea Three array are:
consecutive disposal events may overlap on the seabed, resulting in a greater local thickness otfo faa prep y ‘

sediment but a alter overall area of influence;

38

Dredged material would be deposited at a nearby location, via split bottom disposal.
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4.3.3.25 The maximum design scenario for sediment released by ground preparatiofistreegiigAQr
boostestation gravity base foundations is charactéabésl.ib

4.3.3.26 The potential for increases in SSC as a consequence of bed preparation for turbines in the Hordsegeldiree AGoster statigmavity

array area is desedhn the previous section, including specific Tedés2® The overall patterns
of increase in SSC described for the Hornsea Three array area will remain broadly valid for

HVAC booster statisearch area because elevated levels of SSC will largely be controlled

dredging process (dredger type and volume) rather than the overall volume of material exca

Table4.25 Maximum desigscenario for sediment release by ground preparation dredging for offshore HVAC booster statig

gravity base foundations

Parameter

Maximum design scenario

Working and other assumptions

Number of HVAC booster station @

base foundations to be dredged 4

Size of dredged area 175mx 175 m

Depth of dredged area 2m

Total volume of sediment to dredg

one HVAGooster statigmavity base 61,250 & 175 m width x 175 m lengtimxd2pth
foundation

Total volume of sediment to dredg : .

all HVA®@aoster statiogravity base 245,000 #n ?oldﬁggt:mg HVAGooster statigravity base
foundations

Sediment mineral density 2,65kg/m Assumed value for quartz sand (Soulsby, 19
Consolidated packing density 06 Assumed value for a typimatiium sorted sand

(Soulsby, 1997).

Total mass of sediment to dredge
one HVAGooster statigmavity base
foundation

97,387,500 kg

61,250 Ax2,65kg/M x 0.6

Only a fraction of this material will be release
dredge oveapill. The remainddt ke deposited
the seabed nearby.

Total mass of sediment to dredge
HVAooster statigmavity base
foundations

389,550,000 kg

245,000 #x 2,65kg/Mix 0.6

Only a fraction of this material will be release
dredge ovepill. The remaérdvill be deposited
the seabed nearby.

The dredging will be undertaken by a trailer

gravity base foundation

Dredger hopper capacity 11,000 m3 hopper dredger (TSHD) with an assumed
representative hopper capacity of 11,000 m?3

Equivalent number of dredging cyq

dredge one HVAIBoster station 5.6 cycles 61,250 Adivided by 11,000 m?
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Parameter Maximum design scenario Working and other assumptions
Equivalent number of dredging cyq
22.3 cycles 245,000 #divided by 11,000 m3
base foundations
L eoiffsherdimaenerspill release raf 30 kg/s Assumed value
?Xndg}g fill dredger 4 hours Assumed value
Total mass of ossmilled sediment .
from dredging one H\8&Gster 2.419.20Rg 30 _kg/s X 5.6 cycles x 4 hours x 60 min/hour
. 4 X s/mn
statiorgravity base foundation
Protal mass of ovaprilled sediment .
from dredging all HWAGster statior] 9,621,818 kg 30 kg/s x 22.3 cycles x 4 hours x 60 min/hou
. ) s/min
gravity base foundations
Total (consolidated) volume of ove
spilled sediment from dredging ong¢ o o
HVAC coltitor booster gravity base 1522 m3 2,419,20Rg divided 18/65kg/ni divided by 0.6
foundation
Total (consolidated) volume of ove|
spilled sediment from dredging all o o
HVAGooster statignavity base 6,051 m3 9,621,818 kg divide@8bkgne® divided by 0.6
foundations
Assumed valdeediment ovapill is released af
. . . ) the water surface in an area approximatety 1
Qrssvg}{/;rsv:/ﬁflgzesed|ment s releas 100 m2 10 m = 10M2. Using a larger value will increa|
initial dispersiatecrease SSC and reduce the
thickness of subsequent depositécaneersa

4.3.3.27 The higher peak flow speeds within the offshore HVAC booster station search area compared witl
Hornsea Three array area means that it is possible that plume extdigktijnayeages than
reported for the array area under certain tidal conditions. However, the greater dispersion would
mean lower overall levels of SSC within the plume.

4.3.3.28 The results described above are also conservatively coristantiveititenodelling undertaken

for bed preparation activities in the Hornsea Project Two @hrayraréelling showed pgkhak

increases in defatheraged SSC of more than 2 mg/l above background levels are anticipated up to ~:
km outside of the array, whidseases in dejtreraged SSC of more than 10 mg/l are anticipated up

to ~14 km outside of the @riguret.6) (SMart Wind, 2015).

4.3.3.29 The potential for seabed sediment deposits to accumulate as a cbhedqrepeeation dredging
for offshore HVAC collector substation foundations in the Hornsea Three array area is described i
previous section, including specific reRalteli22andTablet.24 The total extent and thickness of

bed level change associated with dredging spoimilldpsi@pendent on
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1 1f 61,250 fof material were displaced during the installation of one gravity base structure, an area
meauring 1,225,000 fnominally 1107 m x 1107 m) could potentialgredy 0.05 m of
materialand

1 A greater thickness of material will lead to a smaller area of impact and vice versa. For example, a
0.01 m average thickness deposit would affeztbarinaes larger than discussed above for an
average deposition thickness of 0.05 m.

4.3.3.30 Ifdredgingor any other activity causing sediment disturbance, is undertaken simultaneously at two or

4.3.4

4341

4.3.4.2

more locations that are aligned in relation to the amieantgjdahen there is potential for overlap
between the areas of effect on SSC and sediment deposition. The jotabizdfionieffects on
SSC and sediment deposition are discussed in paBagr2ph

Sandwavelearance

Summary

Withircertairsections of thfshore cabtmrridor, relatively large mobile bedforms are present and
these may be associated with a considerable thickness (up to 6 m) of dparsargyasaeuly)

sediment. To enseftective burial below the level of the stable bed, it may (in places) be necessary to
first remove sectionsasfdwavgeusing standard dredging techniques or through the usaf a mass
excavator tool, before trenching into the underlying itezh to addrt term elevations ire8&C

associated sediment depos#tamuwavelearance will necessarily result in localised chtheges to
sandwave and sealtepographylhis section therefore also gives consideration to the potential for
sandwavenglseabed recovery and for longericteanges to sediment transport.

Evidence base

Sandwavelearance (vitaedging and/orasslowexcavator) was previously considered for Hornsea

Project Two, using numerical modelling (SMart Win@h20i&a)e tie sediment disturbance,

the sediment type and other environmental conditions are sufficiently similar to that being considered for
Hornsea Three that the previous modelling is considered to provide directly relevant evidence in this
regardThe spatiglattern and magnitude of elevatetb65@€Eing by mass flow excaa@hown

inFiguret.8 and summarised below:

1 At the largestandwavepredicted increases in daypthaged SSC peak at approximately
900mdl above background levels; however such increases are confined to an area very close to
thesandwavkcation; and

T High (i.e. 1006s mg/l) elevated | evels of SSC

(less than one hour) (SMart Win@)2015

o

ar

e

predicted

t

0]
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4.3.4.3 Sandwavelearance haseviously been undertaken along the Race Bank export cable corrido®.@sdny The nature of the planned activity and the anticipated volumes of material involved (for indivi
TSHD. An assessment of potential changes associated with these activities has previously beesandwaw are broadly comparable to that encountereshadwagelearance operations during

43.4.4

undertaken, using desk thasalys technique©ONG Energy, 2016). Key findingisnangarised
below:

1 Bed levelling is not considered likely to disrupt the form and function of the sandbank system aﬁp to ~16.000 m3

these are governed by processes that occur at a much larger scale than the proposed works;
1 Dredging activitiesdandwavelearance wiésult in sediment plumes (due to overspill and spoil

installation of tRace Bank export caBdwavelearance has been and will be undertaken for Race
Bank using TSHDs to excavate trenches saruwgawe with a width of 25 to 30 m plus some
allowance for side slopes. Indisghdagetypically require dredgimdpadit 500 to 6,008, but

in the case of a fevsdarg@avieaturesSandwave clearance may be achieved
via either dredging (using a TSHD), or through use of a mass flow excavation tool.

disposal), causing increases in SSC above background levels and deposition of sedimeft3ft® thEorHornsea Threthemaximum desigeesaricedimentelease causdy sandwavelearance is
seabed. The magnitude, extent and duration of any particular type of influence (assessed usingharacterised Tablet.26

spreadsheéised numerical modeil)bevariable depending on the operational characteristiA(r:?3 47
of the dredger being used, and the local water depth, sedinten¢pypeeatative current
speed;

1 As would also logically be expeatealgfven rate of dredgingreater current speed and/or
water depth typically leads to a greater exfogressivelgwer magnitude of influemce
SSC due to dispersi@oarser sediment will tend to settle to the seabed mtrarripieity
sedimenteading to a smealextent and duration but greater magnitude of influence on SSC, and
a smaller extent but greater thickness of sediment deépesdiments that take longer than
a few tides to settle out of suspension will be dispersed to very low Grtcangr tienesore
unlikelyo settle in measurable thicknesses;

Changes in SSC associated with sandwave clearance by dredging will be the same as described in s
4.3.3for gravity base foundation bed preparation. The sediments in the sandwave feature will

predominantly sand, although potentially with some small proportion of fines (<5 to 10%). Indivi
sandwaves typically require less than giegdrgde per sangie/édredge volumes 500 to &800

but between one and two dredging cycles per sandwave in the case of a few larger sandwaves (dr
volumes up to 16,000 m3). Dredge spoil will be returned to the seabed in the vicinigred the dredged
and so may be less than one full hopper in volume per release. In this case, the volume of sedir
entering into suspension from the disposal plume (and so the resulting SSC level), and the volun
sediment deposited to the seabed (and sdtihg eegent and thickness of any deposits) is expected

to be proportionally smaller.

1 Bedform recovery will likely occur in relation to the migration and sediment transport processes

across the systestimated recovery ridesandwavegerean the order of several yeased
on representative forcing conditions at a single waaddepth

1 The proposed bed leveltingt likely to poseydbarrier to ongoing sediment tramsyort or
to locations beyahe sandbank system.

4.3.4.8

Assessment of change

The volume of matenabe cleared from indiv&hradwavewill vary according to the local dimensions

of thesandwavéheight, length and shape) and the level to velaictwhaemust be reduced (also
accounting for stable sediment slope angles and the capabijiiesnagicts of the cable burial tool

being usedBasedon the available geophysical data, it is anticipated that the bedforms requiring
clearancera likely to be in the rantg6In in height and locateaffishorsections of the route and
westermparts of thelornsea Threeray area.

;

Changes in SSC due to sandwave jetting by mass flow excavator were considered (using nume
modelling) for Hornsea Project One and Hornsea Project Two, adtmpintgabsuimptions:

Peak depth averaged flow speed of 0.75 to 1.0 m/s;

The jetting device will travel at 0.05 m/s;

The jet head will operate at 1 m above the seabed;

The diameter of the jet head is 1.5 m;

The jetting device draws in seawater from piesided jets water out from the vertical down

pipe. The bed material is shifted and trenched with the force of the jet (except in cases where

bed has high cohesive strength) and flushed away;

Only one 'pass’ will be made through each sandwave thechquired clearance width;

The width of the sandwave to be cleared is 20 m;

1 The depth of clearance varies for each location but the largest sandwave that may need to be cle
is 5 m in height; and

1 The displaced sediment will contain up iteesQ¥%ef <gan).

= =4 -4 48 -9

= =
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Table4d.26 Maximum design scenario for sediment release by sandwave clearance for cable installation

Parameter

Maximum design scenari

Working and other assumptions

Volume of sedimant

Based on the assumption t}
11.6% of the Hornsea Three array area, with sandwaves
33% of t he map p(sedvoluinge 3, ohdpiea }y

sandwaves in the array are

sandwaves to be cleared in 71,150m8 Marine Procesges

Hornsea Three array area L .
The average sandwave height is 0.63 m. 50% contingend
applied to ensure estimated volumes is conservative.

Volume of sediment in

sandwaves to be cleared fo Presently estimated value based on the Hornsea Three g

installation of export cables 979,090r# cable corridor geophysical suneegatabined with cable

the Hornsea Three offshore| installation design specifications

cable coidor

Sediment mineral density 2,650kg/m Assumed value fprartz sand (Soulsby, 1997)

Consolidated packing densi 0.6 Assumed value for a typicaiumesbrted sand (Soulsby, 19

) 215,588 x 2650kg/mix 0.6

Total mass of sedimeictaar . . . .

from sandwaves in kenseal 342776970kg If dredgingnty a fraction thiis material will be released as

Threearray area dredge ovapill. The remainder will be deposited to the se
nearby.

) 979,090m x 2650kg/m x 0.6

Total mass of sedimeictaar i _ _ i )

from sandwaves in kenseal 1556753100 If dredipg, onlwa fraction of this material will be released as

Threeffshoreable corridor ' dredge oveapill. The remainder will be deposited to the se
nearby.
Dredging will be undertaken by a trailer suction hopper d

Dredger hopper capacity 11,000 m3 (TSHD) with an assumerksgmtative hp@r capacity of
11,000n3

Equivalent number of dredd

cycles to dredge sandwave 19.6 cycles 215,583 divided by 11,000 m3

the array area

Equivalent number of dreddg

cycles to dredge sandwave - 5

theHornsea Thredfshore 89.0cycles 979,090 divided by 11,000 m

cable arridor

Dredger sediment esqail

release rate 30kg/s Assumed value

Time to fill dredger 4 hours Assumed value

Total mass of ovggilled

sediment from dredging 8,466532kg 30 lg/s x 2.6 cycles x 4 hours x 60 min/hour x 60 s/min
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Parameter Maximum design scenari Working and other assumptions
Total mass of oxggilled
sediment from dredging . .
sandwaves in thernsea 384515%F kg 30 kg/s 89.0cycles x 4 hours x 60 min/hour x 60 s/min
Threeoffshoreable corridor
Total (consolidated) naof
overspilled sediment from o o
dredging sandwaves in the 5,325m3 8,466,53Rg divided I®/65kg/ni divided by 0.6
array area
Total (consolidated) volume
overspilled sediment from
dredging sandwaves in the 24183m3 38451535kg divided t8;65kg/ni divided by 0.6
Hornsea Three offshzable
corridor
Sediment ovspill is released at the water surface in an ari
Area over which sediment ig 100 m2 approximately 0x 10 m = 10@. Using a larger value will
released at the water surfac m incease initial dispersion, decrease SSC and reduce the |
of subsequent depositsvéacel versa

4.3.4.9 The results of the Hornsea Project One and Hornsea Project Two plume modelling suggest:

1 Increases of approximately 900 mg/l hadaptied SSabove background levels in an area
close to theandwavication;

1 High levels of SSC (i.e. hundreds of mg/l) near to the point of release are predicted to occur f
short period of time (less than one hour); and

1 Increases of tens to a few hundreuglaire observed in plumes downstrearsaoiithave
(in both flood and ebb directions).

4.3.4.10 Similar operational assumptions are applied for the Hornséiahdteeeableorridor in a
spreadsheet based numerical model as dessgitienidr3.1 Results are presentetabt 4.27.
Quantitative estimates of resulting SSC increases within the plume area are not provided due to the
range of possible variatiameimperational parameters. The mass flow excavator device is specifically
designed to-seispend and displace large volumes of sedthmentocal containnreatshort time
period. The resulting level of SSC is corresp@arglihgin comparisaa the natural range and will
lead to a significant thickness of rapid seddepositeon. However, tlosge (i.e. the increase
in SSC and the resulting deposition of sedenethgrwise similar to that caused by any other activity
with a less magnitude or rate of sediment disturbance.
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4.3.4.11 In summary, the majority of sandy sediment (i.e. the majority of the affected sediment volume).@il.&8nFaer sedimensll only realistically comprise a small proportion of the total disturbed sediment volurr
dense plume and then be redeposited rapidly to the seabed in a manner similar to that for other cabknes rsuspended by mass excavator will remain in suspension for longer periods of time (order of he
jetting activities (described in sé@i§nThe large total volume and rate of material displaced by mass
flow excavation is expected to lead to very large increases in SSC above background levels during tleaispension will rapidly become dispersed so widely that they no longer contribute to a measur
operation. The plume will be limited to a relatively small spatial extent downstream (order of tens to a f@levation in SSC and are unlikely to settle in measurable thickness locally.

hundreds of metres) and only for the duration of the activity and for a short time afterwards (order of tens

to a few hundreds of seconds).

Tabk4.27 Temporal andpatialextent of theplume andhickness obedimentdeposition as aesult ofsandwavelearance
by massflowexcavator in 100%and éettlingrate 0.0%n/s)

Representative current

Height of ejection

Time for resettlemen

Distance plume
advected by current

Average thickness o
seabed depositich

by the current and the length of the dredged channel.

speed(m/s) (m) (s)
(m) (m)
0.25 1 20 5.0 10.00
0.5 1 20 10.0 5.00
0.75 1 20 15.0 3.33
1 1 20 20.0 2.50
0.25 5 100 25.0 2.00
0.5 5 100 500 1.00
0.75 5 100 75.0 0.67
1 5 100 100.0 0.50
0.25 10 200 50.0 1.00
0.5 10 200 100.0 0.50
0.75 10 200 150.0 0.33
1 10 200 200.0 0.25
Assumed total dredge volumersqddedged channel M0@ng and 20 wide througlsandwaverest approximgtél m
high).
a Average thickness based on the total volume of sediment released and the area formed by the distance t

to days or longer). Although likely present at higfattonset the point of release, fine sediments in

4.3.4.14 If sandwave clearancengrather activity causing sediment disturbance, is undertaken simultaneously

4.3.4.15

4.3.4.16

4.3.4.17

4.3.4.18

4.3.4.12 The resulting thickness of accumulation of sand atiNlelbe leefje (order of tens of centimetres to

several metres thick) which is in proportion to the large volume of sediment being cleared and the Iimit?ﬂe bedforms along whieth levelling is proposed are part of a dynamic bedform field including (in
area within which it is expected to settle (within tens to a few hundreds of metres).
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at two or more locations that are aligned in relation to the ambient tidal streams, then there is potent
overlap between the areas of effect on SSC and sedimentTdeppsitomial forcmmbination
effects on SSC and sediment deposition are discussed i BaagBaph

Recovery shndwavteatures following clearance

As previously noted, the volume of matecéaodoEby dredging from indisaludvavewill vary

according to the local dimensionssainttheavéheight, length and shape) and the level to which the
height must be reduced (accounting for stable sediment slope angles and the capabilities
requirements of the cable burial tool being used).

The potential for seabed recovery folamdmgavelearance along the Race Bank export cable route
as well as for wider changes to sediment transport patterns has previously eEeadatasdiered
desktop study inform the HRA for the Inner Dowsing, Race Bank and NortDRiNGE S2XG)(

2016.

Pre and repeated post construction monitoring (at intervals of days to weeks initially, and up to four m
following initial levelling) has imlse secome available for two offshore locations on the Race Bank
offshore cable route (DONG Energy, 2017). In agreement with the conclusions of the desktop s
(DONG Energy, 2016), the data show partial recovery of the sandwave crest fetturéheccuring wi
levelled corridor towards the end of the four month period for which data are presently available. Rec
was apparently achieved by naturally occuring local sediment accumulation along the previous cres
and was not obviously associatedfamivard migration of the sandwave crest or erosion of the
surrounding ntevelled areas.

Both the Race Baofkshore wind faaxport cable and Hornsea Tdffsleore cabterridor pass
through similarly dynamic areas of seabed characteriyaudilyileigbdiment and migrating bedform
features. The conclusions reacHBONB Energy (201,6yvhich are supported by the monitoring
described in DONG Energy (¢ ®onsidered to be also applicable for samasvaivelearance
within the Horns@areeoffshore cableorridor. These conclusions are summarisedAbelow
accompanying statement of confidence (either high, medium or low) is bEsegrouidsgert
judgement and a conceptual system understanding

placesanactivesandbankelonging to the North Ndsfmtikilbang&ystem. The patterns of processes
governing the overall evolution of the systems (the flow regime, watesediépirst availability)
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are at a much larger scale than, and so would not be affected by, the proposed local works. A8.4.@&suBandwavelearance will be limited to discrete areas of limited width to enable cable laying activities tc
the proposed levelling is not likely to influence the overall form and function of the system and eventuedrried out. Theandwavewithin théHornsea Three offshore cable coaneatypically up to
recovery via naliprocesses is therefore exp@oteiitiencenedium to high approximately 2 m in height but can be up to approximatetgsdmildwaveardocated offshore

_ , , o (> 8 km from the coast) in water depthad@LATor greateBfbby HydroMap, 201 this
The rate of recovery would vary in relation to the rate of sediment transpostgrodédsses! fa distance offshore and with these water depths, the clearance of limitezswtimssisafiot

recovery rates will be associated with higher local flow speeds and mave fréyaeeciive anticipated to cause any change to the wave regime at the coastline.
shape of the bedform following recovery might recover to its original condition (e.g. rebuilding a single

crest feature, although likely displaced in the direction of natural migration) or it might change #.8.8 sin@@ble burial
crest feature rhigbifurcate or merge with another nearby bedform). All such possible outcomes are
consistent with the natural processes and bedform configurations that are already present in the site agymmary

would not adversely affect the onward form and functionviofutiiebeutform features, or the 4.3.5.1 The impact of cable burial operations mainly relatessted aatutatimporarystspension and

sandbankystem aswholgconfidenceigh confidencéhat the seabed will recover to a new natural subsequent settling of sediments (BERR, 2008). The exact nature of this disturbance will be detern
equilibrium state. However, any predictions of the exact timescales of change, as well as the form of thg thesedimentonditions within the Hornsea Three array aféshareicabterridor, the length of
o6newod oukldaviowcaenfdenap installedable, the burial depth and burial methocthETegeare quantitatively characterised in this

. . . . . section for ex ayand substation interconnector cables using spreadsheet based numerical models
The levelled areas are not considered likely to create a barrier to sediment movement. Evidence drawn pamaya gsp

from aggregate dredging activities indicate that if any changes occur to the flow conditions or wave reging&sidence base
these are locad in close proximity to the dredget.péakever, the aggregate dredge pockets . . o . ,

. P y . 9 gdreg g9ep 4.3 ?.2 The evidence base with respect tobcaialleactivities is broad and includes a range of theoretical,
concerned had widths and lengths of several kilometres. The proposed works are at a much smallér scale

and footprint, with trench widths of 13 m along the interkmickatssetwidths of 25 to 30 m plus numerical modelling and monltorlng studies conS|d.e.r|ng a range.of |nstaIIat|or.1 me.thodologlles, sedi
Spes, water depths and other environmental conditions. The evidence baseablevakethappli

. . . . . . t
side slopes along the export cable or maximum diameter of 55 m for foundation preparation. This meaﬁl , ) . . .
P g P prep mensions of the cables, the installation techniques used and the target depths of burial do not

there is likely to be little to no effect on the flow or wave regime, which in turn means no effect on theI ficantly with th e of the devel . lor| ind f the t ¢ cable
regional sde sediment transport processes across the array site and exporfcoaftencete sighiiicantly wi e scale of the development (small or large wind farm arrays) or the type of cable

. . installed (wind farm expamay or inteconnector cables, or wimd farm electrical and
medium to high) L
communications cables).

Assuming that either a mass flow excavator is used for sandwave clearance, or that anXsmSa%eriaéSC toring duri ble lavi i has b dertak t Nvsted WindtE ABP
excavated via the use of a dredger is dispajaceot & the dredge locatmsediment volume D ronttoring during cable faying operations has been undertaken at INyste inetFarm ( m

will be removed from the sandbank systemsitweiaplaced matemallbe othe same sediment al, 2007; BERR, 20@jring the works, both jetting and trencaingedemhere the latter method
type as the surrounding seabed and, following wibssamediately available again fopérans involves preenching and b&dkng using babke dredgers. Superficial sediments within the site were

at the naturally occurring &iteuld an MMO licence for a new disposal site not be granted within the predominantly medlum sands, appro_xmately 0.5 m tq 3m 'r] _thlckness, unt%l@nyvby clay
L . . . recorded at a distanof 200 m from jetting and trenching activities and the following values were
vicinity of the dréugareas, material may have to be transported soméyligtasetand therefore b g
potential |l y Alloagh thidscdnariowould rHotebe efesablestariocal disposal, it is still observed.
considered unlikely that it would adversely affect the form and function of the designated features within - Trenchingmean (14 mg/l) and max (75 mg/l); and
theNorth Norfolk Sandbanks and Satui®ARe¢€his is because the argzcted (5,760,000 in 1 Jetting mean (2 mg/l) and max (18 mg/l).
extremely smalD(2%) relative to the overall size &Al&irca3,6(®,000,00%). The area and
volume of sediment currently present in the whole sandwave system cannot be accurately esfid&ted, bthe higher sediment concentrations from the trenching activitiidenestdacoe a result of the

it is reasonable to codelthat the volume of sediment being removed would also be extremely small in larger volume of seabed strata disturbed during operations and the fact that the material disturbed ¢
a relative senge<0.2 %) trenching was lifted to the surface for inspection. This meant that the sediment was transported thr

the full wateplumn before being placed alongside the trench (BERR, 2008).

45 Orst e 'ﬁfﬁii/f‘



Hornsea 3 Annex 1.AMarine Processes Technical Annex

Offshore Wind Farm Enviromental Statement
May 2018
4.3.5.5 Cable laying monitoring also took place at Kentish Flats where ploughing methods were usdd3tb.thstdlhe pogburial impacts of cable burial on sandy seabed morphology were also considered by BEI

4.3.5.6

4.35.7

4.3.5.8

three export cables (EMU Limited, @86 agreed piefined threshold limits againstSSC (2008) with reference to a wide range of desktop amognstuidies. The report concludes that

monitoring would be compdieel monitoring 500 m dise) i.e. where the concentrations will be impacts will also be limited in terms of both the thiclaeysssitbresediments and the potential for

greatest, of the cable laying activities showed: affecting the surficial sediment type:

! Marginal, shderm increases in background levels (approximately 9 times increase tothe modal i The | ow | evel s of sedi meeanthattheeewil eromy lowdevels| i s
background concentrations); and of deposition around the cable route. The finer material will generally remain in suspension for longe

f  Peak concentrations occasionally reaching 140 mg/l (equivalent to peaks in the naturally occurringill settle and remobilise on each tide with no measurable material left in place. Coarser sediment:
background concentrations). expeted to settle within a few metres of the cable route and following disturbance is likely to recc

rapidly, given similar communities in the vi

The observations at Nysted and Kentish Flats provide confidence that cable layoigesiaties do n
a longerm, significant disruption to the background sediment concentrations. Furthermore, it alsoAssessment of change

illustrates that there is little sediment dispersal, indicating that there is unlikely to be much depgsjtigy ®Xportarrayand inteconnector cables may be installed bjnbutta seabethe Hormnsea Three
the seabed other than immedsaljielyent to the cable route. offshore cable corridor runs from the southwestern margin of the Hornsea Three array area to a las

Reach (2007) describes plume dispersion studies for a cable laying jetting operation in Hong Kong Wi;aqsitiom)etweeNVeybournldope and Kelling Hard

an assumption that 20 per cent of a trlenestectiossof 1.7%mould be disturbed by the jetting 4.3.5.11 For Hornsea Three, the maximum design scenario for sedieneauseléany cable burial is
process and the speédhe jetting machine would be 300 m/hour (0.083 m/s). ASA (2005) describes  cparacterised Trable4.28 The potential effects of sediment release due to cable burial are typically

similar studies for a cable laying operation near Cape Cod in the USA and assumed that 30% of a trengf}alised to the cable route or the active cable burial location. Asvdmamntdesign scenario
crosssection of 34would be disturbed by the jetting process aretté tsegetting machine would information mainly considers local trench dimensions and rates of sediment disturbance. The total vc
be 91 m/hour (0.025 m/s). This latter study also assumed that any sand particles would quickly return § sadiment disturbance is not relevant to the assessment and so is not préleanieehbkere.

the bed and only the fine sediment particles paRBintialefidct&siim¥ht rbidhse Bue tb taBl@Wutiafafe ofpicdysttort dudidorderor € M)

plume in the watolumn. seconds to minutes) and so the possibility of repeated remedial cable burial activities in the s

SeaScape Energy (2008) describes cable installation plume dispersion monitoring studies carried out $gdimenmonths lates not relevant to the assessment and soesemted here

the Burboffshore wind faimLiverpool Bay, UK: 4.3.5.12 The vertical injection process fluidises an area of sediment within the seabed through which the ca
1 Three export cables were installed to a target depth of approximately 3 m Igr vertical injec msp_rted. By _desugp, the process is mtended to bury the cable and so only a_mlnlmal proportion o
fluidised sediment is expeeaedtoally ejected from the trench. The exact proportion ejected may vary.

ploughing while array cables were installed to a similar depth by jetting assisted ploughing val £ 2010 30% h b di . . tioati £ this ¢ ASA. 2005). For th
1 The monitoring demonstrated clearly that both cable installation techniques had only small scale alues o ° 6 have been used in previous investigations of this type ( ’ )- Forthe pury

impacts on localis88C Changs were measurable to a fendreds of metres only and of this investigation, it is conservatively assumed that 50% otitheathsirizeejected.

suspended sediment levels were not elevated more than five times background. Suspengiedan assessment of potential changes to SSC and bed levels has been undertaken using the spread:
sediment levels never approached the threshold level (3,000 mg/l) agreed with regulatory authoriti@sased numerical models introduced in&&ctidine slightly larger sediment disterizalume (by
beforehand, even in very close proxitnéyntorks (< 50; mnd mass flow excavation) is conservatively used in conjunction with the asenspiisurfdge

' Localchanges i8SCover a relatively fine sediment seabed area (most likely to lead to plume  sedimentary unitith a different grain size distribution to surficial sediments maystEmtede
impacts) was in the region of 250 to 300 mg/l within 200 m of the operation, falling to the measureguch as by deep vertical mjRcti

baseline level (100 mg/l) by 7@@wnstream. It is assumed, therefore, that coarser sediments
were associated with even lower levels.
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Table4.28 Maximum design scenario for sediment release by cable installation

Parameter Maximum design scenaric Working and other assumptions

Number of export cables 6
Minimum spacing betweeridodiv 0
export cables m
Minimum spacing between pairs o
exportables 100m
Length of individual export cables 191km
Total length of all export cables 1146km 191km x 6 cables

. . Samedr all cable types. Eglént t&08 m/hr dr7s
Maximum rate of cable burial 5 km/day per metre of cable burial
Time required to install one export ~3Bdays 917hours) 191km divided byk&n/day

Time required to install all export ¢

~229days %,501hours)

1.146km divided byk&/day

Total lengthf all intearray cables

830 km

The total length of iateay cables will be installed 2
multiple shorter lengths (number, length and rout
determined as part of the cable burial design plarn

Time required to instaihtdkarray
cables

~166 days §,984ours)

830 km divided byk&/day

Total length of all substation
interconnector cables

225km

The total length of interconnector cables will be in
as multiple shorter lengths (number, length and r
be determined as part oféide burial design plan)

Time required to install all substatil
interconnector cables

~45 days (1,080 hours)

225km divided byk&/day

Number of simultaneous cable bur|
operations

3export cables and
3 intefarray or interconnect(
cables

Up to tlee export cables and up to itexarrayor
inteconnector may be installed simultaneously, hq
the cable installation vessels will not be operating
proximity and therefore the potential for sediment]
interaction between cablefdayations is considered
be small.

Methods of cable burial

Mass flow excavation and
vertical injection (i.e. jetting

These methods have the greatest potential to

energetically fluidise and eject material from the t
into suspension. By contiastpther cable installatio
techniques described in the project design staten
(volume 1, chapter 3: Project Description) are exf,
resuspend a smaller amount of material into the
column. Due to spatial variation in the geotechnig
properéis of the underlying geology within this reg
possible that a combination of techniques may be

Dimensions of cable trench using 1
flow excavation

Up to 6n wide andr@ deep
with a 6Vd s

Mass flow excavation might beatisegy location but
practice would only be used where surficial sedimn
suitable
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Parameter

Maximum design scenaric

Working and other assumptions

Volume of sediment disturbed per
progress using mass flow excavati

6 me/m

6m x 2n x 0.5 (adjustment for profile)
Up to 100% of material is ejectechérdrarich.

Dimensions of cable trench using
vertical injection

1) For at least 95% of the
cable length, trench
dimensions up to hévide
anddn deep wit
shaped profijle

2) For up to 5% of the cabl
length, trench dimensions |
to 1m wide antiOm deep
with a 6Ub s

Vertical injection might be used at any location bt
practice would only be used where surficial sedin
suitable

Assume up to 50% of material is actually ejected
trench. The rest is retained asmeatcover within the
trench

Volume of sediment disturbed per
progress using vertical injection

(Depending on the trench
dimensions above)

1) 1.8

2) 5e

1) 0.6n x 3n x 50%
2) 10m x Im x 50%

Assumes up to 50% of material is actuty fejen
the trench. The rest is retained as sediment cove|
the trench

Remedial cable burial

In localised areas, within 11
months.

Overall lengths and timescales are provided aboy
table for the initial cable bufiahd where the eaisl
not buried sufficiently deeply during the initial buri
attempt, remedial cable burial activities (one to th
additional passes ofjdtgngool) maglsobe required
in localised areas. The nature and spatial dimens
the remedigdttinglisturbance will be similar or less
that fothe initial cable burikémedial activities woul
be undertaken typically within a matter of months
12 months) after the initial burial attempt
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4.3.5.14 TheHornsea Three offshore aasledor can lbeoadly divided into four sections that reflect regioda.5.17 Cable burial throughBledéders Bank formation and Cretaceousihlal&y result the release of

scale spatial variation in hydrodynamic conditions and sediment cliagaceiisiediel.29. a range of sediment grain sizes, depending on the locéheaederedntary uaitsl cable burial

The sealtk and subeabed sediment composition alongffthere cableorridor is highly method useth practice, thessdiment undse unlikely to disaggregate entirely into the finest possible
heterogeneous. In most locations, the majority of disturbed material will be coarse sand and gravelsonstituent particle sidae to the cable burial methods being assessed. This is particulafly true for nor
However, when installing through the Bolders Bank formationociakdaitgodiclarepresent jetting installation methsads as ploughiwdich, given the density of the sub seabed sediment units

at the landward end ofHbensea Three offshore cable corsmiog of the released material may along parts of thlernsea Three offshooeidor, are more réiabdly expected to be used in these

also include some proportion of fine grained (i.e. <63 um) sediments, depending on the degree oareas (DNV, 20Hyured.9. Also, even when fully disaggregated, the Boulders Bank formation does
disaggregation. not comprise 100% fine grained m&tieuahing (without simultaneouslivapkwould result in

trench dimensions up to that described for mass flow excavation, but will result in a much lower ra

4.3.5.15 It is imm@ctical to capture the full detail of sediment heterogeneity in detail within the context of th'ssediment resuspenstzence this method has not been explicitly assessed.

assessment, which instead considers a series of maximum design-stEmaeo steharios.
These are: 4.3.5.18 The main sources of fines withtfotheea Threeray area are from muddy sandy gravels, which are

. more commonly found in deep central eastern
T Mass flow excavation through 100% (coarsg)ga@Eum); central northern areas (associated with Oufei) Sitvareas of muddy sandy gravels, the proportio
1 Mass flow excavation through 100% (medium) sand (375 um); and of fines is expected to be typically 5 to 20%, but up to 50% in discrete areas. In other areas, the prop
T Mass flow excavation through 100% (fine) silt (10 um) of fines is expected to be much smaller (typically less than 5%).

Tabled29 Summary of spatial variation in hydrodynamic and sedimerdaagtehistics along thaffshore cableorridor
jetting parameter optimisation dredging system
Parameter Section 1 Section 2 Section 3 Section 4 ‘ /
______ Fommmmmmes PR
Representative spring pe 10 10 0.75 0.5 T Jetting Cutting
current speed (m/s) ' ' ' ' o R
= share vibration,
[i:] . . . .
Sands and gravels | Sands and gravels | Sands and gravels 35 jetting rock ripping
Sands and gravels vina Bould vina Bould vina Bould @ support
Sediment characteristics | overlying chatk overlying boulders | overlying Boulders | overlying Boulders
laces Bank/ Botney Cut Bank/ Botney Cut Bank/ Botney Cut
P Formation Formation Formation Density: very loose loose medium dense dense very dense cemented -%— cohesionless soils (sands)
Max trench dimensions |6 m x 2 ml 6 m X 2 mle m  x 2 mle m  x 2 m Strength: very soft soft firm stiff hard, chalk rock -4— cohesive soils (clays)
(width x depth, profile) 100% ejected 100% ejected 100% ejected 100% ejected
Mineral density (kg/m) 2 650 Figured.9: Indicative bual tool suitability in different ground conditions (DNV,.2014)
Assumed sediment poros 40
(% void)

4.3.5.16 These three scenarios represent the full potential range of change dfotieirdteatisn, spatial
extent o€hanges t&SC, and maximum thicknesses of sediment deposition. In practice, a release
comprising entirely fines is very unlikely.
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4.3.5.19 Results from the assessment scenarios olthbéxl.#9and above are presentdabiel.30and Table4.30 Suspended sediment concentration and thickness of sediment deposition as a result of cable burial in 100% gravel

will continue through all states of the tide, including current speeds lower than the highest loc Average
(peak) value. Because of the uncertainty with regards to how high into the water column fr Limited . _ J
. . . . . : Limited SSGin the Average
material may be ejected-suspended, results are provided for a realistic range of heights (1, _ _ Distance length of _ - _
. L. . . . ) Representativg . Time br . duration of limited thicknessof
10m). A greater height of ejection will lgaoténtzally longer plume duration and a greater dista Height of plume influenceon |
. . .. . . current speed| | resettlement| . influenceon length / seabed
of influence, but also a corresponding reduction in SSC and deposition thickness. Because the ejection (m) advected byl SSCin _ N
. . . (m/s) (s) SSC locally | duration of | depositior?
tool moves relatively quickly (208 m/hrs perivietre progreysanyinfluenceof the lume current (m) | downstream _
) . o N N ) . L (s) influence (m)
experienced downstream will be similarly limited in duration to approximately 17 s, after whi direction (m)
. . . . (mg/ly
plume will have been advected downstream past the location of the receptor, or will be inste
an area of seabed elsewhere. 0.25 1 2 0.5 0.5 2.0 Mn 12.00
4.3.5.20 Followinghe same principles, changes associated with cable burial into 100% fine grained se imen? Wil ! 2 1.0 1.0 2.0 Mn 6.00
be similar to that described for s@alll@.31for the predicated actual plume length in a downstream 0.75 1 2 15 1.5 2.0 Mn 4.00
direction (&.to 17.81), the duration of change to SSC localyy &nd3he average level of SSC 1 1 2 20 20 20 Mn 3.00
(hur.ldreds of thous_angls of mg/l). will be the same for fines in areas near to.actlve cgble burlalo_ligne 5 10 25 5 10.0 HnTh 2 40
sediment may persist in suspension for longer than saridai@)dent the plume will be subject tg
sianifi - L : - : JOE 5 10 5.0 5.0 10.0 HNnTh 1.20
gnificant dispersion in that time, reducing any change to SSC to tens of mg/l or less in_the e
timeframe. As a result of dispersion, no measurable thickness of accumulation of fine sediménbis 5 10 7.5 7.5 10.0 HnTh 0.80
expected. 1 5 10 100 10.0 10.0 HNnTh 0.60
0.25 10 20 5.0 4.3 17.3 HNnTh 1.20
0.5 10 20 10.0 8.6 17.3 HNnTh 0.60
0.75 10 20 15.0 13.0 17.3 HNnTh 0.40
1 10 20 20.0 17.3 17.3 HNnTh 0.30
a U unitgsingle digit); Trtens; Hii hundreds; Ththousands; TnThens of thousa)dHnThi hundreds of thousands
Mni low millions.
b Average thickness based on the total volume of sediment released and the distance the plume is advecte
Large deposit thicknesses (e.g. >Bfoii@ombination with relativelyf@otaitints will more realistically correspo
broader and less thick deposit with slopes at the angle of repose for the sediment. Each row of resultssis |
scale of possible outcomes.

Table4.31 Results are presented for a range of representative current speeds, noting that cable burial

(settling rate 0.B/s)
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Tabled.3L Suspended sediment concentration and thickness of sediment deposition as a result of cable burial in 100% sand
(settling rate 0.0%/s)

4.3.5.21 The main findings of the assessment can be summarised as follows:
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1 Firer material will be advected away from the release location by the prevailing tidal current. F

initial concentrations (similar to sands and gravels) are to be expected but will be subject to r:
dispersion, both laterally and vertically;liaak@aund levels (tens of mg/l) within hundreds to

a few thousands of metres of the point of release. In practice, only a small proportion of the mat
disturbed is expected to be fines, with a corresponding reduction in the expected levels of SSC;

1 Irrespective of sediment type, the volumes of sediment being displaced and deposited locally

relatively limited (up b®6er metre of cable burial) which also limits the combinations of sediment
deposition thickness and extent that might reatisticalyralamentally, the maximum distance

from each metre of cable trench over whafls6diment can be spread to an average thickness

of (for exampl€).05m is 12@n; any larger distance would correspond to a smaller average
thickness. The assesdnseiggests that the extent and so the area of deposition will normally be
muchsmaller for sands and gravels (although leading to a greater average thickness of deposit
in the order of tens of centimetres to a few metres) and that fine mdistriaiegt beuch

more widely, becoming so dispersed that it is unlikely to settle in measurable thickness locally.

4.3.5.22 If cable burial, or any other activity causing sediment disturbance, is undertaken simultaneously at t

_ Average
Limited . :
: Limited SSCin the Average
: : Distance length of : _— .
Representative . Time for : duration of limited thickness of
Height of plume influenceon |
current speed| = resettlement . influenceon length / seabed
ejection (m) advedted by SSCiin i »
(m/s) (s) SSC locally | duration of | depositior?
current (m) | downstream :
L (s) influence (m)
direction (m)
(mg/lp
0.25 1 20 50 4.3 17.3 Mn 1.20
0.5 1 20 10.0 8.6 17.3 Mn 0.60
0.75 1 20 15.0 13.0 17.3 Mn 0.40
1 1 20 20.0 17.3 17.3 Mn 0.30
0.25 5 100 25.0 4.3 17.3 HnTh 0.24
0.5 5 100 50.0 8.6 17.3 HnTh 0.12
0.75 5 100 75.0 13.0 17.3 HnTh 0.08
1 5 100 100.0 17.3 17.3 HnTh 006
0.25 10 200 50.0 4.3 17.3 HnTh 0.12
0.5 10 200 100.0 8.6 17.3 HNnTh 0.06 4.411
0.75 10 200 150.0 13.0 17.3 HnTh 0.04
1 10 200 200.0 17.3 17.3 HnTh 0.03
a U- unitgsingle digit); Tens; Hii hundreds; Ththousands; TnThens of thousands; Hhfindreds of thousands
Mni low millions.
b Average thickness based on the total volume of sediment released and the distance the plume is advecte 4.4.1.2

M

Medium to coarse sand gravels are likely to result in a temporally and spatially limited plume

more locations that are alignesdation to the ambient tidal streams, then there is potential for overlap
between the areas of effect on SSC and sediment deposition. The jotabiizfionieffects on
SSC and sediment deposition are discussed in paBagr2ph

A Cumulative Effect Assessment (CEA) has been undertaken to consider the impact associated
Hornsea Three together with other projects and plans. Each project on the CEA long list (see anne:
Cumulative Effects Screening Matrix and Location of Schemes) has been considered on a case by
basis for scoping in or out of the marine processes chapter, based upon data coadelgioce, effect
pathways and the spatial/temporal scales involved.

In terms of the potential for cumulative cha&®§€sbed Levels and sediment type, the screening
approach described above was informed using modelled spring tidal excursion ellipses. This is bec
meaningful sediment plume interaction generabytloalydiential to occur if the activities generating

the sediment plumes are located within one spring tidal excursion ellipse from one another and occ
the same time

affecting SSC levels (and settling out of suspension) in close proximity to the point of relgasg. 555 en the length and orientation of tidal excursion ellipses in tHewisimtybiei is the case

will be locally elevated within the plume close to active cable lemsabupuedteds of
thousands of mg/l. Howevechtnegevill only be present for a very short time locally, in the order

of seconds to tens of seconds for sand or gravel, before the material resettles to the seabed

Depending on the height to whicltideains ejected and the current speed at the time of release,

changes iIB8SC and deposition will be spatially limited to within metres (up to 20 m) downstream of

the cable for gravels and within tens of metres (up to a few hundred metres) for sands;
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that the potential for sediment plume interaction would be limited to instances in which Hornsea T
construction activities withinHvsea Three offshore cabteédor occur simultaneously with
‘aggregate dredging @&as, This potential cumulative change is discussed further below
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4421

4422

4423

4424

4425

Hornsea Three and aggregate operations 4.4.2.6

Annex 1.AMarine Processes Technical Annex
Enviromental Statement
May 2018

The interaction between sediment plumes generated by construction activities along the Hornsea T
offshore corridamd those from nearby aggregate dredging could occur in two ways:

There are three marine aggregate areas (either already licensed or under application) located within a

distance of one spring tidal excuitgyee &orhlornsea Tée. These are:

1 Humber 3 (484);
1 Humber énd7 (506); and
1 Humber &83).

4.4.2.7
The locations of these three sites are shogureiilQ

Details of these marine aggregate areas are prawadahe 2, chapter 1: Marine Processes. The

1 Where plumes generated from the two different activities meet and coalesce to form one lar
plume; or

1 Where an aggregate dredger is dredging within the plume generated by Hostsedidimree con
activities (eice verga

For two or more separately formed plumes that meet and coalesce, the physical laws of dispersion t
mean concentrations within the plumes are not additive but instead a larger plume is created with re
of potetally differing concentration representative of the separate respective plumes. In contrast, in

target material at these marine aggregate areas is sands and gravels. Characteristically, the aggregaf@Se Of plumes formed by a dredging vessel operating within the plume created by foundation instal
deposits in this region are understood to contain <5% fines (silt and clay) in situ and, therefore, th@" bed preparation activitisso@rergathewo plumes would be additive, creating a plume with higher

corcentrations of this fraction in the overflow from the dredging vessels are anticipated to be relativel§'SC

low. 4428

Aggregate extraction operations may release sediment into the water colurspithemajbrover
screening. The spatial extent of this plulagely be determined by the sediments being extracted
and the local hydrodynamic regime: heavisiagdalrticles will settle rapidly at the discharge point,
whilst sansized particles typically settle within about 250 m to 500 m, dad wiikne Sidal

currents are strong (Hitchcock and Drucker, 19%4;d 061). If screening is not used, the volum

of discharged sand is much smaller and changes may be confined to the extractairahrea (Newell
2004).

Of direct relevancehts investigation is the plume dispersion modelling results for Application Areas
483 and 484 (ABPmer, 2013). In brief:

1 Dredging will create a turbid plume, in which its maximum extent is predicted to ken17.0 and 15.5
in either a northwest or soutd@astion from the dredge location (depending whether dredging
occurs throughout a flood or ebb tide) for Areas 483 and 484 respectively;

1 Maximum increases in-bedrconcentrations could potentially exceed 600 mg/l in close proximity
to the dredgertiwin the application areas for a period of one hour, before reducing to circa 50 to
150 mg/l for the remainder of the dredging period;

4.42.10

There is a high degree of likelihood that both forms of plume interaction described above will occ
some point during the construction phase. Howevet if dmiisgated thatniest common form

of plume interaction during the construction phase will be associated with the coalescing of seps
plumes. This scenario may result in a combined plume of slightly larger extent than envisaged or
basis of cable and foundatioriatista alone

Should cable installation or offshore accommodation/ substation foundation installation be taking f
within the offshore section of the Hornsea Three offshore cable corridor at the same time as dredgel
operating along the westemgimaf the Humber 5 aggregate area or eastern margin of Humber 7
aggregate area, it is possible that any fine sediment plumes from the respective activities woulc
additive. This would give rise t ohahdesgripedr <c on
in sectiod.3.5 However, these higher concentration plumes would not be expected to persist for mu
longer than a few hours.

The potential for material dispersed during cable layingthatititeeslarnsea Three offshore cable
corridor to deposit within aggregate dredging areas is considered to be extremely low. This is bec
the levels of deposition predicted during cable laying activity are minimal (< ~0.93fromvithin 200
the Horrea Three offshore cable corridor, as described th3Z8ction

T Following the cessation of dredging (i.e. following a single dredge period), SSCs will retyrp ¥ 1¥€3tinally, it is noted that spring tidal excursion ellipses are relatively rectilinear within and nearby tc

background conaatibns over approximately four days on spring tides, or slightly longer on neap
tides; and

aggregate sites. This means thatigh at times during the construction phase some plume interaction
may occur, the number of occurrences is expected to be less than for an equivalent setting with r

T The maximum sedimentation thickness predicted as a result of the dredge plumes is around 1 Mipytary tidal excursion characteristics.

at/in very close proximity to the dredge location. These cedmo&ntegses, however, will be

transitory (i.e. come and go) with the changing flood/ebb and spring/neap tide variations in the flows.

.
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5.1
5.1.1.1

5.2
Turbid Wakes Associated with Foundations 5211
Overview

5.3

Recent analysis of Lan8ssdtellite imagery (Vanhellemont and Ruddicks2titéyihncreases in
SSC(turbidity) in the wakes of individual turbine foundations in the Thanet andffshdmn Array 3 1.1
wind farmis the Outer Thames Estiragyi(eb.1) (NASA, 201@his section considers the potential

for similar features to develop within the Hornsea Three array area.

— Sediment plume

5.4
5.4.1.1

— Boat wake

5412

Figure5.l: Landsat 8 satellite imagery of Thanet offshore wind farm, acquired 30/06/2015 (NASA, 2016).

Baseline conditions

Baseline cottins pertinent to the consideration of turbine wakes within the Hornsea Three array ar
have previously been summarisection.2

Evidence base

Turbid wakes have been observed at several winthéaoue T hames estuary (e.g. Vanhellemont

and Ruddick, 2014; NASA, 20h6)turbid wake features observed at Thanet and London Array
offshore wind farame aligned with the tidal stream and their direction changes with the tide. The featur:
arerepored as being typically 30 to 150 m wide a
each turbine; in one case the pl unfskorewiach be
farm The plume length is suggested to relate te-ititegrated current (i.e. the tidal excursion
distance) since last flow reversal and the particle settling velocity, with absolute SPM concentrat
reported as being ®poobadbeédi epentdeme ampod nwat
Rudlick, 2014).

Assessment

The actual source of the sediment and the physical processes causing the turbid wakes observe
Thanetffshore wind faane not addressed in detail by Vanhellemont and Ruddick (2014) although the)
suggest that local scour ardl turbine monopile foundations is a possible cause and they note that
the foundations at Thaoféshore wind famio not have scour protection. Howeversituo in
observations or investigations have been reported to date for this or amlytbérerastesaneral

reasons why local scour is unlikely to be the cause, as presented below.

The satellite data ussdVanhellemont and Ruddick (283%4pllected in collected in April and
September 20{REgureb.2). All of # foundations at Thavféthore wind fawere in place by June

2010, arourtdreeyears before the satellite imadgeguird.2 was acquired. Foundations were being
installed in Londamayoffshore wind faimom 2011 (fplbpened in 2014), so the foundations present

in the 2013 satellite images will likely have been present for months or even years. Local scour is a
dependent process and will occur until an equilibrium depthsectesthel The time taken for

the equilibrium depth to be reached will vary depending upon the nature of the seabed geology but v
erodible sandy sediments are present, may be achieved within a period of hours to a few da
According) the majority of scour should have already been achieved by the time the 2013 satell
imagery was acquired.

.
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Figure5.2:

5413

Thanet offshore wind farm on (a) 2428 (10:54 UTC) and (b) 20833 (10:54TC) (from Vanhellemont and
Ruddick, 2014).

Comparing the interpreted seabed sediment type maps with the location of turbid wakes in the Tk
offshore wind fastmows thaurbid wakes are also present in areas where the local seabed sediment
type is not susceptible to scour. The southern margin of the array is characterised by the present
chalk either at or very close to the seabed yet similar turbid wakesedalsthibar@agure

5.3). The chalk will be considerably more resistant to erosion than the unconsolidated surficial sedim
found elsewhere in the site and it is therefore unlikely that activs liheataose of the observed

turbid wake in these areas.

The satellite data also show large areas nearby but outside of the wind farm array areas that have h
(naturally controlled) surface SSC than that within the two wind farm arrays@anugisehigiaas

the associated turbid wakes. These areas appear to correlate with shallower parts of the Outer The
Estuary (where the naturally presabedturbidity is naturally mixed upwards to the water surface).

Therefore, rather than bemgebult of enhanced erosion, it is considered more likely that the turbid
wakes associated with the foundations in Thanet and Looftihofenaind farare the result of
the upward turbulent mixing of naturally present suspended sediment fimdteveolumn.

The sediment in the turbid wake likely originates in the naturallyprddayenefirelatively higher
SSCcaused by friction between the tidal current and the seabed, potentially enhanced by wave aci
Suspended sedimerthisnearbedlayer advecting througlathey arewill become entrained within

the turbulent wake in the lee of individual foundation structures and mixed upwards by turbulent difft
becoming visible at the water surface. As the magnitudecef ituthel wake decreases with time

and distance from the found@iroer of minutes and hundreds of miteesite of downward
settlement of the material will exceed the rate of upward dispersion .t tilmisuperice the

TheSSCn the surface waters of the turbid wakes (estimated from the satellite data images) is betweenmaterial in suspeswill naturally tend to settle downwards and out of the surface waters, reducing tt
10 and 30 gftequivalent to mg/l). Using a representative water depth for the sites, the volume of water gyrface concentration towards ambient background values until the plume feature is no longer visibl

in the wake from one foundation can be estimated as*{2ithateep x 50 m wide x A0RDQ).

The total mass of sediment in suspension (assuming a representative concentration throughdufthedwakelatively finer sediments have a lower settling velooityll ascham in surface waters at lower

of 20 g/@ is 20,000 kg. Assuming a sedimeaitly ddy650kg/m and a porosity factor for seabed
sediments of)this total mass equates to approxirBatelyf $eabed sediment3ifiiof seabed
was being eroded from around each foundation every halsbdw(eskrthis would cunudbti

turbulence intensities, and will take longer to settle out even when the turbulence intensity is low, res
in a greater plume length. Coarser sedilmemsrsarurbid wakes are also, therefore, unlikely to
occur at all where or when the sediment is too coarse or the current speed is too low to cause a sulffi

result in serious erosion in a short time scale, however, there is no such problem reported at these sitdgte of natural resuspension of sediagmetd In relatively greater water depths, it is also less likely

Rather than assuntimafa large volume of sedimédmgirgeroded locallipetsame mass of sediment
in suspensigrer unit argaverywheyean be more realistically achieved by resuspension%of only 0.2

mm sediment thickness uniformly from the(seatyedhere) 5419

that anyearvedsuspended sedimenitlvalcarried all the way to the water surface (to form a visible
wake feature); the upward mixing might still occur, but only to some lower level in the water column

The Outer Thames Estuary is characterised by a greater abundance of finer sasdelgnt and re
shallow water depths. The relatively coarser seabedygedandrithe greater water depths within
theHornsea Threeray aremake it ledkelythat the current wakes behind foundations in this location
(described section?) will become visibly turbid at the water surface. Any upwards mixing of turbidit
from a naturally preseeatbedlayer will be offset by a corresponding dilutioneaitbe
concentration.

54
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5.4.1.10 Turbid wakes are not aitaidn of ongoing local seabed erosion caused by the foundation. Sc6uring
of the seabed immediately following the installation of foundations is considerszttegdately in~

[ Clayey Sand

[ silty Sand

[ Jsand

]:l Subcropping Tertiary Beds

I Outcropping Tertiary Beds

I Chalk at/or Close To Outcrop *
Beam Trawl Scars
Megaripples

Sand Ribbons
Sandwaves

Grab Sample Locations
#*  Charted Wrecks
*  Located Wrecks

e -1

i S
1 / A

& Ciir oyl s catsbne rgits Lowmen ety =0 1BsseIcne

\\BY2 R@fé’nn(M‘ *
4 *

gt
3,

[ Wind Farm Location
+ Proposed Turbines x 83
4 Offshore Substation
= Proposed Cable Route 1
= = Proposed Cable Route 2

Title:

GEOLOGY, SURFACE SEDIMENT AND SEABED
FEATURES WITHIN THE THANET SITE

Project:
THANET OFFSHORE WIND FARM

THANET OFFSHORE WIND LTD

Drawn by:  [Checked: Drawing No:
SMG SDG 9P5164/08/704

Date Figure
25/10/2005 6.14

Revision No:

Scate:
005 1 15 2
004

Kiometres

Rt dy gorrfagien of e Cevater of Mo Majostys Shationiry Offce ind the LY Myt oashic Cflce (wm ik g ok

—= -

ROYAL HASKONING

Figure5.3: Geology, surface sediments and seabed features within thedffsnee wind farriromRoyal Haskoning,

5.5 Cumulative changes
5.5.1.1

2005)

6.1
6.1.1.1

6.1.1.2

6.1.1.3

6.1.1.4

As stated igection5.4 the likelihoarf current wakes behind foundations in this location becoming
visibly turbid at the water surface is considered to be relatively low. Any upwards mixing of turbidity from
a naturally present Haeed layer will be offset by a corresponding dilutheauwbiettieoncentration. Il

However, should turbid wakes occur, the potential for cumulative interaction widinsekes from H

Project One and Hornsegelet Two isonsideretb beverylimited This is becauserbidwake

features will be aligned witlidhkaxis which is broadly northwest to southeast across the Hornsea

Three array area (i.e. parallel to rather than towards Hornsea Project One or Hornsea Projec{_3

Landfall

Overview

The proposddiornsea Three offshmoaidoandfall is locatbetweeWeybourne Hoped Kelling

HardFor the purposes of this assessment, the landward limit of the landfall is defined by the HAT r
whilst the offshore limit corresponds to a distance of approximately 3 km offshore from the MHWS
(i.e. the furest possible seaward extent Bibtiiwontal Directional BADID{exit location).

The preferred cable installation method at the landfall has not yet been determined although may in
HDD, thrust boring or open cut trenching.

Both the Sheringh&hoal and Dudgeofishore wind faewport cables also come ashore at
Weybourne and the various studies undertaken to support the cable landfall installation works for t
separate developments have been used here to help inform the assessment.

There g severalourcgdathwaysgiawhictihe morphology of the landfall could potentially be impacted:

T

T
T

Disturbance of sediments, resulting in localised elevations in SSC and associated changes to
levelgconstruction);

Excavation of the seabed cowddtiady enable more wave energy to propagate further inshore
as waves experience less friction and shoaling/breaking effects over and in the lee of the HDD
pits. The local change in water depth may also cause changes to patterns of lighélyefraction, s
changing the direction of travel for wave crests over the excavated area;

The HDD exit pits could potentially intercept and trap naturally occurring alongsthome and cross
movement of sediment through passive infilling. This could tbeercpeadiyof the beach

outside of the initially excavated area and/or reduce the onward supply of sediment to other par
the beach, resulting in slight changes to sediment budgets and beach morphology;

Deposition of the excavated material wotddaleadcrease in local seabed elevation. If these
changes are of sufficient magnitude to alter the nearshore wave regime, changes in bea
morphology could potentially result;

The presence of the cofferdams could modify the nearshore wave megigeateds e
alongshore sediment transport. The cofferdams could diisolptlygheatransport of sediment

locally;

Presence of cable protection measures in the nearshore area causing changes in seabed / be
morphology (construction/ opgration

Exposure of cableadingo changeis longshore sediment trangguetationand

Coastal recession, leading to exposure of jointing bay infrastructure on the beach (operation).

1_1"‘69)5 These are considered in turn, sdttiort.4
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6.1.1.6 The assessments presented in this section have been carried outhesegl sateglalitative
assessment approach. There is a degree of inherent uncertainty in relation to the range of possible
outcomes when making sisslessments, including the exact nature of the designs and engineering
approaches actually used, variability in the environmental conditions that might be experienced, and the
actual interaction of processes and response of the environment tol aimanuseniidne
assessments are considered to provide realistically likely results, although it is recognised that there is|
inherent uncertainty in morphological assessments of this type.

6.2 Baseline conditions

6.2.1.1 Baseline characteristics of the landfallfgrelrenarised belbased otine findings afnearshore
geophysical survey (Fugro, 2@d7hitial intertidal walk over survey (&olédmeex 2.Benthic
Ecologyechnical Repoanda reviewf theexistingublichavailable information

1 The shaline in the area of the proposed landfall is formed of a steep shingle beach overlying a
chalk base. In places, the beach fronts eroding cliffs comprisifgigladal diidFigure
6.2);

1 Outcrops of peat have been identifiedridballyicinity thie landfall (Warren, 2013)

1 The landfall area is characterised by ongoiageaifAlong the frontage from Kelling to
Sheringham, the average rate of esagppnoximately 0.5 m/yr (Scira Offshore Energy Ltd, 2006); Figure6.1: Weybourne Hope shingle ridge beach, with low cliffs in the background

1 Net drift at the landfall is thought to be to the west (HR @alljri2i6&). However, there is
high potential for annual variability in drift rates, which are anticipatedweeaveesesbe
depending on the prevailing wavéawidR Wallingfqi2D04);

T The preferred shoreline managemergtdo,pladnd oawptnigon for the proposed | andfall i s |6do not hi
continued erosi@vorth Norfolk District Council,;2010)

1 During winter ntbgs average SPM concentrations at the surface of the water column is typically
around 30 mg/l whilst during summer months, values are usually around 10 mg/l. However, it should
be noted that owing to the shallow water depths waves will regulanstimttieelsedshallow
areasSSCmay be in the order of hundreds to thousands of mg/l, especially during storm events
and

1 Partof thanshoreiearshore aréee. betweehmLABNd-20mLATarecharacterised by the
presence of chalk found at or wseytol the seabed. Surficial coarse sediment units are typically
associated with megaripple bedforms, whilst sandwaves are encountepadchddgdiised
HydroMap, 2Q1eugro, 2017).

Figure6.2. Eroding cliffs and steep shingle beatthe landfall
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