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Disclaimer

MetOceanWork#as prepared this report for the sole use of the client and for the intended purposes as stated
in the agreement betweenMetOceanWorksand the client under which this report was completed
MetOceanWork#as exercised due and customary care in preparing this report but has not, save as specifically
stated, independently verified information provided by othelo other warranty, express or implied, is made

in relation to the contents of this reparThe use of this report, or reliance on its content, by wiharised third

parties without written germission from MetOceanWorkshall be at their own risk, antMetOceanWorks
acceps no duty of care to such third paes. Any recommendations, opinions or findings stated in this report

are based on facts and circumstances as they existed at the time the report was prefpayethanges in such

facts and circumstances may adversely affect the recommendations, opinions or findings contained in this
report.
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b2NIK LNRAAK {SI I NN}¥& 2AYyRTFINY [GR obL{!3S KSNBFIFGEGSNI I
Request for Further Information (RFI) issued by An Bord Pleanala (now An Coimisitn Pleanala) as well as the
third-party submissions received follofvy 3 LJdzof AO O2yadz GFdAz2yd 4G 'y [ 2A
Developer has also continued to consult with stakeholders in respect of the 2024 planning application
throughout 20242026. The Developer has refined elements of the design to respond to thiedtparty

submissions, the continued public and stakeholder consultation and the Bl details of consultation

undertaken can be found in Appendix AlQonsultation Report

For the purposes of clarity, this document shall be read in conjunction with the Appen@ix2 $ubmitted as
part of the 2024 EIAR.

Any cross reference to a chapter, section, table, image, figure or appendix within this document is to another
location within the Addendum to the EIAR unless explicitly stated otherwise. Any cross reference to anything
included in the 2024 EIAR will beedlrly labelled as such.

The RFI Response Document identifies where topics relevant to Marine Geology, Oceanography and Physical
Processes are responded to. In summary:

I Topics 7 (g), (h), and (i) (part) are addressed in the amendment to ChapteMEdine Geology,
Oceanography and Physical Processes

I Topic 7 (f) and (q) (part) are addressed in Appendik0.1: Marine Processes Review of Project
Options

1 Topics 7 (a), (b), (c), (d), (i) (part), (I) and (p) are addressed in Appeitix2 Marine Physical
Processes Numerical Modelling

1 As dredging is no longer proposed, topics 7 (m), (n) and (0) no longer apply and Appendix 10.3 is
removed.

I Topics 7 (e), (j), (k) and (q) (part) are addressed in AppeAdid.3 Supporting Assessmergensitivity
Studiesproviding details of sensitivity tests to justify the present modelling approach.

The sections relevant to Appendik10.3 in the RFI are included below.

GoBe_C00002_RO0O1_RFI_Marine_Processes 1
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RFI Section RFI Relevance to Chapter
The scientific information provided as part ¢
the planning application documentation
P g app Thetimeframesassociated with the RFI
should be based on ui-date survey reports ) ,
) ) ) havenecessitated review of the datasets
and data.Accordingly, the applicant is i )
, : previously used in the 2024 EIAR to ensur
requested to confirm/provide .
T e any necessary updates to the baseline
1 (b) justification/verification that the )
i ) o environment are captured. Therefore, a
information submitted in support of the , i }
) o i review of themarine physical processes
planning applicatiomemainsrelevant ) _
] ) modellingbaseline resources has been
andappropriate atthe point )
. ) i undertaken tocomply withRFI 1 (b).
of submittingfurther information or to
update same agequired.
The applicant is requested to characterise t
existing environment in terms of the
sediment transport regime in the form of
coupled wave, wind, hydrodynamic and
sediment transport modelling. As indicated
Appendix 10.2, the SWAN model was utilis
for the assessment of waves and
theMIKE21FM (Flexible Mesh) 2D modellin
package was utilised for hydrodynamic
modelling. The separation of the wave,
hydrodynamics and wind influences does n ) ) .
_ The matters raised are addressed in Sectiq
allow for a comprehensive assessment of t . )
) 4 (Morphodynamic and Coupled Modelling
impact of the proposed eivelopment on ) ) )
) i ) Section 5 (Climate Change) and Section 6
marine processes. The applicant is request] .
7 (e) (Interdependency Between Marine

to submit a coupled model in order to
demonstrate the interaction between waveg
hydrodynamics and wind influences. The
applicant is also requested to undertake a
greater range of sensitivity rurie examine
the coupled model performance. Model
scenarios should include an assessment of
extreme events e.g. 10%, 5%, 2%, 1%, 0.5
0.2% annual exceedance probability (AEP)
events and joint probability occurrences of
tidal, surge and wave conditions. The
applicant is requested to assess these
probabilities in modelling scenarios and
provide for climate change.

Processesyhich providesthe technical basig
supporting the conclusions set out in
Chapter 10

GoBe _C00002_RO0O1 RFI_Marine_Processes 2



Prepared for GoBe

A10.3- Supporting Assessment Sensitivity Studies

70

The applicant is requested to include the
impact of wind blocking on coastal process
It is requested that this be addressed throu
site specific wake and wind field modelling,
considering the entire windfarm layout.

The impact of windblocking on coastal
processes iassessed, witthe inclusion of
the proposed developme®RWTG
parameters, the assumptions applied to
windzlockage, and the associated
windZvake modelling and sensitivity studie
is addressed in Section 3 of this document.

76

The applicant is requested to use coupled
modelling of the leeward environments

between the proposed array and the coastd
zone to assess the combined impact of tidg
wind and wave blockage.

Section 4describeghe modellingproposed
developmentof impacts arising from the
proposed developmenon coastal sediment
transport

See also resp@eto 7 (e)for a response to
coupled modelling

70

The longer term morphodynamic impact of
the development including cable armouring
scour protections and wind turbine
foundations is not assessed. This requires
coupled wind, wave, hydrodynamic, and
sediment transport modelling. The applican
is requestedo submit modelling of the
morphodynamic response of the coastline t
the proposed development. Morphodynami
Modelling should be extended over a series
of longer time horizons, operational plus
decommissioning, ie 40+ years, and
compared with the nordevdoped scenario
for the same time period.

In Sectior, 4 and 60f this report,the
assessment examines whethiéie wind-
wake effecthas a significant additional
impact on wave conditionsyhetherthis
effect could modifycoastal processes in a
way that would influence the morphologica
response of the coastlineand whether
coupled wave and hydrodynamic modelling
produces a significantly different blockage
result to single process models.
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1 Introduction

This document responds t&ection 7- Marine Geology, Oceanography and Physical Procesdéexhedule-

Further Information Requesissued by An Bord Pleanala (now An Coimisitn Pleanaleg@spect of application
Ref. ABR31986624and specificallythe issues discussed #te meeting on § November 202§Meetingunder

Art. 5(6)(c) of the Planning & Development (Maritime Departmemgulations 2023.

In brief, Section 7- Marine Geology, Oceanography and Physical Processgsheflule- Further Information
Requestefers ta

91 clarificationsrelated to informationpreviously provideavhich isbhased on welestablished approaches
andsupported bycurrentindustry guidanceand

1 suggestiosto provide alternativeapproacteswhichappear to go beyondell-established approaches
andare not representedn currentindustry guidance

Theformer set ofissues are addressed withihe relevant set ofaddendafor Chapter 10; Marine Geology,
Oceanography and Physical Processereas the latter set of issueseresponded to in this document.

1.1 Summary of issueandreport structure

ThespecificRFIsaddressed in thisocument cover 7e, 7j, 7land 4. Thelocations within this document
where each response can be found is describebaiblel.1.

Tablel.1: Sections relevant to Appendix A1Gmthe RFI

Description Location in this

document

7j Request to analyse the impact of wind blocking on coastal processes Section3

7k Request to utilise coupled wave, wind, hydrodynamic, and sediment trans Sectiord

and modelling, and use coupled modelling of the leeward environments

e

Te Provide for climate change Sectionb

7q Longer term morphological impacts over 40+ years Sectiord
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2 Approach toMarine Processes Assessment

2.1 Background knowledge, experience and guidance

The development of offshore windfarm projects has matured over the last 25 yétdrsnany NorthEuropean
countriesbeing early adoptersCompliance with Elégislation forEnvironmental Impact Assessment (HiA3
beensuccessfullgemonstrated with multiplelevelopments Thedelivery of these developmentsasbeenwell-
supported from several thematic programmesproviding technical guidance anelvidence reviewswhich
includesthe topic ofmarine and coastal procesRelevantpublicationsinclude[1], [2], [3], [4], [5], [6], [7], [8],
and new guidancefrom Scottish Governmerdue to be published later i2026 amongst othersimportantly,
over the last 25 yearthe latesttechnical guidanceemains relevantasbigger projects mow further offshore
into deeper waterwith adaptationsin design(e.g., floating offshore wind)and changes inenvironmental
conditions(e.qg.,stratification). In addition, theemerging evidence bassdds value to theverallassessment
approach.

2.2 Background evidence base

Notably,there have been neeported casesto date where anEIA for aroffshore windfarm or an operating
project, hasidentified or reporteda significanimpact onanymarine and coastal processeceptor. In addition,
presently availablenonitoring evidencéhas upheld assertions made withime associated marine and coastal
processes assessme(ite., monitoring evidence has not identified any greater effects than trassessed
within an EIA).

The portfolio of existing projectsnd associated monitorindias developed an important evidence bdse
marine processssuege.g.,[3], [4], [6] and [7], amongst othergyhichsupports the evidencbkased approach.

2.3 Background design assumptions foEIA versus sbuilt design

The design anctonstructionassumptions assessed for an Blgically represent thenaximum parameter§.e.,
largestsize amountor numberof items etc.)of possible option# orderto retain design flexibilitghrough the
consenting processvhereas theasbuilt project isrequired not to exceed thisonsenteddesignand is expected
to lead to lesser environmental impacts than those presented in thelBh&rently, the EIA adoptsecessary
conservatisms irdesignwhich also help to manage residual uncertaint{esg., design assumptions, data,
methods etc).

2.4 Background the role formodelling

Modellinghas beenappliedto support the ElArelated marine processes assessmemwever, not all issues
require modeling. All relevant surces of potential impact arimitially assessed andtheir effectsconceptualised
Where these effects can be supporteg relevant evidencer are deemed to remain close to sourcalt
scale andwith no risk to anyassociated receptor then modelling is not considered necessary or appropriate
(e.g., potential effects from prgrapnel runsdo not require modellingdue to localised, smaficale and
temporary effects etc). Wherethese effects are likely to spread further afield aisk an impact on a receptor
then these effects are investigated widppropriatemodelling toolqe.g., the spread of sediment plumes, etc.)
These investigations al®sed on scenarios th&rget representative conditions expected to occur within the
developmentlifecycle and locations which are likely to place the greatest riskntassociated environmental
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receptor. This is a wellinderstood standardandtargetedapproachto marine physical processes assessment
which remains practical, achievable and relevant to areBthis the basis dhe presentmethodof assessment

2.5 EIA approach for the proposed development

The delivery of the marine and coastal processes assessmehefproposed developmerdadopts recognised

best practicelatest technical guidancee.g.,[1], [2], [3], [4], [5], [6], [7], [8], as well agnaking consideration to

new guidance from Scottish Government due to be published later in)288@ is based on proven technical
methods. A baseline overview is presented which identifies key processes and potential intergsi@ngart

of our baseline understanding, we identify that therelésv potential for process interactions (i.e., waves
interacting with tides, or tides interacting with waves). Furthermdhe, array area falls within a relatively low

flow environment where fines deposit and form the wider area known as the Western Irish Sea Mud Belt. There
is no evidence of bedforms indicative of a mobile sandy seabed. Water depths across the array area are
considered sufficient to prevent the majority of wave conditions having any influence on the seabed. The
adjacent coastline igrift-aligned to prevailing waves from the soutouth-eastwhich also represents the wave
direction with the longest fetch. Baseline metocean df@hfor waves and currents also supports effective
calibration of wave and tidal models as independent processes. If wave and tidal processes were strongly
dependent on each other therthis level of model calibration would not be possible and a coupled approach
would need to be considergdhowever, this is demonstrated not to be the case.

2.6 Sensitivity studies

In general, the RFI suggsapproaches that gbeyondwell-establishedpractice In our viewtheseapproaches
would introduce a range ofunnecessary compléies, as well as additional uncertaintiaghich would likely
weaken the robustness of the assessmeéwéverthelessa range of sensitivity testssociated with the issues
raisedin the RFhave been performed to heljistify ourexisting approachrhis approach wasresented to ACP
at the meeting heldn the6 November 2025.

The test forany issue beingensitiveto the alternative approaches suggested in the R&Mhere there is a
distinct changefrom the outcome presented iChapter 10 of theElR[10] based on the standard approach.
The outcome of the sensitivity analyses will show one of the following two outcomes:

1 A similar resuliwith negligible differenceompared to the existing approadhdicates no sensitivity
andthe existingapproach andissessments remaivalid.

1 Anon-negligibledifferenceindicatesa level of sensitivitand existing assessmeritsthe ElAvould be
required to changeon this basisNon-negligible may be indicated with a different spateadtent,
magnitude or duration.

1 A drift-aligned coastlinégs where waves strike the shore at an angle, transporting sediment along the coast
via a process called longshore drift
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3 Wind Blockage

3.1 Overview

Section 7 of the Rificludes a subsection dslockage modellingnd specificallyhe impact of wind blockingn
coastal processe@RFI 7j). Itequests thatthe project addresses thissuethrough site specific wakand wind
field modelling,considering theentire windfarm layout.

Offshore wind foundations directlyinteract with the passingwater bodywhereas thesupporttower, hub and
bladesdirectlyinteract with thepassinggir column

Theformer interactions aréncluded within the marine processegssessmenas waverelated blockageffects
(i.e.,due todrag, inertiawave energyabsorption,reflection, diffraction, etc.) and flowrelated blockageffects
(i.e.,due todrag,flow wakes flow separationjncreased turbulence, etc.).

Wind-related blockage is analogotesflow-related blockag¢o developturbulent wakes an@ reduction in wind
speed(i.e. a velocity deficitin the air column. These wakes am®stevidentwhen the wind turbine generatar
(WTG)reoperating with the effect scaled to the swept area of the blagesl the thrustforces acting against
the incident winds For an array of WTG, the effects can become cumulatihen there is wakevake
interaction.However, WTGsdo notfunction for 100% ofwind conditions and are limitetb operating above a
cut-in wind speedand below acut-out wind speed In addition,an individual WTG will bstationary duringa
maintenance cycle.

3.2 NISAwind turbine genrerator parameters

The following details are relevant to NI®Ahelp characterise th®/TGswhich will interact with incident wind
conditions, leading to windvake blockage

Parameter Project Option 1 Project Option 2
number of WTG 49 35

blade (rotor) diametefm) 250 276

swept area(m?) 49,087 59,828

hub height (max{m) 165 178

blade clearance tbAT(m) 40 40

cut-in wind speedm/s) 3 3

cut-out wind speedm/s) 32 32

Based on these details, Project Option1 will have a totaptvarea of 2,405,281 fraccounting for all WTG
compared with2,093,997or Project Option 2.

Notably,the swept area where wind-wake initiatesis from 40 m abovdowest astronomical tide (LAT9 the
height of the bladeFrom this location,lie windwake dissipates as an expanding cef@pe in a downwind
direction which is expected to eventually touchdown on the sea surfatéhis point, there isa potential for
the modified windfield to affect downwind wind-wave generation however, this will be restricted tthe
footprint of the wake which will eventually fully dissipate over distance from the array of WTG.
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For reference, lie standard height for windonditionsusedin numerical expressiorfer wind-wave generation
is 10 m above sea lev@ue to boundary effects with the sea surface, winds at the hub height will be larger than
those at 10 m above sea level.

3.3 EIA assumptionselated to wind-blockage

Chapter 10 othe EI/Rfor the proposed developmeritl0] recognises the direct and largest effecin waves
and tidesis due to blockage effectseated by thenteraction of the in-water section of foundation structures
(including surrounding scour protectiojhese interactions have been modell@uline with standard praate,
and adopt a level of conservatisim represent theeffect of maximum design parameters

Whilst acknowledgingpther interactionson waves and tidesnay occur(e.g. due to windvakes etc), these
interactions are considered to be secondary and minor, in comparisamd are scoped oufrom further
assessmentFurthermore,any secondary effectare alsoconsidered to besufficiently offset by theadopted
levels ofconservatisnie.g., design assumptions, data, methods, )etc.

At the present time, there isisono universallyacceptedapproach to assessinfpe effects ofwind-wakes
noting that presentlyavailable models can only reproduce these effects with considerable uncertainties
Ongoing research aims to improve knowledge in this subjeaj, EuroWindWakes and BeNEWakasH is
motivated by the need to improvassessment oénergy yieldand quantify apparent losses between adjacent
projects

3.4  Wind-wake modelling

For the purpose of present sensitivity testsc@mputationally efficient methodology has been developed to
quantify the influence of offshore windfarm wake effects on nearface wind fields used to drive spectral wave
models.

The methodology modifies spatiallyniform wind fields to account for turbineduced flow effects, including
downstreamvelocitydeficits and upstream blockage (induction) effects. The resulting swadaified wind fields
at 10 m above sea level are used as inpuh®SWANSimulating Waves Nearshog)ectral wave modeised
to assess blockage effects on waygee ApendixAl0.2)

The approach is grounded in established engineering wake modelling frameworks, combining classical
momentumbased wake theonfl12] with more recent analytical Gaussian wake formulatigh3], and is
consistent withcurrentindustry-standard wind farm modelling practic§s4], [15].

The modelling workflow consists of four principal stages:

1 Definition of ambient wind field at 10 m above sea level
1 Vertical extrapolation to turbine rotor (hub) height

1 Application of wake and blockage models at hub height
1 Transfer of wakeanodified wind field back to 10 m

A key feature of the implementation is the sequential evaluation of turbines in the wind direction, ensuring that
downstream turbines are influenced by the cumulative effects of upstream wakes.

A spatially uniform wind field is defined over the model domain at a reference height of 10 m above sea level.
The wind field is characterised by a constant wind speed and direction and discretised onto a structured
computational grid.

GoBe _C00002_RO0O1 RFI_Marine_Processes 8



Prepared for GoBe
A10.3- Supporting Assessment Sensitivity Studies

This simplification is appropriate for E$8ale assessments, where the objective is to isolate wind-faduced
effects from largeiscale atmospheric variability.

The ambient wind field is extrapolated from 10 m to turbine hub height usisighplepower-law wind profile
Then,wakeinduced velocity deficits are calculated using the Gaussian wake mbHe]. This formulation is
implemented in a manner consistent with classical momentesed wake theory12]. Wake expansion is
parameterisedusing adefault wake expansion coefficientvidely accepted for offshore conditions and
consistent with reduced ambient turbeihce environmentsOverlapping wakes are combined using a rsoin
square approachTurbines are evaluated sequentially in the wind direction. Each turbine experiences a wind
field modified by all upstream wakes, reflecting cumulative wake interaction

Synthetic aperture radar observations of wind farm waddd have reportedvake lengths of up to 70 km during
stable atmospheric conditions (i.e., n@xtreme events). During unstable atmospheric conditions (i.e., extreme
events), wake lengths of up to 10 km were reportAcconservativenaximum wake distance of 30 km is applied
(noting that most events modelled herein featutgigh-energy wind events to drive extreme waveand so
atmospherically unstable conditions are likely

The waked wind field is themansferred from hub height to 10 m assuming vertical coherence of the deficit
The resulting wakenodified wind field at 10 m is used as inputtkee spectral wave model SWAN

Thewakedinput wind fields for each scenar{each severity and direction combinaticeme shown irFigure3.1
to Figure3.8.

Legend
[] Proposed

Development
Boundary

Wind Speed (m/s)

Figure3.1: Wakedwind field for p50waves from68°N.
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Legend
|:| Proposed

Development
Boundary

Wind Speed (m/s)

Figure3.2: Wakedwind field for p50waves from156°N
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Legend
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Boundary
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24

Figure3.3: Wakedwind field for 1 in 1 year waves fro8°N.
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-6.6

Legend
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Figure3.4: Wakedwind field for 1 in 1 year waves frorh56°N
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Figure3.5: Wakedwind field for 1 in 10 year waves fro®8°N.
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Figure3.6: Wakedwind field for 1 in 10 year waves frotb6°N
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Legend
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Development ..
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Figure3.7: Wakedwind field for 1 in 50 year waves fro®8°N.
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Legend j
[] Proposed / .

Development
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24
53.8
3 \
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o W 15 30 km

Figure3.8: Wakedwind field for 1 in 50 year waves frodb6°N

3.5 Sensitivitystudies

The SWAN wave model was run for cases where the structures (i.e., WTGRfui@fations) were included
in the wave modelith a uniform wind field and where thestructures were included in the wave model along
with the waked wind field. The results of these two cases are shown in the following figuesch casethe
left panel includes wave model structures and wind walkes| theright panel includes wave model structures
only.

In these figures, the images are scaled and coloured to allow the reader to compare the left and right panels, to
ascertain whether the influence of wind wakes make an appreciable difference to the results of the modelling.
For a detailed assessment ofettmodelling of the impact of the proposed development on the environment,
please se&ectionl10.5 of Chapter 1®f the EIARLO].
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Legend

[] Proposed HmO Difference (m)
Development H
Boundary L3

B 15

Figure3.9: Predicted dfference in significant wave heigbtie to the imposition of the proposed development
during p50waves from68°N. Left panel includes wave model structures and wind wakes, right panel includes
wave model structures only.

Legend

[ Proposed Mean Zero-Crossing
Development \waye period Difference (s)

Boundary H 5

o

Figure3.10: Predicted difference in mean zervossing wave period due to the imposition of the proposed
development during p50 waves fro68°N Left panel includes wave model structures and wind wakes, right
panel includes wave model structures only.
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Legend

[] Proposed Mean Wave Direction
Development pifference )
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Figure3.11: Predicted difference in mean wave direction due to the imposition of the proposed development
during p50 waves fromi8°N Left panel includes wave model structures and wind wakes, right panel includes
wave model structures only.

Legend

[] Proposed HmO Difference (m)

Development
M 1s
Boundary

15

Figure3.12: Predicted difference in significant wave height due to the imposition of the proposed
development during p50 waves frofb6°N. Left panel includes wave model structures and wind wakes, right
panel includes wave model structures only.
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Legend

[] Proposed Mean Zero-Crossing
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Figure3.13: Predicted difference in mean zemossing wave period due to the imposition of the proposed
development during p50 waves fro'b6°N. Left panel includes wave model structures and wind wakes, right
panel includes wave model structures only.

Legend
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Figure3.14: Predicted difference in mean wave direction due to the imposition of the proposed development
during p50 waves fror56°N. Left panel includes wave model structures and wind wakes, right panel includes
wave model structures only.
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Legend

[] Proposed HmO Difference (m)
Development H
Boundary L3

B 15

Figure3.15: Predicted difference in significant wave height due to the imposition of the proposed
development during 1 in 1 year waves fr@®°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.

Legend

[ Proposed Mean Zero-Crossing
Development \waye period Difference (s)

Boundary H 5

.

Figure3.16: Predicted difference in mean zervossing wave period due to the imposition of the proposed
development during 1 in 1 year waves fr@®°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.
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Legend
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Figure3.17: Predicted difference in mean wave direction due to the imposition of the proposed development
during 1 in 1 year waves fro8°N Left panel includes wave model structures and wind wakes, right panel
includes wave model structures only.

Legend
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s

Figure3.18: Predicted difference in significant wave height due to the imposition of the proposed
development during 1 in 1 year waves frdf6°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.
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Legend

[] Proposed Mean Zero-Crossing
Development \waye period Difference (s)

Boundary H 2

i 2

Figure3.19: Predicted difference in mean zemossing wave period due to the imposition of the proposed
development during 1 in 1 year waves frd®6°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.

Legend
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Figure3.20: Predicted difference in mean wave direction due to the imposition of the proposed development
during 1 in 1 year waves frotb6°N Left panel includes wave model structures and wind wakes, right panel
includes wave model structures only.
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Legend

[] Proposed HmO Difference (m)
Development H
Boundary L3

B 15

Figure3.21: Predicted difference in significant wave height due to the imposition of the proposed
development during 1 in 10 year waves fr&®°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.

Legend
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N

Figure3.22: Predicted difference in mean zervossing wave period due to the imposition of the proposed
development during 1 in 10 year waves fr@®8°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.
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Legend
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Figure3.23: Predicted difference in mean wave direction due to the imposition of the proposed development
during 1 in 10 year waves fro68°N Left panel includes wave model structures and wind wakes, right panel
includes wave model structures only.

Legend
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Figure3.24: Predicted difference in significant wave height due to the imposition of the proposed
development during 1 in 10 year waves fra®6°N Left panel includes wave model structures and wind
wakes, right panel includes wave model structures only.
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Legend
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Figure3.25: Predicted difference in mean zemossing wave period due to the imposition of the proposed
development during 1 in 10 year waves frd®6°N Left panel includes wave model structures and wind
wakes, right panel includes wave model structures only.

Legend
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Figure3.26: Predicted difference in mean wave direction due to the imposition of the proposed development
during 1 in 10 year waves frof56°N Left panel includes wave model structures and wind wakes, right panel
includes wave model structures only.
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Legend
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Figure3.27: Predicted difference in significant wave height due to the imposition of the proposed
development during 1 in 50 year waves fr&®°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.
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Figure3.28: Predicted difference in mean zervossing wave period due to the imposition of the proposed
development during 1 in 50 year waves fr@®8°N Left panel includes wave model structures and wind wakes,
right panel includes wave model structures only.

GoBe _C00002_RO0O1 RFI_Marine_Processes 26



Prepared for GoBe
A10.3- Supporting Assessment Sensitivity Studies

Legend
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Figure3.29: Predicted difference in mean wave direction due to the imposition of the proposed development
during 1 in 50 year waves fro68°N Left panel includes wave model structures and wind wakes, right panel
includes wave model structures only.
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Figure3.30: Predicted difference in significant wave height due to the imposition of the proposed
development during 1 in 50 year waves fra®6°N Left panel includes wave model structures and wind
wakes, right panel includes wave model structures only.

GoBe _C00002_RO0O1 RFI_Marine_Processes 27



Prepared for GoBe
A10.3- Supporting Assessment Sensitivity Studies

Legend
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Figure3.31: Predicted difference in mean zemossing wave period due to the imposition of the proposed
development during 1 in 50 year waves frd®6°N Left panel includes wave model structures and wind
wakes, right panel includes wave model structures only.
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Figure3.32: Predicted difference in mean wave direction due to the imposition of the proposed development
during 1 in 50 year waves frof56°N Left panel includes wave model structures and wind wakes, right panel
includes wave model structures only.
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The comparisons between the left and right panel&igure3.9 to Figure3.32 demonstrate that wind wakes do
not make an appreciable differende effectson leeward wavesvhen compared against the modelling not
including wind wakesand arenot considered necessary to includa summary:

1 For the p50 (median) condition&r waves arriving from both 68°N and 156°N, the additional changes
attributed to wind wakes are almost indiscernible. The most notable variations occur in the mean wave
direction, where the inclusion of wind wakes results in an additional shift of appet&lyn1c2° in the
immediate lee of the development. These effects dissipate within approximately 10 km. Changes to
significant wave height are negligible for these conditions.

1 Forthe 1in 1 year conditionshe inclusion of wind wakes results in additional changes similar to those
seen in the P50 conditions, with some variation in spatial extent.

o Mean Wave Direction: Additional changes are smaller (typically <1° in the immediate lee) but
have a slightly larger extenfor the 156°N case, the effect extends uppproximately20 km
before reducing to zero; for the 68°N case, the extent is slightly shorter.

o Significant Wave Height: For the 156°N case, including wind wakes predicts an additional
reduction in significant wave height of up to 0.2 m in the immediate lee, dissipating over
approximately20 km. For the 68°N case, the additional reduction is smaller (up to 0.1 m) and
dissipates within 17 km.

1 For the 1 in 10 year casehe additional impacts of wind wakes on both mean wave direction and
significant wave height for the 1 in 10 year conditions are consistent with the patterns and magnitudes
described for the 1 in 1 year conditions.

1 Forthe 1 in 50 year casewshile changes to mean wave direction remain similar to the 1 in 1 year
results, the impact on significant wave height is more pronounced:

0 156°N Case: Including wind wakes results in an additional reduction in significant wave height
of up to 0.25 m in the immediate lee, dissipating over approximately 25 km.

0 68°N Case: Additional reductions in significant wave height of up to 0.15 m are predicted in
the immediate lee, dissipating over a shorter distance of approximately 13 km.
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4 MorphodynamicModelling

4.1 Overview

Morphodynamic modelling is providetb investigatethe mophodynamic response of the coastlit@ the
proposed developmen

4.2 Baseline understanding

The coastline represents an importamtarine processeseceptorwith a morphologycontrolled by wave and
tidal processesand sediment supplyrhe most sensitivetretch of coastline ithe drift-alignedsandy beaches
to the westof the arrayarea which are subject to net littoral drift in a northerly direction driven by prevailing
waves from the soutisouth-east (centred on 156 °N)0]. As waves move into shallow water theyfract,shoal,
steepen and eventually break, with wave energy dissipation developing littoral curmagi® they arrive acute
to the orientation of the beachThis procesdrives sandtransport along the shorelinas longshore transport

In contrast, the shoreline further to the north is mainly gravelly, without sandy beaahésvhere prevailing
waves arrivealmost normal to the orientation of the coastline.

The dissipation of wave energjong the shorefacdominates overny effect from tidal currentshowever, the
rise and fall of tidl levelsalters thecrossshorepositionwhere this dissipation occurs.

4.3 Wave blockage background

During the operational phase, e majority of each waveront passing througha wind farm will remain
unaffected however, small sectiors will interact with each foundation to develop a cumulative set of
interactions This process is generally referred to asay-scale waveblockage.The modified wave field
emergirg from the leewardside of thearray areawill incura small reduction of wave energy represented in
correspondingly smadhanges to wave height, wave period and wave directidrese changespread away and
dissipateover distancedownwindfrom the windfarm

Part of the wave recovergrocessin the downwind directionis due to wind-wave growthover the distance
between the windfarm and the adjacent coastlirfeor the modelling presented i@hapter 1.7 of the EIAR
[10], the associated windield is not modifiedas the scale of thisffect was considered insignificant compared

to the conservative assumptions adopted faaverelated blockaggsee SectiorB). For the purpose of the
sensitivitytests, the windfield is modifiedto account for a velocity defictue to windblockagecreated across

the swept area of each WTGo note, the leeward fetch distance is relatively short and is not likely to have a
major influence on windvave growth.

4.4 Assessment of morphological sponse

In order to undertake sensitivity testo assespotential modifications on coastal processes tmaayinfluence
the morphological response of the coastljnibe sensitivity test related to winevake blockage (Sectiad) is
considered

This sensitivity test is configured as follows:

1 Coupled wind, wave and tidal modelling which considers baseline conditions and the entire windfarm
layout represented byProject Optionl (see AppendiX10.1 for selection of the projedption with the
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greatest potential to develop a likely significant effelst addition,Project Option 1 has the highest
overall swept ared. The representation of the windfarm icludesthe array layout of foundations
(suction bucket, scour protectiofacke? and swept area of blade

Cableprotection @rmouring is not included in the model as this is too srsglale(e.g. up to 2 nhigh

and widthof 5 m in a trapezoidal crossection) and is also not considered to have a laggale or long

term influence on the seabed morphology. The assessment of cable armouring has previously been
considered irChapter 10 of th&IAR[10] on a conceptual basi&s Impact 11See Section 10.5.3.3

Wind and wave conditions consider two directions; (a) the shortest distance to the coastline with winds
and waves from 068 °N, and (b) the prevailing wave direction with winds and waves frorrssautith

west (centred on 156 °N). A rangeaafmbined wind andvave events are considered from an annual
50" percentile, and Year, 10 year and 50 gar return periods. Accordingly, this range of events includes
regular lower magnitude conditions which would expect to frequently occur over the shiont, as

well as higher magnitude conditions which might expect to occur less frequently over thé&elong

Wave results are considered for locations along the nearshore in the lee of the windfarm which are the
samelocations presented itChapter 1.5 of the EIAR [10] (Hgure 10.23 and Figure 10.24These
results areusedto calculate littoral driftas an hourly rate, i.e., each wivdave event is considered
stationary for a period of one hour, noting extreme events are not expected to persist for longer than

one hourand water levels will change over a longer period

For the proposed development toreate a morphodynamic responsalongthe coastlinge the development
would need to significantly modify nearshorewaves conditionsincident along the coastlinevhich drive
longshore driftSuchmodifications could include@otablechange in the ratand/or direction of longshore drift

4.4.1 Southsouth-easterly waves

Southsouth-easterly waves represent the prevailing conditidd8% of all wavearrive from this direction)
shaping the adjacent coastline.

Figured.1 shows the effect of wave blockage farl in 56yearreturn period wave evenin terms ofpredicted
modifications orleewardwave heightgrelative to the baselinejue to wave blockageffects only
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Figured.l: Predicted change in 1 in B@ar wave height for waves arriving from the sosthuth-east with
nearshore sites for assessing significance of impacts along the coastline.
Therelevantnearshorelocationsto evaluate potential effects omadjacentsandy beaches ar8ites6, 8 and 9.
The coastline adjacent t8ite7 represents aockypromontory. Site10 to 16are south of any moderated wage
which pass through therrayarea whereasSitesl to 5 are north othe sandy beaches

Site6 represents the nearshore locati@djacent to a sandy beach where the highest relative level of change in
downwindwave conditiongs determinedfor incidentwaves arrivingat array areafrom the southsouth-east
In contrast all other nearshore locations are considered to have a lessse of change.

For reference, thehortestdirect distancefrom the arrayareato Site 6 is around 18 km. Waves passing through
the arrayareagradually refract into shallower water to change direction towards the coastlim¢his case,
wavestravel a slightly longer distance. The direction of wimakes is expected to remaicloseto incident
conditions in which case the affected leeward fetdlistancerelevant to Site 6 will be limited to a slightly smaller
distance.

4.4.1.1 P50-SSE

TheP50scenariorepresents the 5(percenile of wind and wave conditiongquivalent tomedianconditions
over the yeamwith 50% of condition®eing lowerand 50% being high€including the extreme events).

The associated incident wind field for the P50 scenaricsés from 1%°N at 10 m above sea level. This wind
speed is above the ctih conditions for the turbine to be operating.

Table4.1 comparespredicted P50wave conditions at Site 6 for baseline, wave blockage and wind and wave
blockage scenarig@long with predicted longshore transport rates based onWSACEERC formuld:or the
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purpose ofthis calculatiorthe durationof the wave conditionss assumed tdast forone hour.All dfferences
are made to baseline values [difference = basedjseenario].

Table4.1. Comparison ofeeward wave conditions for P50 ever8SE

_ : Wave Wind and wave
Descriptor Baseline
blockage blockage
Absolute value (m) 0.58 0.57 0.57
Wave height
Difference (m) - -0.01 -0.01
Absolute valugs) 2.60 2.57 2.56
Wave period
Difference (s) - -0.03 -0.04
Absolute value (°N) 143 144 144
Wave direction
Difference (°) - +1 +1
Longshore transport Absolute value (m3/hr) +32 +31 +31
rate, Qt Difference (mhr) - -1 -1

+vevalues obaselineQt ratesrelate to northerly directed transport

In summary, there are no discernible changeP%i®wave conditions at Site lfetween the baseline and either
the wave blockage scenar the wind and wave blockage scenarémd no discernible changeslangshore
drift rates.

4.4.1.2 1in 1 year Return PeriocdSSE

The 1 in 1 year return period (RP) event represents a condittdoh, on average, would be expected to occur
once peryear.

The associated incident wind field for the 1 in 1 year RP scenario is 19.2 m/s from 156°N at 10 m above sea level.
This wind speed is above the d@antconditions for the turbine to be operating.

Table4.2 compares predicted 1 in 1 year RP wave conditions at Site 6 for baseline, wave blockage and wind and
wave blockage scenarios, along with predicted longshore transport uatagon theinternationallyrecognised

CERC formul&dom USACEL6]. For the purpose of this calculation the duration of the wave conditions is
assumed to last for one hour. All differences are made to baseline values [difference = baselnario].
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Table4.2. Comparison of leeward wave conditions for 1 iyehr event SSE

: : Wave Wind and wave
Descriptor Baseline
blockage blockage

Absolute value (m) 3.10 2.96 2.94

Wave height
Difference (m) - -0.14 -0.16
Absolute value (s) 5.77 5.56 5.56

Wave period
Difference (s) - -0.21 -0.21
Absolute value (°N) 129 131 131

Wave direction
Difference (°) - +2 +2
Longshore transport Absolute value (ﬁjhr) +1,609 +1,510 +1,491

rate, Qt Difference (n/hr) - -99 -118

+vevalues of Qt relate to northerly directed transport

In summary, there are very small changes in 1 in 1 year RP wave and longshore drift conditions at Site 6 between
the baseline and the wave blockage scengsiemall reduction of 99 #hr), and a very similar level of change
between the baseline and the wind and wave blockage sceifarsmall reduction of 118 #nr). Importantly,

the 1in 1 year RP event is an infrequent condition that is only likely to occur once,agearerageand last

for a limited period)

4.4.1.3 1in 10 year Return Pericd5SE

The 1 in 10 year return period (RP) event represents an extreme condition with ahed¥deof occurrence
within a year which, on average, woultk expecedto occur once every ten years

The associated incident wind field for the 1 in 10 year RP scenario is 22.0 m/s from 156°N at 10 m above sea
level. This wind speed is above the-gutonditions for the turbine to be operating.

Table4.3 compares predicted 1 in 10 year RP wave conditions at Site 6 for baseline, wave blockage and wind
and wave blockage scenarios, along with predicted longshore transport rates based on the USACE CERC formula.
For the purpose of this calculation the duratiof the wave conditions is assumed to last for one hour. All
differences are made to baseline values [difference = baselgoenario].
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Table4.3. Comparison of leeward wave conditions for 1 in 10 year evB&iE

: : Wave Wind and wave
Descriptor Baseline
blockage blockage
Absolute value (m) 3.82 3.60 3.58
Wave height
Difference (m) - -0.22 -0.24
Absolute value (s) 6.51 6.27 6.25
Wave period
Difference (s) - -0.24 -0.26
Absolute value (°N) 126 128 128
Wave direction
Difference (°) - +2 +2
Absolute value
Longshore transport rate, (mihr) +2,417 +2,243 +2,233
Qt
Difference (n¥hr) - -174 -184

+ve values of Qt relate to northerly directed transport

In summary, there are small changes in 10ny&ar RP wave and longshore drift conditions at Site 6 between
the baseline and the wave blockage scenéiemall reduction of 174 %hr), and a very similar level of change
between the baseline and the wind and wave blockage sceifarsmall reduction of 84 m%hr). Importantly,

the 1 in Dyear RP event is an infrequent condition ttmats a 10% chance of occurring eyesn average, and
will last for a limited period

4.4.1.4 1in 50 year Return Pericd5SE

The 1in 50 year return period (RP) event represents an extreme condition witlelae2#eof occurrence within
a year which, on average, would be expected to occur oegery 50 years

The associated incident wind field for the 1 in 50 year RP scenardQisrizs from 156°N at 10 m above sea

level. This wind speed is above the-tuconditions however, the wind speed at hub height is expected to be
close to or above the ctdff wind speed fothe turbine to be operatingThe scenario presented below assumes
the turbine to remain in operation for illustrate purposes.

Table4.4 compares predicted 1 iBO year RP wave conditions at Site 6 for baseline, wave blockage and wind
and wave blockage scenarios, along with predicted longshore transport rates based on the USACE CERC formula.
For the purpose of this calculation the duration of the wave conditiorss&imed to last for one hour. All
differences are made to baseline values [difference = baselstenario].
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Table4.4. Comparison of leeward wave conditions for Bnhyear event SSE

: : Wave Wind and wave
Descriptor Baseline
blockage blockage
Absolute value (m) 4.35 4.08 4.05
Wave height
Difference (m) - -0.27 -0.30
Absolute value (s) 7.06 6.74 6.74
Wave period
Difference (s) - -0.32 -0.32
Absolute value (°N) 125 126 127
Wave direction
Difference (°) - +1 +2
Absolute value
Longshore transport rate, (mhr) +3,120 +2,886 +2,867
Qt
Difference (n¥hr) - -234 -253

+ve values of Qt relate to northerly directed transport

In summary, there are small changes in Bnyear RP wave and longshore drift conditions at Site 6 between
the baseline and the wave blockage scenéiemall reduction of 234 %hr), and a very similar level of change
between the baseline and the wind and wave blockage sceifarsmall reduction 0253 m%hr). Importantly,

the 1 in50 year RP event is an infrequent condition that ha&¥a chance of occurring every, on average, and
will last for a limited period.

4.4.2 Eastnorth-east waves

Eastnorth-eastwaves representhe direction with the shortest leeward distance onto the adjacent coastline;
however, these waves represent around 9% of all conditions.

Figure4.2 shows the effect of wave blockage for a 1 iny&@r return period wave event in terms of predicted
modifications on leeward wave heights (relative to the baselide¢ to wave blockage effects only.
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Figure4.2: Predicted change in 1 in 5@ar wave height for waves arriving from the easttheast with
nearshore sites for assessing significance of impacts along the coastline.

The relevant nearshore locations to evaluate potential effects on adjacent sandy beaches a8t&it&sThe
coastline adjacent to Sigel 2, 14 and 1Eepresents rocky promontdes. Sitel6 issouth of any moderated waves
which pass through tharrayarea whereas Site$ to 7 are north ofany moderated waves

Sitel1 represents the nearshore location adjacent to a sandy beach where the highest relative level of change
in downwind wave conditions is determined for incident waves arrivirgriay areafrom the eastnorth-east
In contrast, all other nearshore locations are considered to have a lesser scale of change.

For reference, the shortest direct distance from tireayareato Sitellis aroundl5km. Waves passing through
the arrayareafrom the eastnorth-east are already close to shore normal and experience minimal refraction as
they approactthe coastline. The direction of wingtakes is expected to remaatoseto incident conditionsin
which case thaffected leeward fetch distance relevant to Sltewill have an equivalent distance.

Longshore drift occurs when wave arrive obliquely on a sandy coastline. Waves that arrive close to shore normal
do not lead towell-developediongshore drift.

4.4.2.1 P50- ENE

The P50 scenario represents théercenile of wind and wave conditions, equivalent teedianconditions
over the year with 50% of conditions being lower and 50% being higher (including the extreme events).

The associated incident wind field for the P50 scenarioOsnés from 68°N at 10 m above sea level. This wind
speed is above the ctih conditions for the turbine to be operating.
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Table4.5 compares predicted P50 wave conditions at Sitdor baseline, wave blockage and wind and wave
blockage scenarios, along with predicted longshore transport rates based on the USACE CERC formula. For the
purpose of this calculation the duration of the wave conditions is assumed to last for one hadiffeddinces

are made to baseline values [difference = basedjseenario].

Table4.5. Comparison of leeward wave conditions for P50 eveBNE

: ; Wave Wind and wave
Descriptor Baseline
blockage blockage
Absolute value (m) 0.69 0.66 0.66
Wave height
Difference (m) - -0.03 -0.03
Absolute value (s) 2.84 2.79 2.78
Wave period
Difference (s) - -0.05 -0.06
Absolute value (°N) 68 67 67
Wave direction
Difference (°) - -1 -1
Absolute value
Longshore transport rate, (mF7hn) -17 -18 -18
Qt
Difference (n/hr) - +1 +1

+ve values of Qt relate to northerly directed transport

In summary, there are no discernible changes in P50 wave conditions &l &&éveen the baseline and either
the wave blockage scenario or the wind and wave blockage scenario, and no discernible changes in longshore
drift rates.

4.4.2.2 1in 1 year Return PericcENE

The 1in 1 year return period (RP) event represents an extreme conditlioh, on average, would be expected
to occur once per year.

The associated incident wind field for the 1 in 1 year RP scendrfodm/s from68°N at 10 m above sea level.
This wind speed is above the d@antconditions for the turbine to be operating.

Table4.6 compares predicted 1 in 1 year RP wave conditions atlSifer baseline, wave blockage and wind

and wave blockage scenarios, along with predicted longshore transport rates based on the USACE CERC formula.
For the purpose of this calculation the duration of the wave conditions is assumed to last for one hour. All
differences are made to baseline values [difference = baselse=nario].
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Table4.6. Comparisorof leeward wave conditions for 1 in 1 year everENE

: : Wave Wind and wave
Descriptor Baseline
blockage blockage
Absolute value (m) 3.82 3.63 3.57
Wave height
Difference (m) - -0.19 -0.25
Absolute value (s) 6.60 6.35 6.31
Wave period
Difference (s) - -0.25 -0.29
Absolute value (°N) 69 69 69
Wave direction
Difference (°) - 0 0
Absolute value
Longshore transport rate, (mihr) -1,067 -1,009 -991
Qt
Difference (n¥hr) - -58 -76

+ve values of Qt relate to northerly directed transport

In summary, there are very small changes in 1 in 1 year RP wave and longshore drift conditioid aeS8iteen

the baseline and the wave blockage scenario, and a very similar level of change between the baseline and the
wind and wave blockage scenario. Importantly, the 1 in 1 year RP event is an infrequent condition that is only
likely to occur once a yeaon average

4.4.2.3 1in 10 year Return PericdENE

The 1in 10 year return period (RP) event represents an extreme condition with a 10% probability of occurrence
within a year which, on average, would be expected to occur once per decade.

The associated incident wind field for the 1 in 10 year RP scena®a5m/s from 68B°N at 10 m above sea
level. This wind speed is above the-tutonditions for the turbine to be operating.

Table4.7 compares predicted 1 in 10 year RP wave conditions atl3iter baseline, wave blockage and wind
and wave blockage scenarios, along with predicted longshore transport rates based GERE@ formuld 6].

For the purpose of this calculation the duration of the wave conditions is assumed to last for one hour. All
differences are made to baseline values [difference = baselgoenario].
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Table4.7. Comparisorof leeward wave conditions for 1 in 10 year everENE

: : Wave Wind and wave
Descriptor Baseline
blockage blockage
Absolute value (m) 4.64 4.38 4.31
Wave height
Difference (m) - -0.26 -0.33
Absolute value (s) 7.46 7.12 7.11
Wave period
Difference (s) - -0.34 -0.35
Absolute value (°N) 70 70 69
Wave direction
Difference (°) - 0 -1
Absolute value
Longshore transport rate, (mihr) -1,545 -1,449 -1,419
Qt
Difference (n¥hr) - -96 -126

+ve values of Qt relate to northerly directed transport

In summary, there are small changes in 1 in 10 year RP wave and longshore drift condition$ b &iteeen
the baseline and the wave blockage scenario, and a very similar level of change between the baseline and the
wind and wave blockage scenario.

4.4.2.4 1in 50 year Return PericdENE

The 1 in 50 year return period (RP) event represents an extreme condition with a 2% probability of occurrence
within a year which, on average, would be expected to occur once every 50 years.

The associated incident wind field for the 1 in 50 year RP scenafi@is?s from @°N at 10 m above sea level.
This wind speed is above the datconditionsand also belowhe cut-off wind speed for the turbine to be
operating.

Table4.8 compares predicted 1 in 50 year RP wave conditions atl3iter baseline, wave blockage and wind

and wave blockage scenarios, along with predicted longshore transport rates based on the USACE CERC formula.
For the purpose of this calculation the duration of the wave conditions is assumed to last for one hour. All
differences are made to baseline values [difference = baselgoenario].
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Table4.8. Comparisorof leeward wave conditions for 1 in 50 year everENE

: : Wave Wind and wave
Descriptor Baseline
blockage blockage
Absolute value (m) 5.09 486 4.80
Wave height
Difference (m) - -0.23 -0.29
Absolute value (s) 7.74 7.51 7.49
Wave period
Difference (s) - -0.23 -0.25
Absolute value (°N) 70 70 70
Wave direction
Difference (°) - 0 0
Absolute value
Longshore transport rate, (mihr) -1,860 -1,792 -1,780
Qt
Difference (n¥hr) - -68 -80

+ve values of Qt relate to northerly directed transport

In summary, there are small changes in 1 in 50 year RP wave and longshore drift condition$ b &iteeen
the baseline and the wave blockage scenario, and a very similar level of change between the baseline and the
wind and wave blockage scenario.

4.4.3 Summary of sensitivity test fomorphodynamic impacts

The existing modelling approach correctly identifies grémary source (waveblockage)and pathway for
impacts which could affect thadjacentcoastline receptor.

The modelling approach includes a range of representative conditidrish coverboth typical and extreme
eventswhich mightbe expecedto occur over the operational period.

Whilst windwake blockage has a theoretical influence on leeward wave conditions, the scale of this effect is
shownby the sensitivity modellingo be secondary to wavblockage related effects and not at a scale that
changes the outcome of the EIA assessm8&ee Section 10.5 of Chapter 10 of the E18R

The further consequence of modified waves acting on the coastline has been considered in terms of longshore
drift showing modifications are effectively nil for typical wave conditions and small or very small for less frequent
extreme conditionsThese outcomes are shown to be the same whether vilutkage effects are included or

not.
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5 Climate Change

Section4 of this document providesensitivity studies and assessments that respond to the request of coupled
modelling RFF 7erequests that in addition to this, the modelled scenarios sha@addountfor climate change

The project metocean reporfl7] provides a comprehensive overview of climate chamgsearch and
predictions relevant to thelesign criteria for theite. In summary;

1 Strong winds and extratropical storms are projected to have a slightly increasing frequency and
amplitude in the future off the European coastsnder Representative Concentration Pathw@gCF
8.5 by the end of the century (medium confidencéjie to the increase in intensity of extratropical
storms at a 2 °C or above global warming scenarln, Representative Concentration Pathways (RCPs)
are standardied scenarios that model how different levels of greenhouse gas concentrations will affect
the Earth's energy balance. They provide a common framework for scientists to predict future global
warming and its environmental impacts.

1 In general, the models predict a reduction in mean significant wave height of around 0.07 m, and an
increase in the mean annual maximum significant wave height of around 0.25 m, in the vicinity of the
project site under RCP8.5, by the end of this centlinys is consistent with the predictions of increases
in magnitude of extreme wind events in the vicinity of the study site.

1 Mean sea level change is expected to be the dominant source of increase in total water levels.

1 Marine currents are unlikely to substantially change as a direct result of climate change.

Taken together, thespredictions are generally associated with low levelsaifidence oare small/negligible
changes. The exception to thgsmean sea level rise.

Mean sea level change is not investigated in the project metocean report, aadgBortprecisof the current
research and predictions on this topic are provided here.

Whilst the IPCC Sixth Assessment Report provides predictions of global mean sea levelddtaitee,high
resolution predictions are not provided. Therefotegrein we use UKCP18 as a primary data source for our
analysis of the impacts of climate change at the &face many of the analyses also pertain to the island of
Ireland, and because the site is geographically close to UK waters, where predictions are plpyvid&d€P18.
Becauséhe information is regionascale,we do not expect differences between the position chosand the

location ofthe proposed development The UKCP18 projections incorporate a range of potential outcomes
based on different greenhouse gas emission scenarios (RCPs), reflecting the inherent uncertainty in climate
sensitivity and future global mitigation efforts. Our analysis considers the pilitabdistributions provided

within these scenario® ensure that the assessment accounts for the higimagnitude, lowprobability events
required for a precautionary approach.

Agrid cell was extracted from thgK Climate Projects User Interfaé®m the nearestgrid cell centre21 km
north of the site.The location relative to the site is shownRigure5.1.
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Figure5.1: Location olUKCP sea level rise grid cell centre

In line withtypicalapproachesadopted in the UK offshore wind industry, predictions of mean sea levelaise

the 50" percentile of the climate scenario RCP 8.5 were extractedtfemgrediction wasxtracted for the year
2068 (equivalent to thelifespan of the proposed developmepbstconstruction) The value is 0.35 nthese

data were then checked against IPCC predictions for Dublin, and the level of match was deemed acceptable.
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Figure5.2: IPCC predictions of sea level rise at Dublin

The hydrodynamiblockagemodel, accounting for the effects of Project Optionwas then run foreachhigh

flow scenario, but with the water level increased by 0.35 m in each casse®hé&comesare then compared
against thesameresultswithout the water level increasén Figure5.3 to Figure5.8. In these figures, the images

are scaled and coloured to allow the reader to compare the left and right panels, to ascertain whether the
influence of climate change makes an appreciable difference to the results of the modelling. For a detailed
assessmendf the modelling of the impact of the proposed development on the environment, pleasgess@n

105 of Chapter 1@he EIAR[10].
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Figure5.3: Difference in water surface elevation caused by the wind farm during a high northerly current
event Left panel without climate change induced water level increase, right panel with
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Figureb.4: Difference in current speed caused by the wind farm during a high northerly current. éxafnt
panel without climate change induced water level increase, right panel with
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Figureb.5: Difference in current direction caused by the wind farm during a high northerly current dvefit
panel without climate change induced water level increase, right panel with.

Figure5.6: Difference in water surface elevation caused by the wind farm during a high southerly current
event Left panel without climate change induced water level increase, right panel with.
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