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Glossary

The following list describes common metocean and sediment dynamics terms used throughout this report, and where

appropriate presents the abbreviation.

To

Tcrit

ABMS

ABWP

AGDS

Amphidromic point

Bedload transport

BGS

BPZ

CD

CSM

Current speed

d50

Diamict

Bed ShealStress

Critical Bed Shea$tress

Arklow Bank Modelling Suite

Arklow Bank WindPark

Acoustic Ground Discriminatio®ystems

A location where the tidal range is effectively nil but increases with distance

from this point in a rotary manner due to the Coriolis effect.

Transport of sediment grains by means of rolling, sliding, and/or saltating

(hopping).

British Geological Survey

Bedload parting zone. The region where the sediment transport pathwa

(mostly under bedload transport) diverge.

Chart Datum

Conceptual Sediment Model: a synthesis of available evidence which bri
together all the component parts of the analysis for different timescales a

spatial scales to develop an overall understanding of system behaviour.

Magnitude oflocal current flow.

Grain size representing the 50th percentile grain size in the distribution fron

sample

A terrigenous sediment (a sediment resulting from dignd erosion) that is
unsorted to poorly sorted and contains particles ranging in size from clay

boulders, suspended in a matrix of mud or sand, most commonly applied
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EA
ES

Fetch

FNU
GIS

Global Scour

Graben

GSI

HAT

HD
Hmax
Hs
LAT

Local Scour

Localscale

unsorted glacial deposits
Environmental Impact Assessment
Environmental Statement

The uninterrupted distance of open water over which the wind blows witho

significant change in direction

Formazin Nephelometric Unit

Geographical Information System

Erosion of seabed material at a group of foundations as the flow speeds

increase around it, causing complex vortex patterns

An elongated block of the earth's crust lying between two faults and displac

downwards relative to theblocks on either side, as in a rift valley
Geological Survey of Ireland

Highest Astronomical Tide. The maximum level of sea surface due to ti

forcing alone
Hydrodynamic
Maximum Wave Height

Significant wave height. Approximately the average height of the highest o
third of the waves in a defined period, estimated from the wave spectrum
T a

Lowest Astronomical Tide. The minimum level of sea surface due to tidal forc

alone

Erosion of seabed material at a single foundation as the flow speeds up arot

it, causing complex vortex patterns

Near-field spatial scale considers sandwave features, individual foundations

cable routes
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Long-term

MBES

Medium-term

Meso-scale

MHW

MHWN

MHWS

MLW

MLWN

MLWS

Morphodynamics

MSL

NTU

Porosity

PSA

Regionalscale

Relative density

Temporal sale considers over years and decades (compatible with proje

lifetime) and climate change influences

Multibeam echosounder

Temporal scale considers over months to years in response to the periodic
lunar tidal cycles and episodic seasdnaave variations

Intermediatefield spatial scale considers sandbank features, coastlines
and array scale issues

Mean High Water. Mean of aligh-waterlevels

Mean High Water Neap. Mean high water level during neap phasetiofal cycle

Mean High Water Spring. Mean high water level during spring phase of tic

cycle

Mean Low Water. Mean of all low water levels

Mean Low Water Neap. Mean low water level during neap phase of tidal cyc
Mean Low WatelSpring. Mean low water level during spring phase of tidal cyc

The interaction and adjustment of the seafloor topography and flui
hydrodynamic processes, seafloor geomorphologies and sequences of chal

dynamics involving the motion oediment

Mean Sea Level. Mean sea surface elevation over a prolonged period of tim
Nephelometric Turbidity Units

The proportion of sediment to voids in a sample of sediment

Particle Size Analysis

Farfield spatial scale considers exposure conditions or site and wider
linkages between macro bedforms (e.g. sediment pathways, sources and sta

The density of the grains of sediment relative to water
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Residual level

Shortterm
SPM

Still water level
Surge current
Suspended load transport

Tidal current

Tidal level

Total current

T

T;

WTG

Basal till

BP

EMODnet

Difference between thetidal level estimated by harmonic analysis/predictic
and the actual level. Includes any errors due to failure to adequately resolve

tidal signal. Includes meteorologically induced storm surge

Temporal scale considers individual tidal cyciedividual extreme events

Suspended Particulate Material

Instantaneous water level in the absence of waves but including water level

variations due to tide and meteorologically induced forcing

Current driven byprocesses excluding astronomical forcing and wave

induced motions

Sediment uplifted by the fluid's flow in the process of sediment

transportation. It is kept suspended by the fluid's turbulence

Current driven byastronomical forcing

Still water level relative to a defined datum due to astronomical forcing.

Tidal elevations exclude all meteorologically induced forcing

Combination of tidal and surge current

The spectral peakperiod. The period at which most energy is present in tr

wave spectrum.

The mean zerecrossing wave period. Estimated from the wave spectrum

a
a

Wind Turbine Generator

Material carried in the base of the glacier ancbmmonly laid down under the

feature

Before Present

The European Marine Observation and Data Network
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Glacial moraine

Holocene

ka

Isobath

Marine transgressin

Moribund

Plastocene

Tunnel valley

Accumulation of unconsolidated rocky debris produced by a glacier

The most recent geological epoch fronaround 11,700 BP to the present de

which is defined by the time since the end of the last glacial period (Pleistoce

Thousand years

A contour line connecting all points of equal depth below the surface of a bor

of water

A geologic event during which sea level rises relative to the land and t
shoreline moves toward higher ground, resulting in coastal inundation and t

possibility for sediment to be eroded

A sandbank feature formed during periods dbwer sea level that are no longe
actively maintained by contemporary sediment transport processes (strandet
locations where currents become weaker) and thus have become relict featu

Moribund is a term first introduced by Kenyon et al. (1981)

Geological epoch that lasted from about 2,580,000 to 11,700 BP, spanning
world's most recent period of repeated glaciations. The end of the Pleistoce

corresponds with the end of the last glacial period

Elongated andover-deepened depression formed by glacial meltwater flowin

under an ice sheet at higtpressure leading to erosion of the channel bed
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Units and Conventions

The following list describes the units and conventions used in this report. Unless stated wiber units have been

expressed using the Sl convention.

1 Wave direction is expressed in compass points or degrees, relative to true North [°T], and describes the
direction from which the waves argropagating.

1 Wave heights are expressed in metr@s].
1 Wave periods are expressed in seconfig.

91 Currentdirectionis expressedn compasspoints or degrees,relativeto true North [°T],and describes the

direction towardswhich the currents ardlowing.

1 Current speeds are expressed in metres per second [m/s].
1 Water levels are expressed in metres [m].

1 Positions are quoted relative to WGS 84 except whestated.
1 Alltimes are quoted in Coordinated Universal TinfleTC].

1 Vertical levels are quoted relative to Lowest Astronomical T{HAT).

i The friction at theseabed expressed in terms of a bed shear stress (units Klymhe associated drag
coefficient( Ma n n h)rnsqidnsdimensionaland expressedas a drag coefficient applicableto depth-
averaged flow.

1 Thethresholdfor incipientsedimentmotion is expressedn termsof bed shearstress[N/mz] derived using
the Shieldsparameter. The Shieldsparameter, which is a dimensionlessthreshold, is converted to a
dimensionalthreshold velocity, which once exceededthe sediment startsto move. The threshold for

movement of sediments is expressed in metres per secdnus].

1 Volume concentrations of sediment are expressed in kilograms per cubic mﬂt@ms].

1 Suspendedoad and bedload transportrate are expressedasvolume of grainsmoving per unit times per

unit width of bed (if applicable) [M/s or m?/s].
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Defining Key Terms

The following list describes the units and conventions used in this report. Unless stated otherwise, units have been

expressed using the Sl convention.

Key definitions are as follows:

|l

Seabed mobilitytn many offshore locations the seabed is mobile due to the action of currents and/or waves.
The criteria for mobility (sediment transport) is that the shear stress imparted by the currents and/or waves
exceeds the resisting forces holding the sediment itape (Draperet al., 2018)Note: a mobile seabed does
not necessarily drive a vertical change in seabed level if the sediment supply is equal to the sediment loss
from the area, the net change in seabed level will be negligible.
Verticalseabedlevelchange: Spatiotemporal changes to the form, and profile, of the seabedaBymetric
(or topographic) changes which are not influenced by the presence of a structure (as opposed to scour). The
difference in seabed level at any given point in time, or spacecalculated by subtracting one bathymetry
O) from the other ) (© O .
MorphodynamicsThe process by which morphology affects hydrodynamics in such a way as to influence the
further evolution of the morphology itself (Friedrichs, 2011).
ScourWhen a temporary or permanent structure is placed onto the seabed, its presence disturbs the natural
flows in a way that can result in spatial variations in sediment transport close to the structure. This can result
in net erosion (i.e., scour) orac@umulation (i.e., sedimentation) of sediment in the vicinity of the structure
(Draperet al., 2018).
0 Local scourscour around an individual structure, for example around a single monopile or around
one leg of a jacket structure.
0 Global scourscour withih and closely arounda group of foundationsas the flow speeds increase
around the array, causing complex vortex patterns and potentially significant erosion
o Edge scourscour occurring outside the scour protection caused by the interaction of the flowthwi
the structure and protection
Live bedscenario Where Ty > Teiralmost constantly, resulting in mobilsed sediments being in a state of flux
during all periods of the tide excgt during slack water.
Sandbank bedforms consisting of cohesive onon-cohesive sediments in estuaries and continental shelf
areas.
Sandwavesflow-transverse marine subaqueous dunesten with superimposed megaripples. These features
have a typical length of 100 to 800 m and crest heights (i.e. amplitude, crest to th)uaf several metres (e.g.
van Dijk and Kleinhans, 2005).
Megaripplesflow-transverse bed forms with a typical length of 5 to 20 m and crest heights of 0.2 to 1.5 m

(e.g.Tobias, 1989Ashley, 199D


http://onlinelibrary.wiley.com/doi/10.1029/2004JF000173/full#jgrf87-bib-0032
http://onlinelibrary.wiley.com/doi/10.1029/2004JF000173/full#jgrf87-bib-0001
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1 Bank CrestThe point at which mobile sedients moving in opposing directions on either side of a sandbank
converge at the crestline. The bank crest on Arklow Bank, in an analogous fashion to sandwave migration, is
postulated to move in the direction of the lee slope.

1 Flanks of the bankThe areaof the bank that sits between the shallowest regions of the bank, the bank crest
and the seafloor surrounding the bank feature. The flanks of a sandbank are typically characterised by steep
slopes. Review of the bathymetric datasets collected in 2016, 2019, shows on Arklow Bank, the flanks of
the bank can be considered to extend from approximately th&0 mLATcontour to the -30 m LATcontour.

1 Bank head The area of the bank which is nourished by the dominant regional sediment supply. At Arklow
Bank ths is coincident with the northern end of the bank.

1 Bank tail The opposite end of the bank to the head of the bank, typically characterised by a net loss of

sediment from the sediment cell. At Arklow Bank this is coincident with the southern end of kb

10
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ExecutiveSummary

Arklow Bank is a narrow linear sandbafirmed across a glacial moraine. The banksiguated in the Irish Sea to the
east of Arklow, County WicklowArklow Bank forms part of a series of coaparallel, northsouth trending, offshore
banks.SSERenewabless currentlyin the developmentphaseof the Arklow BankWind Park(ABWP) The company
holds a leaseto develop up to 200 Wind Turbine Generators (WTG) arrectangulararea of seabedaligned with
Arklow Bank, whichalsoincludestwo consentedroutesfor grid connectioncablesfrom the wind farm siteto shore
Presentlythere areseven 3.6MWWTG,operating withinthe pre-existingPhase lease areaon the central crest area

of Arklow Bank

When offshore wind farmsare located on, or adjacentto, shallowsandbankshigh levelsof seabedmobility are likely
to occur which increaseghe need to understandpotential seabed level variabilityand account for the variability
during design The consortiumwas commissioned to undertaka comprehensive morphodynamic assessment for
the ABWPdevelopmentarea. The overarching aim of the project was to predict thmagnitude of likely bed level
change which may occuracross the lease areaand along the export cable route over the lifetime of the
development. The approach to the work involved a combination of qualitative/quantitative assessments of site data,
empirical evaluation, detailed site modelling and application of professional judgements Tleport provides a
description of the sediment and morphodynamic regimesnd includes the following:

A A review of he area of investigatiorincluding the regional and local settingformation of the sandbanks on

the eastern Irisfcoastlineand their contemporary form;
A The distribution of water depths and associated sediment coaeross the development area
A The natureand influence of the tidal and wave regimesicross the development area

A A suite of complementary datded analysis including shear stressassessmentdetailed analysis ofmobile
bedformsand quantification of historic morphological changencluding seabed level elevatiorhank shape,

and profile, through time

A A synthesis ofthe sedimenttransport regime, includingthe development of a regional, and local scale,

Conceptual Ste Models (CSM)and,

A An integrated, systemsbased approach, cetermining future seabed levelsand the potential envelope of

seabed level variationvhich may occur across the areaver the lifetime of the development.

Observed and pedicted changes to seabed levels through timen occasionexceed circa. 15 to 26, which illustrates
the significantrisks to windfarm infrastucture associated with seabed dynamics across the development afdze
seabed region is complex and has the potential follow multiple response pathwaysver the project lifetimeand

thus display multiple, distinct, system statd@hiroughout the assessent, our understanding of the hydresedimentary

11
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processes which underpin the prevailing sediment transport regime across the lease area, and proposed export cable
routes, has evolved. This understanding has informed the development, configuration, andiegipn of the coupled
hydrodynamic, wave and sediment transport model to provide outputs suitable to inform decisioaking during
design An integrated approachwas establishedvhichcombined modelling efforts focussed solely on supporting the
assessment of the lateral (eastest) movement of thesandbankcrestline and the subsequent effects on the shape
and profile of the banB, with available measured datasets and complementary forms of analyisigotal, 31seabed
levels derived from measured (bathymetry) datasetemplementary analysis, and numerical model simulatiomsre
utilised to predict the highest and lowest potential system states likely to occur over the lifetime of the development
Appropriate confidencdimitswereapplied, though no additional safety marginsbeyond those described in this report

were used

At the conclusion of the current stage of the morphodynamic study for the Arklow Bank Offshore Wind Farm it is
judicious to identifypossible next steps which would potentially improve confidence in the predictions made regarding
the estimated variation in future seabed levels across the lease area, to supporsthEsequent desigrprocess. Two
options exist:
1. Further, data collection,gecified, reviewed, and interpreted within the framework of conceptual
understanding developed to date; and
2. Research and development type studies to explore potential further numerical modelling options or remote
sensing opportunities for long term monitang of the form, and profile, of the shallowest regions of the
bank.
Where the potential exists for existing datasets to be bolstered by additional data/analyses to provide further lines of
evidence from which to draw conclusions, these opportunities shibbe explored.In addition to further data collection,
it has been postulated that research and development type projects may also benefit the study and wider project. To
investigate these concepts further, smaltaleresearch and developmentype pilot studies would be proposed, the

overarching aim of which would be to assess the potential application and value of these options.

12
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FIGURES

Figure 1. ABWP Lease Area: and consented cable routes overlain the local and regional bathymetry (source: EMODnet

and INFOMAR Bathymetry). Note bathymetry at the regional scale is relative to MSL..................cmmmeeeeeenennn. 43,

Figure 2. Schematic showing the spatial and tempbscales associated with morphological response of the seabed.

Image reproduced from WHhItENOUSE (LO97)-.....ccoouviiiiiee it e ettt ettt et e+ nee e 2 ne e+ 2 s [
Figure 3. The spatial layout of available historic bathymetry data...................commmmeeeeeeeereeeees s e e e esseneeessneee b

Figure 4. A schematic detailinthe modelling tools and their application within the study of site morphodynamics at
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Figure 5. The boundary extentsférr e gi onal 8 and 6mesod6 spati al scal es ove

Sea (source: EMODNEt BatNYMELNY)........coiiieiiieee s e e e e e e e e st o222 2222244212 o 5555555522222 4 444 s 555000002 OO

Figure 6. Estimated depth of closure following the equa

depth denotes the projects Nearshore DOUNUALY...........c..uiiiiet e eeeee e e e et e ntee e e e s e+ eee e enee e OB

Figure 7. The three emission scenarios presented in the form of a time series of-tilean sea level change. Plot

reproduced from UKCP 18 (2018)........cccciiuuuueees e e eeeeeesasnsssss s s s ees a2 22225 ss s e 5 5525252222245 s om0 10 0nsesaees fodas

Figure 8.Location of the various sandanks, which form the local bathymetrglong the easternseaboard of

Irelandl(Source: INFOMABANYMEIIY)......coiiii it s e et e e e e e e e s 2222 s 2222222242 s 5555200252222+« s« £ O

Figure 9. The 10 m contour analysis from the 1978 and 2018 edition of Chart no 1787 and the MBES data acquired in
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Figure 10. The20 m contour analysis from the 1978 and 2018 edition of Chart no 1787 and the MBES data acquired
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Figure 11. Classification of tidal and ntidal sandbanks. Image reproduced from Kenyon and Cooper (2005) and

including the classification of Dyer and HUnNtley, (L1999).........c.uii i ereeesreeeseree s s et e sseeesnsee s s e sseeees £

Figure 12. tidal range during a mean spring tide. The location of Arklow Baitkin each plot is marked as a bounded

area as a White liNe. SOUICE: ABIMS.........oouuuu ettt eeeeee e et e s s s s 222242 e s 2+ s s s 5450 s 2222 e e s 00 s s s+ 222 e e nnnn s D

Figure 13. maximum deptlaveraged current velocitiesThe location of Arklow Bank within each plot is marked as a

bounded area as a White liNe. SOUICE: ABIMS..........ccouiiiuiimmmeeeeteeesnteee et steeesetee e se st 211 e snbe e e s ey &
Figure 14. 50year returnperiod storm surge elevations in cm (figure reproduced from Flather, 1987)............... 83.
Figure 15. 5¢year return period storm surgecurrents in m/s (figure reproduced from Flather, 1987).................. 84.

Figure 16. Map of indicative values of B@ar return period significant ave height (m). Figure reproduced from Carter

(1993).c... v memene et 222 s 2222 memen st semoer s er e es s s s e eess BB

Figure 17. Surficial Sediment Distribution in the Irish Sea at the regiecele. Source: BGS (2019): digital map SBS250.
Note for sediment classificatiorthe standard Folk triangle was used, based on the percentage of gravel and the
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Figure 18. Regional sediment transport directions and bedload parting zones. The Arklow regional scale is indicated

by the bounded area coloured magenta. The BFis adapted from Holmes and Tappin, (2005). Image reproduced

FTOM IMEIIEE €1 @1, (2015).. ... teeeeeiureeeee e s e« e et eeeeeesse e s 5222224222222+ i £ 2+ 425555552425 15 ¢ s £ £ 554224255554 2+ 4 st o 0 4+

89

Figure 19. The regional bedload transgquathways (left) and a zoomed in image of the bedload parting zone to the

north of Arklow Bank. Image reproduced from Van Landeghem et al. (2009). (Arklow Bank is bounded in red area).

....90.

Figure 20. Average net sandwave migration rates per year from repeated MBES data. Image reproduced from Van

[ Voo [=To ] aT=T a0 =Y A | PO 20 I TSR

a1l

Figure 21. Spatial plots showing the tracks from particles, released on peak flood (left and peak ebb (right) from a

location next to the mouth of the Avoca River and at the coast, southWwfcklow Head. Note: the particles released at

the mouth of the Avoca River did not move in the 3Aay SIMUIALION................coiievet e e e e e e e e eeees

93

Figure 22. Visulsation of the conceptual understanding of processes occurring at the regional scale.............. 96.

Figure 23. A schematic diagram showing tla@atomy of the bank and delimiting the five primary process environments

ACTOSS ATKIOW BaNK........uiiiiiiiiiie e et e e e e e e e e s i 422222222 e+ et £+ 5555552255515 5 st £ £ £ £ 5555585 4 4 5 2+ ¢ st o 5 10000+

938

Figure 24. Bathymetric plot oArklow Bank. The dashed line shows the distinction between the north, central and south

sections of the bank. Data sources: INFOMAR (2016) and EMODNET.............cuet e sreeesineeesess e sereeens

Figure 25. Slope derived from the 2019 bathymetriC dataSeL.............uveeies e eeeeseeeeeeeeee s e e e e e s eesnse s s

.100

101

Figure 26. The predicted relative influenad surges on water levels (top panel), and current speed (lower panel) at

the north of the site, for the year 2010 derived from comparison of modelled hindcast data and data derived from a

NAIMIONIC TG BNAIYSIS........eeiiitiie it s ettt st 4442+t ¢+ st £ 24+ 5 2441554 ¢+ et £ 54 £ 455244514 ¢ 4t 1

Figure 27. The water level data, and depthov er aged curr ent

TOITI OF @ LI SIS ..ueunn i iiiiieiei et e e e et e et s £+ 2222242 s e+ 2+ ¢+ ot £ 55 £+ £ 5524455+ st £ £ £ 5545582225550 & ettt £ 402+

Figure 28. The water level data, and depthv er aged curr ent

TOITI OF @ fIMNIE SBIIES.....ueueiiiiiiiti e e e e e e et et s £+ 2222242 s e+ 2+ ¢+ ot 5 £ £+ 5254452+ st £ £ 5554554222555 5 & ettt £ 0 20+

Figure 29. The water level data, and deptov er aged curr ent

TOIIN OF @ fIMNIE SIS . .eeuieeeieetee e et e e e e et s st £+ 2422220 e 2+ 2+ £+ ot 5 22+ + 252212+ sttt £+ 555 15022222552 et e

Figure 30. The water level data, and depthv er aged current

TOITI OF @ LI SIS ..euunniiiiiiitei et e e e e et et i £+ 222224 s 4+ 2+ ¢+ ot 5 £+ £ 5554452+ et £ £ £ £ 515822245 551 ettt £ 424+
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Figure 31. The water level data, and depétveraged current speed, measured at frame oa
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Figure 32. Current speed presented as a function of direction in the form afuarent rose. The data presented were

measur ed
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Figure 33. Current speed presented as a functiondifection in the form of a current rose. The data presented were
measured at fr.ame..l.0cat. i.0n. .  0.B8 . m—————ee. 110
Figure 34. Current speed presead as a function of direction in the form of a current rose. The data presented were
measured at fr.ame..l.0o.Cal i, 0.0 0.0 0 e m————e e 110
Figure 35. @rrent speed presented as a function of direction in the form of a current rose. The data presented were
measured at fr.ame..l.o.c.at. .00 0.D.0. e mm——————neee L1
Figure 36. Current speed presented as a function of direction in the form of a current rose. The data presented were
measured at fr.ame..l.ocalt. i.0n.  0.E o ———————eea 111
Figure 37. Joint probability distribution showing current speed and direction. The data were retrieved from the
instruments depl.oy.ed. . . at.ld.0Cat 0. 0. .A0 e 112
Figure 38. Joint probability distribution showing current speed and direction. The data were retrieved from the
instruments depl.oyed..at..l.0cal. ion QB0 . ———..112
Figure 39. Joint probability distribution showing current speed and direction. The data were retrieved from the
instruments depl.oy.ed. . . at..l.0cat j0n. . 0.Co i m————.113
Figure 40. Joint probability distribution showing current speed and direction. The data were retrieved from the
instrumentsdepb y e d at |.0.C.a.L Q. Db et e e et e e L 13
Figure 41. Joint probability distribution showing current speed and direction. The data were retrieved the
instruments depl.oyed..at..l.0ocat.ion . 0EO o —.114
Figure 42. Water surface elevation and flow vectors during peak €bh..............cooooi e e e ecciivveee s e e e 117
Figure 43. Water surface elevation and flow vectors during peak flaad................coommmmeeeeiniee e e o0, 118
Figure 44. The head difference derived from the water |
are derived by subtracting values for water levels from framelooati 6 D6 fr om water | evels at
negative values shows that the measured water | evel at
a bias towards the east of the bank and vice versa. Note: the variation in the wiateel data presented suggests some
artificial artefacts persist within the data reCOr..................ii i mmeree et e e v s e e seneeeseneee e LD
Figure 45. Water surfacelevation during flood (right) and ebb (left) tides showing head difference between east and
LTS 00 ) o = Vg | PP OPPPBPRPP A X
Figure 46. Residualdiv vectors (left panel), and residual total load transport (right panel) across the local model
AOMAIN, OVEF thE TUNGI CYCIu..iiiieiieeieieeeee s e e eneee e o+« e a2 222022« 5522255222224 v+« 1510002210000 0 mende QO
Fure 47. Residual flow vectors (left panel), and residual total load transport (right panel) over the lunar cycle. Zoomed
iN 10 the SOUh OF the DANK............iii et sttt 24+ + 2kt + 4 s+« 10222t e e s sl 2 L
Figure 48. Residual flow vectors (left panel), and residual total load transport (right panel) over the lunar cycle. Zoomed

IN 1O the NOITN OF T8 DANK.......ve e et e ettt i e+ + e+t 22t s e e+ st s+ 22 e e e e s e e st st e s 2 e e s e et nnnnnees o L D2
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Figure 49. Time series showinggH,and ,f r om data retrieved from insti2bments
Figure 50. Time series showingHpand ,f r om data retrieved from i nstt2ments
Figure 51. Time series showing,H,and ,f r om data retrieved from i nst.i25ments
Figure 52. Time series showingHpand ,f r om data retrieved from instt2ments
Figure 53. Time series showinggHpand ,f r om data retrieved from i.ns.tt2Bment s
Figure 54. H, T, and T, presented as a function of direction in the form of a wave rose for each measurement frame

0T 11T ] o OO PR PRPTPPPOPRPPI V1 o

Figure 55. Scatter plot shwing Hs vs T; (left panel) and Hvs T, (right panel)...........cccoovvvieii el 31

Figure 56. Coincident conditions occurring at frame locationddiring the largest wave event observed at this frame

location during the MeasureMENt CaMPAIGN........uuuieieeeeie e o seereeeeeseeesss s s s ssssaseeeeses s e« 1o s e snsssssesss sl a3 2

Figure 57. Coincident conditionsazurring at frame location B during the largest wave event observed at this frame
location during the MeasUremMENt CAMPAIGN..........ccoiueeeiues e seeeeesteeeesse s e ss st e e stseeese e s e+ 11 00 e e 1100 e e 10 s e cmmnliD

Figue 58. Coincident conditions occurring at frame location C during the largest wave event observed at this frame
location during the MeasureMEeNt CaMPAIGN........uueiiieeeeie .. o seereeeeeeeeesss s s ssssaseeeeses s e« 1o s ensnsssesesss sl a3 2

Figure 59. Coincident conditions occurring at frame location D during the largest wave event observed at this frame
location during the MeasuUreMENt CaMPAIGN........uuiiiieeeeee .. o eeeteeeeeseeesss s s ssssaseeeese s s e« 120 ssnsssesesss sl S

Figure 60. Coincident conditions occurring at frame location E during the largest wave event observed at this frame
location during the MeasUremMENt CAMPAIGN..........cciiuuee et e e seeeeesteeeees e e+ 1se e e stsesete e s e+ 1150021000 e 210 s e cmmenLiD S

Figure 61. The sediment volume analysis derived from the 2016 and 2019 bathymetric datasets. Plot 1, and Plot 2, shows
the area of deposition, and erosion, in the for of spatial plots, respectively. Plot 3 presents these data empirically to
determine the net effect of the deposition/erosion pattern observed between 2016 and 2019................... el 35

Figure 62. The location of the seabed grab samples (ASU, 2010 & 2011) and the borehole locations across Arklow Bank
(0o (T2 01010 ) PP PP POPRPOPPPUPRR B ¥ 4

Figure 63. The interpretation of the distribution of seabed sediments across the lease and export cable routes (GDG,
107,10 ) JOU OO PP

Figure 64. The spatial variation in the thickness of Unit OA and Unit | (the potentially mobile layers) derived from the
interpretation of seismic data. Gaps in thgata coincident with the shallowest regions of the bank are evident. Shapefile
Provided DY GDG (2020)........ueeeeiueeeeee s oottt e e s eaee s s 12224+ 122t e 24+« st £ 244+ 12552222+ 4 15 & s+ 1255522222205 5 0+« s s LAD

Figure 65. The spatial variation in the thickness of Unit 2 (the interpreted -eoodible level) derived from the
interpretation of seismic data. Gaps in the data coincident with the shallowest regions of the bank are evigleapefile

Provided DY GDG (2020)........ueieiueeeiuee s ssteeeseteeesteee s s s e e 1ete e+ 10t e+ s s 2422550222544+« 1552225502225 10+« s« LA D

Figure 66. Overview of borehole logs obtained during the Phase 1 campaign. Figure reproduced GDG, 2020151

Figure 67. Hydrodynamic model outputs. Maximum bed shear stress on spring tide only (without wave actioh$3
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Figure 68. Time series showing the water level and current speed at frame location A. The coincident stress due to
CUITENTES IS AISEDIOTIEM. ......eeieiiiiteee ettt 424414+ £+ 45554+ 5 554455 st £+ 454+ 1 51544151 ¢ s £+ 1 0 L DD
Figure 69. Time series showing the water level and current speed at frame location B. The coincident stress due to
oW = g1 ST TSI 1Yo N o] [0 1 (= o SO PSPPPPSRSUPRN Lo 1o
Figure 70. Time series showing the water level and current speed at frame location C. The coincident dtress
CUITENES IS @ISO PIOMEM. ... eeieeiiiieie ittt e+ 114+ 0 4+« £+ 45524+ 4552425+« st £+ 12554+ 1 5550+ 155 ¢ st o+ 1+ LD O
Figure 71. Time series showing the water level and current speed at frame location Dcdineident stress due to
CUITENTES IS @ISO PIOTIEM. ....ccoteiiiiiie ittt ettt 4244144 s £+ 1554+ + ¢ st £+ 154412052+ ¢ s 2«1+ LDO
Figure 72. Time series showing the water level and current speed at frametioeeE. The coincident stress due to
CUITENTS IS @ISO PIOTIEM. ... . .eiiieiiiiii e ittt 44442ttt ¢ st £ 444415244+ 45 st £ 55222+ 2 00554+« s 22+ LD [
Figure 73. Maximum wave orbital velocity at the seabed during ty@ | 6p5006 wawv.e...c.0.ndilb9 ons.
Figure 74. Maximum wave orbital velocity at the seabed during the 1 in 50 years wanditions.......................... 161
Figure 75. Time series showing water level, ahd current velocity and coincident turbidity data (collected usiniget

OBS and ABS instrument) across the entire measurement campaign (top) and during a period of enhanced wave
action (bottom). Data retrieved from frame [0CAtION A...........cooueiiietimmmn ettt s sveee s s 1000 LO3
Figure 76. Time series showing water level, ahd current velocity and coincident turbidity data (collected using the
OBS and ABS instrument) across the entire measurement campaign (top) and during a period of enhanced wave
action (bottom). Data retrieved from frame [0CatIoN Bh.............c..ooei i e e eeeveeeee s s e e e e s sseeeee s s e e o000 1O
Figure 77. Time series showing water level,dhd current velocity and coincident turbidity data (collected using the
OBS and ABS instrument) acroise entire measurement campaign (top) and during a period of enhanced wave
action (bottom). Data retrieved from frame 10CatioN C...............oouuiit o ceeeeee e e e s e s e ee e e e e e e s e s 10000 LOD
Figure 78. Time series showing water level, ahd current velocity and coincident turbidity data (collected using the
OBS and ABS instrument) across the entire measurement campaign (top) and during a period of enhanced wave
action (bottom). Data retriegd from frame 10CatIoN D...............coiiuuivt e ceeeeeeee e s e s eeeeesaee e e s e s 10000 LOO
Figure 79. Time series showing water level, ahd current velocity and coincident turbidity data (collected using the
OBS and ABS instrument) across the entire measurement campaign (top) and during a period of enhanced wave
action (bottom). Data retrieved from frame [0CatION E.............cooovvvimmmmm seeeeeeesseieeee s e e esteeee e s s s eseees 1O 7
Figure 80. Model extraction locations along the CreStliNe...............ooio e e e eeveiee et e e e+ oo LO8
Figure 81. Sediment transport normal to the bank for eight positions along the bank crest (top to bottom, north to
L0 100 PP P P PPPTOUPR o1
Figure 82. 30 day running mean sediment transport normal to the bank for eight positions along the bank crest (top

10 DOttOM, NOIMN T0 SOULN) _....ciiiiiiiii ittt e+ £+ttt e+« 242+ 42224+ #4222 225550222200 5 smsmmnl £ O
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Figure 83. 30 day running mean sediment transport normal to the bank for eight positions along the bank crest (top

to bottom, north to south), 2000 DAtNYMETIY..........cciiuiiiiiii ettt s et s e e e enneeenee e sl L

Figure 84. 30 day running mean sediment transport normal to the bank for eight piiasis along the bank crest (top

to bottom, north to south), 2019 DatNYMELIY.........ccoiiiiiie et e e ee e e e et e e e e ssee e e e e i« 222 n s ee a2 22 nnse e sende £ 2

Figure 85. Observed bed level change across the lease area. The plot is developed by comparing the single beam data
acquired in 2000 with MBES data acquired2016. The red shading indicates accretion, and the blue shading indicates

L0 3 (0] 1! A o

Figure 86. Observed bed level change acros&tlease area. The plot is developed by comparing the singlebeam data
acquired in 2000 with the MBES data acquired in 2019. The red shading indicates accretion, and the blue shading

[T ToTo= LY =T {01 [ o TSR OTRRRRTN B oY 4

Figure 87. Observed bed level change between 2000 and 2016 (left panel) and 2000 and 2019 (right panel) presented

as a nominal 6rate of changedn,anttheblue shddiag indieates esosiendlir8h g i n
Figure 88. Spatial plots showing the observed bed level change between 201620%4®9. The red shading indicates
accretion, and the blue shading indicates erosion. For reference, #h® m contours derived from data collected in

2000 and the 2016 and 2019 datasets are included for referenNCe...............vvve e e eereevrie e e s e eeeeeeennnnn L 19

Figure 89. Spatial plots showing the observed bed level change observed between 2011 and 2019. The red shading

indicates accretion, and the blue shading indicates erosidfote: the southernmost cable route has since been

dropped but the data is presented as it provides useful data to consider the bed level change across the region to the

WEST OF ATKIOW BANK.......couiiiiiiiiiit ittt 411+ 441144201+ 44212222210+ s o2+ 0+ LD O

Figure 90. Various comparisons of the data acquired in IA 1 during the 2020 survey campaign. The plots presented

show the bed level change through time and on occasion, pertinent profiles exteacfrom the data..................... 181

Figure 91. Various comparisons of the data acquired in IA 2 during the 2020 survey campaign. Thepvkdented

show the bed level change through time and on occasion, pertinent profiles extracted from the data............. 182

Figure 92. Variousomparisons of the data acquired in 1A 3 during the 2020 survey campaign. The plots presented

show the bed level change through time and on occasion, pertinent profiles extracted from the data............. 183

Figure 93. A comparison of the data acquired from a transect across the crestline in IA 3 during the 2020 survey

campaign between the period 13.07.2020 and 07.08.2020. The plots presenteghastulated to show wave influence

at the crestline with a flattened profile evident, following which the reform of megaripples along the transect is clear.
...184

Figure 94. Various comparisons of the data acquired in IA 4 during the 2020 survey campaign....................187

Figue 95. Schematic diagram of the three dominant processes in sandwave formation, bed load transport (net flux

towards the crest, causing sandwave growth), slope induced transport (causing sandwave decay), and suspended load

transport (causing sandwave decpyReproduced from Borsje et al., 2014)..........ccceeeuresmmmneseveeesveeesnees 189
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Figure 96. Transect analysis at a location to the SE of the bank (sandwaves creste fefthindicating southward
sediment movement) (left panel). Transect analysis at a location to the SW of the Bank (sandwaves crests to the right
indicating northward sediment movement) (right panel). The image at the top shows a red line which depicts the
length and orientation of the profile presented below where the blue line shows the data from 2011 and the red line

SHOWS the data frOM 2016, .......cciiieiieiee e e e s+ 2222224422t ssss  +£2 525555555555+ 4 5 s+ 2222222552555 5 50+ svmsss L D L

Figure 97. Transect analysis at a location to the rvigst of the central part of the bank (sandwaves crests to the right
indicating northwardsediment movement) (left panel). Transect analysis at a location to theenit of the central

part of the bank (sandwaves crests to the left indicating southward sediment movement) (right panel). The image at
the top shows a red line which depicts the length and orientation of the profile presented below where the blue line

shows the daa from 2011 and the red line shows the data from 20LG..............oouvmm e eeeeeerineeee s e v 192

Figure 98. Transect analysis at a location to the NW of the bank (sandsecrests to the right indicating: northward
sediment movement). Transect analysis at a location to the NE of the bank (sandwaves crests to the left indicating

southward sediment movement). Note: 2011 data is not available..................ocommeeeeeeeeiiieere s e e e eneveeeee 0. 193

Figure 99. The analysis of sandwaves at the southern tail, and southeast region, of the bank derived from the
bathymetry data collected in 2016 and 2019. Thel @rrows in the top image depicts the length and orientation of the

profile presented below where the blue line shows the data from 2016 and the red line shows the data from 2849.

Figure 100. The analysis of sandwaves at the southwest and southeast region, of the bank derived from the bathymetry
data collected in 2016 and 2019. The red arrows in the top image depictslémgth and orientation of the profile

presented below where the blue line shows the data from 2016 and the red line shows the data from 2019..195

Figure 101. The analysis of sandwaves at the central west and central east region, of the bank derived from the
bathymetry data collected in 2016 and 2019. The red arrows in the top image depicts the length and orientation of the

profile presented below where the blue line shows the data from 2016 and the red line shows the data from 2089.

Figure 102. The analysissdndwaves at the central east region, of the bank derived from the bathymetry data collected
in 2016 and 2019. The red arrows in the top image depicts the length and orientation of the profile presented below
where the blue line shows the data from 2016 @ithe red line shows the data from 2019..................ce v i 197
Figure 103. The O6mini mumd RSBL det er mi nTeldnethod.d\Note: théhe 2 0
maximum RSBL has also been determined and is provided as part of the complementary data package provided
AIONGSIAE TS FEPOIL. ... eeiveiiitiie ittt ettt ettt et 112t 1 e+t £+ 12524+ 15 5542104« smta+ 1050210000+ 10 0 ¢ s e« 1 000 L O D

Figure 104. The comparison of the RSBL to areas of sandwaves identified in the 2019 bathymetry survey. Within the
profile plots the RSBL is represented by the black line whereas the 2019 bathymetry profile is represented by the red
L1 ettt ke 4112411 4 £ 411154411154+ £ 1441111441115+ i 124210411« # i 10010 200

Figure 105. The potential vertical change predicted to occur through time due to the migration of sandwave features.
The bedchange is quantified by comparing the RSBL determined from the 2019 data, compared to the corresponding
T2 1101 01T Y2 SO UUUPRTORPPPPY” I &
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Figure 106. The potential vertical change predicted to occur through time due to the migration of sandwave features.
The bed change is quantified by comparing the RSBL determined from the 2016 data, compared to the corresgpndi

0T 1101 01T 1 Y78 SRPRSIY, 0 124
Figure 107. An example of the Fourier transform analysis. This method was applied to all transects acrossérerésas

for the data acquired in 2016 and iN 2019..........ccceeiiuei e seeeeesteee ettt stsee e s e+ se s e e e 1sne e+ 10 s ¢ s 202
Figure 108. The mean, $5percentile and maximum sandwave height derived from the Fourier transform method
applied to the 2016 bathymetry data (left panel) and the 2019 bathymetry data (centre panel). The right panel shows
the respective dIffErENCE PIOL..........viii e s e e e e ettt e e e v e+ 22222420t s 5222252052022 42 e« 22200000020 nn 000 2O

Figure 109. Sandwave migration rates determined from comparison of the data acquired in 2016 and.2019.206

Figure 110. The profiles extracted from IAL..............uueee e eeeeeeesteeee s e s e e e e e sesssss s s s 222 e 2222222050 e o2 L L
Figure 111. The profiles eXtracted frOM TAZ..........c.uii et sereeesteee et e+ttt e ste et e e+ 100002100« s 2L
Figure 112. The profiles extracted from LA ... et e e e e e e ee et s e e e s 2222224022 e 5 5525522222222 42+ mosmsss DL
Figure 113. The profiles eXtracted frOM TAD. ... .....c..ii i e setee st ee et sttt e ste et e e+ 200002100« 2L 3

Figure 114. The profile extracted along the transect surveyed in IA1 on 21.07.20. The full profile (top left panel), the
zoomed in profile above the-10 m contour (top right panel), the west (bottom left panel) amést (bottom right panel)

face of the bank in areas deeper than thelO m contour are PreSeNted.............cvvevveve e s reessireesnnee s e 240
Figure 115. The profile extractalong the transect surveyed in IA2 on 21.07.20. The full profile (top left panel), the
zoomed in profile above the-10 m contour (top right panel), the west (bottom left panel) and east (bottom right panel)
face of the bank in areas deeper than thelO mMcontour are PreSENtEd............ccuvvvvveers e e eeeeeesennnses s e e e a2 2oL D
Figure 116. The profile extracted along the transect surveyed in IA2 on 11.08.20. The full profilef(tpanel), the
zoomed in profile above the-10 m contour (top right panel), the west (bottom left panel) and east (bottom right panel)
face of the bank in areas deeper than thelO m contour are PreSENted...........ocveeiveee e s veeerireesseves s s vee . 216
Figure 117. The profile extracted along the transect surveyed in 1A5 on 07.08.20. The full profile (top left panel), the
zoomed in profile above the-10 m contour (topright panel), the west (bottom left panel) and east (bottom right panel)
face of the bank in areas deeper than thelO m contour are PreSENted............cueeveeee s veeesireesvves s e vee . 216
Figure 118. The profile extracted along the transect surveyed in I1A5 on 28.07.20. The full profile (top left panel), the
zoomed in profile above the-10 m contour (top right panel), the west (bottom left panel) and east (bottom right panel)
face of the bank in areas deeper than thelO m contour are PreSeNted............coouveeee e mmnceeeeseveeeesesess s eeveee 217
Figure 119. The profile extracted along the transectveyed in IA1 over the period between 06.08.20 and 07.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper thithe -10 m contour are presented.......219
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Figure 120. The profile extracted along the transect surveyed in 1A2 over the pdigtsveen 20.07.20 and 21.07.21.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are preseted......... 219

Figure 121. The profile extracted along the transect surveyed in I1A2 over the period between 06.08.20 and 07.08.20 on
28.0720. The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west
(bottom left panel) and east (bottom right panel) face of the bank in areas deeper than #i® m contour are
[1CEET=T 01 (=T o R OO PO OO U PP OUPP PRSI ZYA O

Figure 122. The profile extracted along the transect surveyed in I1A3 over the period between 06.08.20 and 07.08.20.
The full profile (top left panellthe zoomed in profile above the- 10 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......220

Figure 123. The profile extracted along the transect surveyed in IA5 over the period between 28.07.20 and 29.07.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented.......221

Figure 124. The profile extracted along the transect surveyed in 1ALl over the period between 15.07.20 and 20.07.20.
The full profile (top left panel), the zoomed in profile above th&€0 m contour (top right panel), the wat (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......223

Figue 125. The profile extracted along the transect surveyed in 1A2 over the period between 15.07.20 and 21.07.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (botte right panel) face of the bank in areas deeper than th&0 m contour are presented......223

Figure 126. The profile extractealong the transect surveyed in IA2 over the period between 21.07.20 and 26.07.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the b&rin areas deeper than thel0 m contour are presented.....224

Figure 127. The profile extracted along the transect surveyed in |1A2 tke period between 26.07.20 and 06.08.20.

The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contar are presented.......224

Figure 128. The profile extracted along the transect surveyed in 1A2 over the period between 06.08.20 aBd201.0
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......225

Figure 129. The profile extracted along the transect surveyed in 1A5 over the period between 15.07.20 and 21.07.20.
The full profile (top leftpanel), the zoomed in profile above thel0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......225

Figure 130. The profile extracted along the transect surveyed in I1A5 over the period between 21.07.20 and 28.07.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......226
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Figure 131. The profile extracted along the transect surveyed in IA5 over the period between 28.07.20 and 06.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), thevest (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......226

Figure 132. The profile extracted along the transect surveyed in 1Al over the period between 11.07.20 and 25.07.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the wesbéttom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......229

Figure B3. The profile extracted along the transect surveyed in IA1 over the period between 25.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom ght panel) face of the bank in areas deeper than th@0 m contour are presented......229

Figure 134. The profile extracted along theatrsect surveyed in 1Al over the period between 11.07.20 and 25.07.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areasaper than the-10 m contour are presented......230

Figure 135. The profile extracted along the transect surveyed in IA1 ovepér®d between 25.07.20 and 09.08.20.

The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour arepresented....... 230

Figure 136. The profile extracted along the transect surveyed in IA1 over the period between 21.07.20648120.

The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented.......231

Figure 137. The profile extracted along the transect surveyed in IA1 over the period between 11.07.20 and 25.07.20.
The full profile (top left @nel), the zoomed in profile above thel0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented.......231

Figure 138. The profile extracted along the transect surveyed in IA1 over the period between 25.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profilabove the-10 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......232

Figure 139. The profile extracted along the transect surveyed in 1Al over the period between 11.07.20 and 25.07.20.
The full profile (top left panel), the zoomed in profile above th&d0 m contour (top right pan@, the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......232

Figure 140. The profile extracted along the transect surveyed in 1Al over the period between 25.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and ast (bottom right panel) face of the bank in areas deeper than thE0 m contour are presented......233

Figure 141. The profilextracted along the transect surveyed in 1Al over the period between 11.07.20 and 25.07.20. The
full profile (top left panel), the zoomed in profile above thel0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) facef the bank in areas deeper than thel0 m contour are presented......233
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Figure 142. The profile extracted along the transect surveyedAl over the period between 25.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......234

Figure 143. The profile extracted along the transect surveyed in IA2 over the period between 1@.8id29.07.20.

The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......234

Figure 144. The profile extracted along the transect surveyed in IA2 over the period between 29.07.20 and 11.08.20.
The fullprofile (top left panel), the zoomed in profile above thelO m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......235

Figure 145. The profile extracted along the transect surveyed in IA2 over the period between 14.07.20 and 29.07.20.
The full profile (top left panel), the zoomed iprofile above the-10 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......235

Figure 146. The profile extracted along the transect surveyed in IA2 over the period between 29.07.20 and 11.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (topright panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......236

Figure 147. The profile extracted along the transect surveyed in IA2 over the period between 15.07.20 and 26.07.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the wesbéttom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......236

Figure #8. The profile extracted along the transect surveyed in IA2 over the period between 26.07.20 and 11.08.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left

panel) and east (bottom ght panel) face of the bank in areas deeper than th&0 m contour are presented......237

Figure 149. The profile extracted along theatrsect surveyed in IA2 over the period between 14.07.20 and 29.07.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areasaper than the-10 m contour are presented......237

Figure 150. The profile extracted along the transect surveyed in IA2 overpiigod between 29.07.20 and 11.08.20.

The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour arepresented....... 238

Figure 151. The profile extracted along the transect surveyed in IA2 over the period between 14.07.20 and 29.07.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented.....238

Figure 152. The profile extracted along the transect surveyed in IA2 over the period between 29.07.20 and 11.08.20.
The full profile (top left panel), theoomed in profile above the-10 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......239
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Figure 153. The profile extracted along the transect surveyed in IA2 over the period between 14.07.20 and 29.07.20.
The full profile (top left panel), the zoomed in profile above th&0 mcontour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......239

Figure 154. The profile extracted along the transect surveyed in IA2 over the period between 29.07.20 and 11.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (litom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......240

Figure 155The profile extracted along the transect surveyed in IA3 over the period between 12.07.20 and 28.07.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom righpanel) face of the bank in areas deeper than th&0 m contour are presented......240

Figure 156. The profile extracted along thensect surveyed in IA3 over the period between 28.07.20 and 12.08.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in aredseper than the-10 m contour are presented.......241

Figure 157. The profile extracted along the transect surveyed in 1A3 over theogdretween 12.07.20 and 28.07.20.

The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are preented........ 241

Figure 158. The profile extracted along the transect surveyed in IA3 over the period between 28.07.20 and 12.08.20.
Thefull profile (top left panel), the zoomed in profile above thel0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......242

Figure 159. The profile extracted along the transect surveyed in I1A3 over the period between 12.07.20 and 28.07.20.
The full profile (top left panel), theoomed in profile above the-10 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......242

Figure 160. The profile extracted along the transect surveyed in IA3 over the period between 28.07.20 and 12.08.20.
The full profile (top left panel), the zoomed in profile above th&d0 m contaur (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......243

Figure 161. The profile extracted along the transect surveyed in 1A3 over the period between 12.07.20 and 28.07.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottoreft

panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented......243

Figure 162. The profile extracted along the transect surveyed in 1A3 over the period between 28.07.20 and 12.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the wesbéttom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented......244

Figure 3. The profile extracted along the transect surveyed in IA3 over the period between 12.07.20 and 28.07.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom ght panel) face of the bank in areas deeper than th@0 m contour are presented......244
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Figure 164. The profile extracted along thmnsect surveyed in 1A5 over the period between 28.07.20 and 12.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in aredseper than the-10 m contour are presented......245

Figure 165. The profile extracted along the transect surveyed in IA5 overptigod between 15.07.20 and 28.07.20.

The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour arepresented....... 245

Figure 166. The profile extracted along the transect surveyed in IA1 over the period between 11.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......247

Figure 167. The profile extracted along the transect surveyed in 1Al over the period between 11.07.20 and 09.08.20.
The full profile (top left panel), theoomed in profile above the-10 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented......247

Figure 168. The profile extracted along the transect surveyed in 1ALl over the period between 15.07.20 and 07.08.20.
The full profile (top left panel), the zoomed in profile above th&0 mcontour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented......248

Figure 169. The profile extracted along the transect surveyed in IA1 over the period between 11.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (lhtom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......248

Figure 170The profile extracted along the transect surveyed in IA5 over the period between 11.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom righpanel) face of the bank in areas deeper than th&0 m contour are presented.....249

Figure 171. The profile extracted along th@nsect surveyed in IA5 over the period between 11.07.20 and 09.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in aredseper than the-10 m contour are presented......249

Figure 172. The profile extracted along the transect surveyed in 1A2 over theogdsetween 14.07.20 and 11.08.20.

The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are preented.......250

Figure 173. The profile extracted along the transect surveyed in IA2 over the period between 14.07.20 and 11.08.20.
Thefull profile (top left panel), the zoomed in profile above thelO m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented......250

Figure 174. The profile extracted along the transect surveyed in IA2 over the period between 15.07.20 and 11.08.20.
The full profile (top left panel), theoomed in profile above the-10 m contour (top right panel), the west (bottom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented.......251

28



. PARTRAC CONFIDENTIAL

Figure 175. The profile extracted along the transect surveyed in 1A2 over the period between 14.07.20 and 11.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contaur (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......251

Figure 176. The profile extracted along the transect surveyed in 1A2 over the period between 14.07.20 and 11.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottoreft

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......252

Figure 177. The profile extracted along the transect surveyed in IA2 over the period between 14.07.20 and 11.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the wesb6ttom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......252

Figure Z8. The profile extracted along the transect surveyed in IA3 over the period between 12.07.20 and 12.08.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom ght panel) face of the bank in areas deeper than th&0 m contour are presented......253

Figure 179. The profile extracted along thetrsect surveyed in IA3 over the period between 13.07.20 and 07.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areasaper than the-10 m contour are presented......253

Figure 180. The profile extracted along the transect surveyed in IA3 overpiiigod between 12.07.20 and 12.08.20.

The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour arepresented....... 254

Figure 181. The profile extracted along the transect surveyed in 1A3 over the period between 12.07.20 and 12.08.20.
The full profile (top left panel), the zoomed in profile above th&0 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......254

Figure 182. The profile extracted along the transect surveyed in IA3 over the period between 12.07.20 and 12.08.20.
The full profile (top left panel), theoomed in profile above the-10 m contour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti@ m contour are presented......255

Figure 183. The profile extracted along the transect surveyed in IA3 over the period between 12.07.20 and 12.08.20.
The full profile (top left panel), the zoomed in profile above th&0 mcontour (top right panel), the west (bottom left
panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented......255

Figure 184. The profile extracted along the transect surveyed in 1A5 over the period between 15.07.20 and 06.08.20.
The full profile (top left panel), the zoomed in profile above thd0 m contour (top right panel), the west (ttom left

panel) and east (bottom right panel) face of the bank in areas deeper than ti® m contour are presented.....256

Figure 185The profiles extracted from the survey data collected at the Phase 1 turbine locations between 2005 and

Figure 186. The 12 profiles extracted from the Phase 1 surveys over the period October 2005 and June. 2059

Figure 187. The 12 profiles extracted from the Phase 1 surveys over the period June 2006 to April 2007......260
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Figure 188. Tha2 profiles extracted from the Phase 1 surveys over the period April 2007 to May 2008......... 261
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Figure 225. Predicted highest system state for Arklow Bank. @ae are extracted from the 24 model simulations for
locations along the length of Arklow Bank, presented in the form of cressction profiles. The HSBL is traced and
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Figure 226. Surfaces derived from model out put s, com
bathymetries including for relevant contribution to applied confidence limits presentedthe form of crosssection

profiles along the length of Arklow Bank. The resulting, composite, HSBL is traced.................comnereeeennnnn.. 324

Figure 227. Preitted lowest system state for Arklow Bank. The data are extracted from the 24 model simulations for
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1 ProjectAppreciation

SSHscurrentlyin the developmentphaseof the ArklowBankWind Park(ABWP)SSEholdsa leaseto develop up to
200 Wind Turbine Generators (WTG) (which will provide a minimum total installed capacity of 520MWj on
rectangularareaof seabedalignedwith the Arklow sandbankwhichis located 8-12km off the eastcoast oflreland.
Thecurrentleasearea,whichalsoincludestwo consentedroutesfor grid connectioncablesfrom the wind farm site

to shore,is presentedin Figure 1. Presently there are 7, 3.6MW WTG, operating within the Phase llease area,

referred to asArklow Bank Phas#&

Legend X

[]-56.25 :
[ 1-37.50 "8 | S
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—— Cable Routes |
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/

Figurel ABWP Lease Area: and consented cable roateslainthe local and regionabathymetry (source: EMODneind INFOMAR

Bathymetry. Note bathymetry at the regional scaleiislative to MSL.

When offshore wind farms are located on, or adjacentto, sandbanksthen further engineeringconsiderations may
applyover and above an equivalent project situated in open water on a (more) stable seabed. Higher lefstsabed
mobility are likelyto occur which increaseshe need to understandissuessuchaslocal scour andpotential seabed
level variability To inform engineeringdesign,SSEhascommissionedPartrac,MetOceanWorksand Cooper Marine
Advisors to conduct amorphodynamic assessmerdf Arklow Bank and the surrounding area (including thexport

cable routes). The purpose of this study is to investigatethe physical processesand associatedmorphological
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A%
responseof Arklow Bankto, asbest as possible,predict the envelope of seabed level variation likely occur overthe

lifetime of the ABWP.
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2 Study Scopeand Approach

The overarching aim of the study is to provide ebust understanding of morphological processes across the
region, and locallyto assess, with an appropriate degree of confidence, the implications of these processes for the
offshore wind farm both now and across the operational lifetime of the development. To do théssystemsbased
approach was adoptedreliant ona data led analysis complemented by numerical modellinghis approachwas
applied to assesghe magnitude of predicted bed levelchangelikely to occur across the lease area and along the

proposed export cable routedver the lifetime of the development

The primary objective of themorphodynamicstudy is to quantify the extents, magnitude and timelines associated
with the morphobgical processesccurringacross the Arklow Bank and surrounding ar€ko ensure that thestudy
is of suitable quality and content to allow detailed design decisions to badertaken,future seabed levels were

estimated to determine, and predict change&tough time, to:

A The estimated Lowest SeaBed Level (LSBhY,
A The estimated Highest SeaBed Level (HSBL)

A staged approachwasadopted specifically designed to incrementally increase the confidence in the assessment
and project outputs and to ensure numerical modelling toolgvere judiciously applied to support the prediction of
future seabed levelsThisinterpretativereport compiles the works completed to date as part of the assessment of
site morphodynamés at the ABWPThe assessment can besummarisedvia the description ofthe two staged

approach

Stage 1The first stage, conducted upstream of the programme of sitepecific surveys scheduled at the
ABWP, drew upon a combination of qualitative and quantitative assessmehtzresently available site data;
empirical evaluation; initial site modelling; and the application of professional judgeménteviewof the
relevant literature and data sourcewas conductedto develop a regional and local appreciation of the
prevailirg hydrodynamic, wave and sediment transport regimes. To support this, a coupled hydrodynamic
/ wave / sediment transport modelwas developedto predict antecedent conditionsinfluencing the

morphology of the site over the last forty years.

Stage 2 The seond stageutilised survey data to refine and improve the models developed in Stagantl
further develop our technical understanding of sediment dynamics on Arklow BaRklying upon the
outputs of bed-updating, sediment transport simulationand complementary dataled analysisestimates
of future seabed levelsvere made. This supported the assessmenttbe potential range ofseabed level

variabilitylikely to occuracross thelifetime of thedevelopment site
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Achieving a detailed understading of the sediment transport processes and the geomorphological response of Arklow
Bank through timerelies onthe consideration ofa range of information as well as a combination of suitable methods
of analysis. Numerical modelling a wseful tool toaid and extendour understandingand thus formed an integral part

of our overall approach. Modellingvasused to support our expert analysisy testing various hypothesesThe outputs

of the model simulationgnable us toquantify thegeomorphologicalresponse ofthe study areao key process drivers.
The application and interpretation ofnodel outputs issupported by other compémentary industrystandard methods

of assessment, such apuantitative analyses of bedfors) and expert morptological assessmenStudyoutputs were
interpreted within the framework of thdocal scaleConceptual Site Model (CSMand considered in tandem with the
independent assessment of measured dafghis integrated approach avoied placing complete dependencyn any

one method of analysis and allows multiple viewpoints to be integrated into an overall understanding.

Recognising, and moderating for, the limitations of numerical modellimg accurately forecasting morphological
change into the futureis crucial and requires the intelligent application of humerical modelling tools grounded within
a robust understanding of the process drivers of sediment transport at the regional, and Iscale.Restrictions exist
whenperforming long-term morphological predictiongrincipally due tothe many underlying assumptions which may
lead to results diverging from a realistic or true answé problem commonly referredtoa® compoun.éds err or
experienced users of sediment transport models for predicting geomorphological behaviour in and around wind farms,
we are keenly aware of the need to use such tools intelligently, and in combination with an already developed
understanding of sediment transp behaviours and rates. We understand the caution that must be employed when
undertaking geomorphological upscalindrom a period of ebb and floodtides to spring-neap cycles, through to
annualand decadal changes. Sediment transport models are also kditn thatthey can only infer the influences of
smaller scaldi.e. subgrid) features, such as sandwaves through roughness coefficieatsl are unable tcfully resolve
nearfield turbulence induced scour forces around small structards such an indepedent, quantitative assessment

of bedform features and local scour processes/effectasyperformed, informed by the modelling.

To predictlarge scalemorphodynamic behaviour a systemdevel approach is adopted whichrelies ona framework
which integratesconceptual models meso-scale coastal area modeland data driven analysigvan Maanenet al.,
2015} This approachrequiresa detailedappreciation of the interactions that occur between the coamtd the shallow

seabedthrough time, across spacé-igure?2).

1 The methodology utilised within this studjuilds upon the framework established by van Maanet al. (2015) It also follows methodologies

applied withinrecent morphodynamic assessments conducted by Deltares for offshore wemtin developments in Dutch waters (e.g. Deltares,
2015,2016 and 201ho advocate for a 6data | edd assessment. Though no specifi
the seabed at offshore windarm sites, useful guidance for the use of numerical modelling techniques exists (e.g. Lambliln, 2009 and Pyeet

al., 2017) and this has also been considered.
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Figure2. Schematic showing the spatial and temporal scalssociated with morphobical reponse of the seabedmagereproduced

from Whitehouse (1997

2.1 Report Structure

Thisinterpretativereport, which supersedes all previous reportprovides a description of the following relating to
the development site including
1 The definitions of the various temporal and spatial scales considered as part of this assessmeRey project
considerations
1 Areview of the relevant literature and asssment of the data and information gaps which exist
1 A synthesis of the regional and local setting, including
0 The general nature and form of the seabed
o The distribution of water depths (bathymetry)

0 The nature of the prevailing tidal flow and wave regas
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0 The sediment cover and a conceptual understanding of the associated local sediment regime

0 An assessment of seabed mobility within the development site
A data led assessment including:

0 Detailedbedform analysis

o Assessment of historic trends anabserved bed level change
Application of numerical modelling taleterminethe range of potential seabed level variability likely to occur
across the development siteyver the lifetime of the development
Consideration of confidence limits associated witle predictions and,
To support consideration of the potential seabed level variability through tinaepreliminary assessment of
scour potentialaround foundations, and global scour effect the siteassociated with botifoundations and

existing wrecksis described.
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3 Data Availability

The ability to deliver a detailed understanding of these processes with a high confidence level is closely linked

to the availability ofgood quality primary evidencefor example:

1 Repeated highresoluiion multibeam surveys of strategic areas of the sandbank,
1 Long-term wave and tidal measurementand,

1 Geophysical and geotechnical surveys to identify depths and types of mobile sediment.

To date, awide variety of data sources have beallatedto inform this assessment. Sitgpecific geophysical,
geotechnicaland metoceandatasetsavailablefor regionaland local scaleshavebeenused,and these have been
supported through inclusion of regional and sitepecific data and information garnered frorpublicly available
data sources and data archive centres. Further information was also provided by SSE;ittedsdeddata from
previousbathymetric surveysof the site and variousgeotechnical/ geophysicaland environmental data and

reports.

All data and information were critically assessedn regard to their utility / quality to the assessmenbf site
morphodynamicsbased on their issuedates, their origin and the data resolution. For example,a measured
datasetis considered superior to arequivalent modelled one; a higiresolution dataset superior to a low
resolution one; an upto-date dataset superior to an oubf-date one, etc AppendixA summariseshe datasets
utilised,and the various technical reports and journal articles consult&die to their significance to the study of
site morphodynamicsthe quality, spatial and temporal coverage, and overall utility to the stutlye historic
MBESdatasetsand metocean measurement campaig@are described in detailin Section3.1and Section 3.2

Outstanding datasets aralsodiscussed in SectioB.3.

3.1 HistoricBathymetricData

An extensivesuite of bathymetric data exists ofarying resolutionguality, andcoverage
Table22in Appendix A andFigure3 summariseshe bathymetry datasets available to the assessmeétigh resolution

swath bathymetry data were collected during a survey of the lease area (including the consented export cable routes)
conducted in 2019 (Alpha Marine, 2019). The 2019 bathymeétryhe primary (most up to date and of greatest
resolution) bathymetric dataset, and thus has been implemented within the model for the purposesgatifiation of

the hydrodynamicand wave models.Comparisons between datasets are performed cantsly due to differences
between the quality,coverage,resolution and vertical datumof historic datasetysee quality review of 2000 data
[Cooper Marine Advisors, 2030 In addition, due to the high rate of seabed mobility of certain bedform features
acrossthe bank system composite bathymetriederived from survey operationsvhich spanperiods of weeks to

months (and whichmay have beerdelayed due toadversesea conditionsfo not represent aninstantaneousview of
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the seabed butare likely to comprise various system stateéd\n appreciation of these issues is required when

interpreting apparentchanges with comparable data of this type

50



CONFIDENTIAL

5868000.000

5862000.000

5850000.000

5844000.000

300000.000

300000.000

306000.000

5868000.000

5862000.000

g
2

5850000.000

5844000.000

306000.000

=>

=

Legend

Arklow Phase 2 windfarm Lease Area:

The following three bathymetry datasets
cover this area

1. The 2000 UKHO survey (100*100),

2. The 2016 Arklow Bathymetry (2*2),

3. The 2019 GDG Bathymetry (0.25 * 0.25).
Arklow Phase 2 Cable Routes:

The cable route options were surveyed once
in 2019 as part of the 2019 GDG surveys.
Arklow Phase 1 windfarm LA and CR:

A total of 8 datasets are available that
cover the phase 1 bank, these surveys
were carried out between 2005 and

2016.

Arklow Phase 1 Turbines:

A total of 12 datasets are availabe that
cover the phase 1 turbines only, the
surveys availabe were carried out between
2004 and 2016.

Merged INFOMAR surveys covering regions
coincident with the proposed export cable
routes (these were later merged with
surveys of Arklow Bank performed in 2016).
Investigation areas 1,2,3, 4, and 5:

These areas were surveyed between July
2020 and August 2020 to support the
Arklow Morphodynamic study, following is
a breakdown of the number of surveys
carried out at each IA:

1. IAL:

A total of 3 primary surveys were

carried out along with 2 secondary
surveys, and 6 surveys along the transect.
2. 1A2:

A total of 3 primary surveys were

carried out along with three secondary
surveys, and 10 surveys along the transect.
3. IA3:

A total of 3 primary surveys were

carried out along with 1 secodary survey,
and 5 surveys along the transect.

4. IA4:

A total of 3 primary surveys were carried
out along with one secodary survey,

and three surveys along the transect.
5.IAS:

A total of 11 surveys were carried out
along the transect.

The available bathymetry datasets

Projection and Datum:
WGS 84/ UTM30N: EPSG 32630

0 4 8 km
| I
I; -\_I_EL;I}“-\ C
Drawn by | MG
Checked by| JP
Date 03.08.2021
Proiect no. | P1984

Figure3. The spatial layout o&vailablehistoricbathymetry data.
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3.2 Metocean MeasuremenCampaign

A 12month metocean measurement campaigwas conductedat the ABWPLease Areavariously between November
2019 and March 202(@Fugro, 203). In total, five seabed framegonfigured with various instrumentatioto measure

currents, waves anduspended particulate material wer e depl oyed at | ocati?ons deno

The frame locations are described in detail ihable 1 along with the purpose of the deploymentFurther detail
regarding the configuration of the seabed frames is presentedTiable2 (note; instrument setup, sampling frequency
and data return statistics for the measurement campaign are presented in Fugro,lp0OPhe frame locations were
micro-sited so as to optimise theitocations to provide suitable data for local model validatiomnd to improve
understanding of the hydrdsedimentary regime at the local scale (e.g. to investigate the postulated fladib

dominance on either side of Arklow Bank and investigat@ve attenuation as waves transit across/along the bank).

These data informed the data led analysis (i.e. the assessment of the driving processes of sediment transport and
relative sediment mobility) and were utilised to calibréelidate the driving nodels of sediment transport (i.e. the
hydrodynamic and wave modeldescribed in Sectiod and Appendix G). The performance of these models during

validation is described in detaly MetOceanWorks Ltd (2021).

2 Atthe interimsixmont h service visit, the frames deployed at | ocation 6Bd& an

reedepl oyed at | ocationditdedetmi faditotheéedbresosvmoy operations.
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Site Description

Frame Location

The frame was positioned at the northern end of Arklow Bank in a mean water depth of circa 28 m. Based on the |3
bathymetry, the frame appears to be deployed on a gentle sloping seabed, with water deptitcseasing to the north/north
north-east of the frame location. Water depths shallow over the bank immediately to the scstlithwestof the frame Several
large sandwaveare positioned just to the wesouthwestwhich appear to continue to migrate northards from the shallower
regions of the bank. Prior to deployment the frame location was moved slightly to the east to provide an unimpeded (or
impeded) ebb / flood signato support validationof the hydrodynamic and wave modeldhe primary purposes for deploying

the frame at this location was to assess the attenuation of wave energy across the frank south to north.

6BO The f r ame d sampndesifolbowing buriakaf theinitial deployment Inspection of the bathymetry indicates that thg
i framewaspositionedon the northwestflank of the bankat a location characterised by anvaerage water depth of circa 27 m

The latestbathymetry (acquired in 2019)ndicates the frameavas deployed on a slopig seabed, with water depthshallowing

to the east anddeepeningto the west. Megaripple, characterised by avave heightof circa 0.1 mare evident in closgroximity

(circa 100 m) to the east of the frame deployment locatidrhe primarypurposes for deploying the frame at this location wa:

to assessaasymmetry intidal flows either side ofthebane nd t o compare these data to.

‘«!l
/

Bathymetry 2019 (mLAT)
. -29.7800

-27.2450
. -24.7100

Frames Locstion
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Frame Location

6Co

Site Description

Inspection of the local bathymetry shows the frame is positioned along the proposed export cable route inshore of Ar
Bank and Seven Fathom Bank, on a relatively flat plain between Seven Fathom Bank and the coast. At the frame loc
mean waer depth of circa 26 m was observed. At this location, the seabed appears to be broadly devoid of lagge
bedforms Theprimary purpose for deploying the frame at this location was to investigate processes occurbietyveen the

lease area and thenearshore, along the proposed export cable route(s).

Ll

Bathymetry| 2019 (mLAT)
B -30.6300

20,1550
B -27.6600

Fradies Location

The fr ame 6 samendeslfollowing uriahodteemeasurement frame initially deployednspection of the bathymetry
indicates that the framewvaslocated towards the northeasbf the bank. The framevaspositioned in an area of the seabec
characterised byaverage water deptls of circa 28 m. Water depths increasgradually b the North of the frame. Asmall
depressionis observedimmediately south of the frame location. West of the frame (towards the crest of the bank), w.
depths shallow gradually. No bedform features were observiedthe immediatevicinity of the frame's locationThe primary
purposesfor deploying the frame at this location was to assessymmetry in tidal flows either side of the bad to compare

these data to those collected at frame | ocation 06Bd&
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Site Description

Inspection of the local bathymetry shows the framas positioned at the southern end of Arklow Bank in a mean water def
of circa 38 m. Water depths shallow over the bank immediately to the northeast. The local bathymetry reveals a sign
sandwave field, particularly to the southwest of the bank. Prio deployment the frame location was moved slightly to th
west to provide an unimpeded (or less impeded) ebb / flood signal for model validatidie purpose for deploying the frame

at this location was to measure waves approaching the tanom the southerly directions
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Table2. The parameters measured at eattedrame location.

Frame Location

Latitude

(WGS 84)

Longitude

(WGS 84)

Instruments Deployed

Parameters Measured

Start Date

Valeport Fast CTD

NISKIN bottle

Current Profiles

Seabed Water Temperature

0AD 52°54.577 005A 54 .| Nortek AWAC 600 kHz Current profiles 06/11/2019 18/05/2020
Aqualogger 210 TYT Water level 01/08/2020 16/10/2020
Starmon Mini Waves 05/01/2020 07/03/2021
SeaGuard SW/ Seabird SBE-SM Seabed water temperature
Valeport Fast CTD Turbidity (ABS)
NISKIN bottle Seabed water temperature
Turbidity (OBS)
Surface water temperature
Seabed water temperature
Conductivity
Salinity
Density
Turbidity
Suspended Particulate Matter
6B6 52A 51. 005A 56 . | Nortek AWAC 60kHz Waves 02/08/2020 15/10/2020
Aqualogger 210 TYT Water Level 07/11/2020 07/03/2021
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Latitude Longitude Instruments Deployed Parameters Measured Start Date

(WGS 84) (WGS 84)

Turbidity (ABS)

Seabed Water Temperature
Turbidity (OBS)
Conductivity

Depth

Temperature

Conductivity

Salinity

Density

Turbidity

Suspended Particulate Matter

6Cbo 52A 49.| 006A 01.]| Nortek AWAC 600 kHz Waves 24/11/2019 19/05/2020
Agqualogger 210 TYT Water Level
Starmon Mini Current Profiles
Valeport Fast CTD Seabed WateiTemperature
NISKIN bottle Turbidity (ABS)

Seabed Water Temperature
Turbidity (OBS)
Surface Water Temperature

Conductivity
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Latitude Longitude Instruments Deployed Parameters Measured Start Date

(WGS 84) (WGS 84)

Depth
Temperature
Conductivity
Salinity
Density
Turbidity

Suspended Particulate Matter

6Dbd 52A 51. 005A 55. | Nortek AWAC 600 kHz Waves 01/08/2020 16/10/2020
Aqualogger 210 TYT Water Level 07/11/2020" 07/03/2021"
Valeport Fast CTD Current Profiles
NISKIN bottle Seabed Water Temperature
Turbidity (ABS)

Seabed Water Temperature
Turbidity (OBS)
Conductivity

Depth

Temperature

Conductivity

Salinity

Density
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Latitude Longitude Instruments Deployed Parameters Measured Start Date

(WGS 84) (WGS 84)

Turbidity

Suspended Particulate Matter

0 ES 52A 41. 005A 59.| Nortek AWAC 600 kHz Waves "24/11/2019 "19/05/2020
Aqualogger 210 TYT Water Level 02/08/2020 15/10/2020
Starmon Mini Current Profiles 22/11/2020" 08/03/2021"
SeaGuard SW/ Seabird SBE-SM Seabed Water Temperature
Valeport Fast CTD Turbidity (ABS)
NISKIN bottle Seabed Water Temperature
Turbidity (OBS)

Surface Water Temperature
Seabed Water Temperature
Conductivity

Depth

Temperature

Conductivity

Salinity

Density

Turbidity

Suspended Particulate Matter
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3.3 Outstanding Data

The presentstudy will inform several aspects of the project (e.g. scheme layout and foundation desigrrisiéng
operations and maintenance activities, cable routing etc.). Our ability to inform each aspect of the study, with a high

confidence level, is closely ked to the availability of primary evidence

At the time of publication data from the Ground InvestigatiofGIl) campaign remain outstanding. As suochly limited
site-specificgeotechnical survey data, and unverifieidterpretation of geophysicaldata is availableto assist in the
identification of depths andphysical characteristicsf mobile sediment The groundtruthed, estimated, thickness of
the sand mobile (erodible) layer(i.e. the sand depositacross the lease area and along the proposed expadble
routesis required to verify predictions of future seabed levefzarticle size data for all surficial (< 1 m below the seabed)
sediment samples collected from seabed grab samples, vibracore or borehole locatarescritical input data for the

sediment transport model

At thisstage,the presently available data ideemed sufficient to progresghe morphodynamic assessment.o do this
informed assessmentgrounded in the available data and relying on professional judgemeate applied to obviate
for existingdata gaps. We tacitly acknowledgedhat the data acquired from theongoing/programmed site specific
survey work wilfurther strengthen ourunderstanding of (and thus our ability to predict) morphodynamic processes
occuring on the bank The outstanding groundtruthed geophysical interpretatiorand the geotechnicadata will be

reviewed and implemented within the study at which time they become availatoghe commission.
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4 Modelling Tools and Applications

Obtaining a detailed spatietemporal understanding of seabed level change relies upon the consideration shage

of information as well as a combination of suitable methods of analysis. Numerical modelling is a useful tool to aid and
extend our understading, particularly for forecasting change (e.g. Zanuttigh, 2007; and Brown and Davies, 2009). The
analysis and interpretation of outputs from model simulations enables the quantification of the geomorphological
response (i.e. the bed level change) of theugly area to key process drivers (e.g. tides, storms) throughout the project
lifetime (28 years after installation). The focus of the modelling exercise was to, as best as possible, predict (and
guantify) how the profile and form of the seabed (i.e. the &leed level) is likely to behave and evolve through time,

and across space. Seabed behaviour is the resultnudiny processes and mechanisms which act and interact on a
variety of space and time scales. Coastal area morphodynamic models are used to prduict-serm (days to months)
bathymetric changes to address specific engineering challenges (Nicholson, et al 1997). Typically, schemes focus on
two-dimensional, depthaveraged approaches (e.g. Wang et al., 1992; Sato et al., 1995; Price et al., 1995y rukide

a strong basis for performing detailed simulations of morphological evolution (i.e. seabed level change) and have been
proven to provide good results during application over shorter time scales (e.g. Broker et al. 2007, Dronen and
Deigaard, 2007)Approaches typically rely on standard models focused on the constituent physical processes (waves,
currents, sediment transport), which rely on a feedback loop where the updated bed topography is applied into the
hydrodynamic and sediment transport compations. One of the key considerations in usefully using such models for
predictive purposes is that good quality datasets are available within any analysis; these tools should not generally be
used, and perform poorly, when used with disparate or sparsetasets. This study has a suitable volume of quality,

relevant data for use in the following modelling exercise.

To support the assessment a coupled hydrodynamic / wave / sediment transport model was developed. The coupled
model is referred to as the Arkly Bank Modelling Suite (ABMS) and is presented in the form of a schematic diagram
in Figure4. The setupand validation of the hydrodynami@and wave models is described iAppendix Gand in greater
detail in MetOceanWorks Ltd (2021)The setup,concept testingand validation of the sediment transport modebk
described indetail in Section 9 andAppendix G. An assessmnt of the performance of the sediment transpontnodel

in representingthe key driving processes of sediment transpatross thedevelopment siteis detailed inSection9.3.

A discussion of the confidence limits which should be considered with the predictions of future seabed lévels
presented in Section9.6. Finaly, in addition to scenarios targeted at the morphological response of the bank,
simulationswere run using the MIKE1 Particle Tracking (PT) module to assess the Lagrangian transport pathways on

and around the bank (e.g. interactions with the coast, etc.) via particle releases at strategic positions within the model

3 The hydrodynamicand wave models (termed thelriving model$ are the same base modeas thatwhich has beerapplied to develop metocean

design criteriastatistics.
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domain. Particlesvere ascribedthe characteristics blocal sedimentsto the release locationsand the releasesvere
simulated in conjunction withdifferent tidal phases including periods of greatest cross bank flowkich have been
identified by the metocean climate assessment and sediment transport mitidg as being key drivers of bank change.
These simulations aim to improve our understanding of the potential interaction between Arklow Bank and the
coastline and provide an improved appreciation of the sediment transport pathways occurring within thea asf

interest.
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5 Project Considerations

Working individually, or in combination, several processes have the potential to influemetesediment transport(i.e.

cause seabed levels toaise or lower through time) within the lease areaand along the export cable routesduring

the lifetime of thewind farm. Ths includes a combination of periodic and episodic processes

il

f
il
f

Asymmetry in local tidal flows (and local effects on flows or water levels) which drives net sediment transport.
Influence of waves, and high energy, storm events.
Influence of negative and positive surge events (iseirge induced flows).

The influence on flows of local bathymetric features and seabed infrastructure.

Factorswhich may influence these processes include:

Sediment TypeThe horizontal, and vertical, variability of sediment types and composition across the lease
area, export cable route and wider region of interest which controls the rate(s) of sediment mobility and
erosion/scour.

Seabed Infrastructurd.ocal, and glob4 effects on the sediment regime during, and post, construction of
seabed infrastructurge.g. the installation of a monopile, or an array of monopiles)

Climate Change Hfects:quantifying the potential effects of theredictedrise in sea level over théfetime of

the development on the hydrodynamic, metocean and sediment regimes (local and regional) and judging

their impact in terms ofthe response of thebank

Such processes can drive the following morphological response at the seabed.

1 Episodicperiodic,or progressivechanges to seabed levelshanges through time and across space, due to

local erosional/depositional regimes driven by tidal flows, water level, waves, and storms,

The migration and evolution of morphological featurese(isandwaves and megarippleshe transient
influence of the migration of mobile features on seabed levels.

The evolution of the shape and relative position of the batgmporal, or episodic, changes to the relative
position of the bank through time ad changes to the crosssectional shape and profile of the bank along its
length.

Local scour processeguantifying the potential impact on local seabed levels due to tpeesenceof WTG

foundations Note: analysis presented in this document does not cader scour protection

Section5.1to Section5.5 detail the key project onsiderations.

4 Net transport can either be a result of temporal asymmetry (i.e. flows go in one direction for a greater period of time duhe flood / ebb

phase)and / or asymmetry in the amplitude of the prevailing flow (i.e. flow velocity is greater in one directioring the flood / ebb phase); these

imbalances in the flow regime control net transport.
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5.1 Defining SpatialTemporal Scales

This project presents information across a broad range of spatial and temporal scales-&eéhed spatial and
temporal scalesare important to establishhow the formation and evolutionof Arklow Bankis linked with larger
scale influences and processesfrom the far-field (e.g. tidal and wave processesand sediment sources)

(Whitehouse, 1997). The relevant spatial and temporal scales for this project are definied@ss:

Spatial Scales:

1 Local scalemorphological featuredncluding bedformsexistingwithin the lease area and along the proposed
export cable routes.

1 Mesoscale sandbank featuresnd coastline The mesescale, which is associated with tl@&SMat the local
scal e, is defined as that o6from the north of ArkIl ow
N6 and extending to 52.550 NOGO; this includes the &
main sediment pathway$om the north of the bank;and,

1 Regional scalelrish Sea, establishes exposure conditions for the site and wider linkages between macro
bedforms (e.g. sediment pathwayspurcesand stores)yThe r egi onal scale is defi ne
and Wabsand 5200N@nd 53.50 N&. This definition encompasses
Zone (BPZ) to the north of Arklow Bank, which is relevant to the assessment of sediment supply to the bank

and the assessment of regional sediment transporthways

Temporal Scales:

1 Shortterm processesbedform and sandbank response to individual tidal cycles and individ(ldlgh energy)
events;

1 Medium-term processes: assess variations in the bank profile over months to years in response to the periodic
lunar tidal cycles and episodic seasonal wave variations;;and

1 Longterm processes: longerm changes in the bank geometry and position over years and decades

(compatible withthe lifetime of the developmen) including forclimate change influences

Figure5 showson a map of the Irish Seahe exients of theregionaland mesoscales, aslefined above
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5.2 Determination of the Nearshore Boundary

This assessment provides quantitative predictions for seabed levahge for the export cable route from the lease

area to the nearshore. The study does not provide an assessment of the cable landfall and thus will not consider
sediment transport regimes inshore of the estimated depth of closure. For this purpose, the ldegtclosure for a

given or characteristic time interval is defined @&t he most | andward depth seaward
change in bottom elevation and no significant net sedi
1983). Furthermore, activities performed as part of the construction, operation and decommissioning of the proposed
development have the potential to bring about changes to the local, and faeld, hydrodynamic, metocean and
sedimentary regimes. This repodoes not consider such effects. Predictions of futuseabed levelsalong the export

cable route do not consider effects associated with wifadm infrastructure being present, as part of this development,

or at other locations in the regionFigure6 shows theestimateddepth of closure, following the equations dflallermeir

(198) and Hallermeir(1983. The depth of closure igstimated as leing between the 5.5 m and 7.0 m contourThe

outer closure depth of 7.0 m defines the nearshoreohndary. See Appendix8 for further detail.
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5.3 Coordinate Reference System

The data available to the study displayed various geodetic horizontal and vertical datum. Adisids were standardised
to a single coordinate reference system being WGS 84 / UTM z@®EN. Though somedatais presentedn the report

using the vertical datum of MSL, for grimary study outputs the vertical datum of LAT was applied.

5.4 Wind Farminfrastructure

The impact of constructing a windarm, regardless of layout or foundation design, wliikelyhave a negligible impact
upon bankscalemorphology. However, the construction of WTG structures on the bank will display a local impact on
the tidal flows and local sediment regime which fgpicallymanifested local to the structure as scoureferred to as
local scour The potential also exists for cumulative flow disturbances (which is a complex function of flow vortices,
localised turbulence,léw acceleration and deacceleration around structures) having a cumulative eff¢ict.wake to
wake interaction)on certain areas of the bank. This is entirely dependent on schefagout, but a preliminary
assessmenand discussiorof scour potential andcumulative flowdisturbances is presented iAppendix Hto inform

future decision making

Predictions of future seabed levels do not consider effects associated with vi@mah infrastructure being present, as

part of this development, or at othesites in the region

Thekey project dates considered as part of this assessmemte as follows:
91 Design lifed currently assuming 28 years for WTGs (also to consider 40 years for OSPs and export cables)
WTG foundation installation date (Q1 2025/ Q1 2026)
OSP foundation installation date (Q2 2025/ Q3 2025)
Array cables installation date (Q4 2025/ Q3 2026)

=A =/ =4 =

Offshore export cables installation date (Q1 2026/ Q2 2026)

5.5 Climate Change Effects

Estimated future seabed levelsssume the metocean, hydrodynamic aneédimentary regimes within the Irish Sea will
broadly remainsimilarthrough the lifetime of the windfarm. Climate change issuewarrant consideration The goal

here isto understand, assess, and if required, account,feuch effectson the prevailing regmes

Due to impacts upon the prevailing hydrodynamic and metocearonditions (i.e. the drivers of sediment transport),
changes toobserved waterevek have the potential tomodify local and regional sediment regime£limate change

gives rise toglobal effects which are anticipated to be manifested at regional scales by rising mean sea levels. The
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effectsof a changing climate and the relative significance of such effects) the sediment regime in the Irish Sea, and

at the development site, ardlifficult to predict with accuracy. However, within the literature there is general agreement
that water levels will rise during the lifetime of the developméntThis change is widely aepted to include
contributions from global eustatic (water volume) changes in mean sea level and regionally varying vertical (isostatic)

adjustments of the land / seabed.

Information on the rate and magnitude of anticipated relative sea level change dgrthe 21st Century is available

from the United Kingdom Climate Projections (UKCP18, 2018) whose models include the Irish Sea and coastline. It is
predicted that the Wicklow coast will be impacted in a similar manner to the north coast of Wales for wdpiemtitative
projection data can been obtained. The projected sdavel changes are associated with three different forcing
scenarios, being RCP 2.6, 4.5 and 8.5 which are presentdeignire7. Current estimates are that over the next century

the Irish Sea (Wicklow coast) will experience a rise in sea level of betweén(051m (Table3). Sea levels are predicted

to rise at a greater rate during the second half of this century. Though it is recognised that current estimates extend
beyond the lease period, it is reasonable,dbgh conservative, to utilise the central estimate of the medium emissions

scenario as part of targeted model simulations designed to assess climate change effects on bank morphology.

5 A significant body of work exists regarding the postulated increase in storminess due to climate change effects (e.g. Beniatp2007; Feseet
al. 2015)The impact of storminess can be considered as the result of several interlinked factors being storm intensity, storm frgcqarehstorm
track. Changes in any, or all, of these parameters may have implications for sediment transport (and thus morpholadjiesiment at the seabed)
within the region. At present, within the scientific community it is widely agreed that contradictory evidence exists ragaldi potential for climate

change effects to increase relative storminess. Due to this climate chaféects implanted within the model will only include for sea level rise.
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Figure7. The three emissioscenarios presented in the form of a time series of timean sea level change. Plot reproduced from

UKCP 18 (2018).
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Table3. The predicted rise in water | ev el Ndteothe canthalestindate ofthé medibnme d i
emission scenario is to be utilised as part of the model simulations.

Scenario 50 501 95th

RCP2.6 0.14 0.23 0.35

RCP4.5 0.17 0.26 0.39

RCP8.5 0.21 0.32 0.46
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6 Geology and the Origin of the Sand Banks on the Eastern Irish
Seaboard

The geological history of the Irish Sea dates to peambrian times, however, for present purposes it can most usefully

be traced from the Devonian, Carboniferous and Permian periods in the late Pataéc. The details of the formation

of the Irish Sea basin through geological times is beyond the scope of this commission, howeveaeter is referred

to Ziegler (1982)who reconstructsthe palaeogeographyof the Irish Seathroughout these periods. Further aspects

of the geological background are found in Belderson (1964); Cathie Associates Ltd (2018); Holmes and Tappin (2005)
and Mellettet al (2015). The Irish Sea basin is thought to contain rocks from several geological systergmgdrom
Precambrian schists and gneisses to Cretaceous chalk and Palaeogene basalts. These rock formations exist, or sub
crop, beneath a locally thick cover of Quaternary (<2.6 million years old) sediments. The properties of Quaternary
sediment are high} variable laterally, and with depth, due to repeated fluctuations of ice sheet margins during the

last glacial period.

Arklow Bank is a narrow linear sandbafdrmed across a glacial morainéClarket al, 2012) The bank issituated in

the Irish Sea to the east of Arklow, County Wicklatrklow Bank does not exist in isolation but rather forms part of

a series of coasparallel, northsouth trending, offshore banks. These banks are generally about 10 km offshore,
typically sand in 20 to 40 m of water and rise to within a few metres of the water surface. The banks form a punctuated
line along the eastern Irish coast, and from north to souithclude Bennet, Kish, Frazer, Bray, Codling, India, Arklow,
Glassgorman, RuskBlackwagr/Moneyweights, Lucifer, Long and Holdens banks (in which Bennet, Kish, Arklow,
Blackwater/Moneyweights banks are considered to be similar in terms of their characteristics to Arklow). Bidrk

location of the various banks along the eastern Irish coast a@etailed inFigure8.
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Figure8. Locationof the varioussandanks which form the local bathymetrglong the easternseaboardof IrelandL (Source:

INFOMARBathymetry).

The location of sandbanks on continental shelves depends on the presence of tidal (or other) currents capable of
moving sand, and the availabilityor supply, of sand. Dyer and Huntley (2001) state that most sandbanks on the
European continental shelf (and elsewhere) appear to have been created during the -plestial rise in sedevel;

they are features resulting from glacial action and retreat.

Seismic prafe and seismestratigraphic analysis of the Kish, Burford, Bray and Fraser banks to the north of Arklow
reveal a typically homogeneous wupper unit devoid of
are comprised of sand/gravel andra not founded on a glacial morainic core (i.e. they do not have a geological
genesis) (Wheeleet al., 2001). Thee banks are of Holocene age, and the source of the bank material is from erosion
and re-working of local fluvieglacial and glacial depositduring the marine transgressiomuring the last ice retreat.
Wheeleret al (2001) estimates stranding of the banks by rising degels around 500 BP (Before Present) and
bathymetric comparisons published by Wheelet al (2001) suggest that these bankse quasistable over time,
broadly maintaining their position due to the interactionf the prevailing regimesin contrast, Fahet al (2002), Keary

(cited in Wheeleret al (2001)) and Warren and Keary (1989) indicate that both Arklow Bank and Codling Bee
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stable formations which consist of glacial outwash sand and gravel moraine sediments deposited during the last ice

age, an inference also supported by Cathie Associates {2818)In the vicinity of Arklow, this is likely a result of the

developmert of Wicklow Trough which creates focusetidal flows sediment transport from the north. Such

formations have been described elsewhere on the European continental shelf; for example, Smith, (1988) has

suggested that the Sandettie and South Falls banks wkrened with their southern ends attached to a gravel ridge

in the Dover Straits.

Appendix D detailsthe key stages of geological developmenbn the eastern Irish Seaboarétom the Pleistocene

through to the Holocene as presented by Cooper Marine Advisors Ltd (2020he main points of the assessment

can be summariseds follows:

1

Theorigin of Arklow Bankoccurred during a period ofmarine transgressionvhichwasdriven by a rapid rate

of sea level rise through the a&ly part of the Holocene, creating a recessional coastline and high levels of
sediment supply from newly inundated areas of land.

The change in orientation of thgformer) coastline to the north against a flat coastal plain created a tidal
circulation whech helped spawn asuccessiorof headland associated recessional sandbanks (Type 3(B)) on a
seabed formed of glacial moraine.

As sea levels continued to rise, the coastline further receded and the combination of coastal presdisen
favoured new banks foming further to the west and in shallower water, leaving former banks to the east in
deeper water with a muchreduced sediment supplyThese easterly banks eventually became moribund due
to loss of sediment supply and weaker neded flows.

By around 8,500 BP sea level rise opened Wicklow Trough to tidal exchange, providing the conditions to form
a new bank at the southern confluence of this feature. By 7,500 BP the coastal plain became submerged
altering the local flow regime leaving a heaaihd to influence the formation of Arklow Bank as a Type 3(B)
sandbank.

By 6,000 BP sea levels submerged the coastal plain to such an extent that the former headland was submerged
and that flows became more rectilinear. At this time, Arki®ank developedasa Type 1: Open shelf linear
sandbank. The association of the northern end of the bank with Wicklow Trough supported bank development
by offering enhancedd ¢ h a n rekeblflend éandthus additional sediment supply from the coastal plain to
the north (a lacation which is now associated with a bedload parting area).

The slowing of sea level rise from this time against a generally steeper coastline redtieesediment supply
(and thus concluded theperiod of marine transgressionyhich then slowed down futier bank development

to form a presentday equilibrium condition.

The future longterm development of Arklow Bank remains linked to changes in mean sea level (and associated effects

on tidal propagation), coastal recession, sediment supply and flow interactions with Wicklow Trdughpostulated,

that over the next milennium, sea level rise may begin to move the bank into a moribund state, local sediments may
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be eroded (i.ethe sediment budget will move into deficit) and transported away from the bank resulting in a reduction

in the bank profile

6.1 Modern Day SettingHistoric Chart Analysis

In the modern era,Admiralty Chart No. 1787 (United Kingdom Hydrographic Office [UKH@]vers the area from
Wicklow Head to Kilmichael Point, and thus includes for Arklow Baftk assessment of thelO nmLAT, and -20
mLAT contours derived from the 1978 version (surveyed in 1914) and 2018 version (surveyed in 2000) of the
Admiralty Chart and the bathymetric data collected in 2000, and 2019, has been conducted to assess the relative
position, form, and profile of the bank over the last centupue to the uncertainty associated with the development
of historic charts, analyses atesated with caution and no assessment of morphological trends is offefedhese
dataindicate
1 The position of the bank, relative to the coastline, has largely remained the same over the period between
surveys (86 yearsfComparison of contours derived from the historic bathymetry chart indicate that parts
of the bank appeared to have moved to theastand westand the northern and southern tails of the bank
have extended through time to the north and souttrespectively

1 Through time, Seven Fathom Barkppears to haveexpanded in size and become elongated to the north.

Figure9 and

6 Only low to medium confidence is placed on this analysis due to the age and resolution ofc¢hart data, scale of reproduction and the method

of contouring applied to the data.
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FigurelOpresents the-10 mLATand & 20 mLATcontour derived from the 1978 (suryed in 1914) and 2018 (surveyed

in 2000) editions of the locahdmiralty Chart; the MBES data collected in 26 and 2019, is also included for reference.
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Figure9. The-10 m contour analysis from the 1978 and 2@d#tion of Chart no 1787 and the MBES data acquired ih62thd 2019.
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Figure1Q The-20 m contour analysis from the 1978 and 2018 edition of Chart no 1787 and the MBES data acquirdd an@0

2019.

6.2 Classification of Arklow Bank

As described in Sectio®, the contemporary form of Arklow Bank has been classified as a Type 1: Open Shelf Linear
Sandbank based on thelassification described by Dyer and Huntl€¥999) however, the bank is believed to have
formedasa Ty pe 3 ( B) wieh a foomerheadtardrrdcdiled.For reference the various bank types, as

classified by Kenyon and Cooper (2005), greesented inFigurel1l

Type 1 sandbanks are maintained by the convergence edisnent towards the crest from opposite sides of the bank;
on Arklow Bank sediment is also transported across the bafnke rotary residual sediment transport typically observed
on an open shelf linear sandbank is driven by two vorticity forces that insedoward the bank crest due to the
increase of bottom friction in shallower water over the crest. Due to the orientation of the bank relative to the axis of
the peak tidal flow, the Coriolis effect enhances the frictidniven circulation (Hulscheet al., 1993; Reynaud and

Dalrymple, 2012; Roos and Hulscher, 2002).
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Figure 11 Classification of tidal and netidal sandbanks. Image reproduced from Kenyon and Coof2805)and including the

classification obyer andHuntley, (299).
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7 Regimes at the Regional Scale

Our understanding of the hydrésedimentary processes at the regional scale has been developed first following a
review of the available literature and data. The region of interdéalis within the Irish Sea, a sergnclosed body of

water bounded by Ireland, southern Scotland, nortivest England and Wales. The sea has restricted outlets to the
Atl antic Ocean through the North Channel t o ThelioBowingor t h,

describes the frdrodynamic, wave and sediment regimes at the regional scale.

7.1 HydrodynamicRegime

The oceanic tidal wave propagates into the Irish Sea basin from the Atlantic Ocean through both the North Channel
and the St. Georgeds Ch a nsedbyastaidmgwavej whiahlis afuecton of the grogimity h a r a
of the amphidromic pointand the interaction of the tidal waves propagating into the Irish Sea from the north and the
south’. The tidal regime in the vicinity of Arklow Bank is complex due to tleeation of the amphidromic point at
Courtown to the south of ArklowThe amphidromeduring spring tides isdegenerate, being located inland, but at
neap tides the position moves intthe Irish Sea. This movement is due to proportionally more energy beaigsorbed

from spring than from neap tidegPugh, 1981 he eastern continental seaboard of southeast Ireland is rather unusual
in that it is an area of comparatively fast flows charagsed by a small tidal rangeThe tidal range progressively
increases with distance from the amphidromic point, varying from a mididal range in the south of the region to a
meso-tidal range to the north of the region across the Irish Sea ranges of titlelevation vary from <1l mtoup to 9 m
(Figure 12. The tidal cycle is semdiurnal in the Irish Sea ands dominated by the M2 and S2 tidal constituents
(Pingreeand Griffiths,1978),with a common period of 12.4 hours. Due to theomplexity of the tidal regime the tidal

range exhibits significant variations (e.g. during the spridigeap phase through to thdunarnodal cycle [18.6 years]).

7 A standing wave is classically defined by the timing of peak flows coinciding Wigh and low water rather than mid ebb/floodvhich is defined

asa progressive wave

80



CONFIDENTIAL

55.5

55

54.5

54

53.5

Tidal Range (m)

53

52.5

-6.5 6 -5.5 -5 -4.5 -4 -3.5 -3 -2.5
Figurel2 tidal range during aneanspring tide. The location of Arklow Bank within each plot is marked as a bounded area as a white

line. Source: ABMS.

Flow velocities vary significantly within tlregion, though typically depthaveraged flows exceed 1 fa during the
spring tidal phase (Hwarth, 2005) Peak flow velocities observed range from Om/s to > 15 m/s, which is a function

of the broader tidal regime with local differences in flow velocity observed dueldaal bathymetryvariations(Figure

13.

81



CONFIDENTIAL

— 1.5

0.5

Maximum Depth-Averaged Current Speed (m/s)

b
52
'.

51,5 PO L SN =< h- P S e S | . 0

-6.5 -6 -5.5 -5 -4.5 -4 -3.5 -3 -2.5

Figurel3 maximum depthaveraged current velocitieShe location of Arklow Bank within each plot is marked as a bounded area as

a white line. Source: ABMS

The tidal regime is, on occasiomlso affected by surge$. Thelargest positive surges occur in the eastern Irish Sea,

with maximum 50year return period surge levels, predicted to be < 2 m for the Lancashire aBidmbrian coasts

and up to 1.25 m on the I rish coast andesptethednersasetime St
water level from positive surges, surge currents in the Irish Sea are typically weak, predicted to increase (or on some
occasions decrease) flow velocity away from the coast by up to 0.4 m/s (Flather, 1987). The complicatdihean
interactions between surge and tide mayotentiallyyield asignificant impact on thdocal sediment transport regime

via an increase in local flow velocities anduring negative surgesan increasedtransmission of wave energy to

shallow areas ofeabel.

8 Surges are generated by storms, both locally through the action of wind stress on the sea surface and on the scale of thesdiem, through

the action ofatmospheric pressure (high pressure depresses the sea surface and low pressure raises it)
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Figurel4 50-year return period storm surge elevations in cfig(re reproduced fronfrlather 1987)

83



PARTRAC T—

E0"N

55°N

5°W 10°W 10°E

Figurels 50-year return period storm surge currents in m/fggiure reproduced fronf-lather, 1987).

7.2 Wave Regime

Waves result from the transfer of wind energy to create sea states and the propagation of such energy across the water
surface by wave motion. The amount of wind energy transfer and wiwavedevelopment is a function of the available fetch
distance across which the wind blows; wind speed; wind duration; and the original sea state. The greater the fetch distance,

the greater the potential there is for the wind to interact with the water surfaaed generate wavesSwell waves are a
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series of mechanical (sometimes referred to as surface gravity) waves generated by distant weather systems that
propagate thousands of miles across oceans and seas. Wind waves are generated by local winds and thus are
characterised by lower wave periods. Since wind generated waves originate from meteorological forcing the wave
regime is highly episodic and exhibits strong seasonal variabilitye Irish Sea ia semienclosed body of water, swell
propagation is limitedand thus,locally generatedwind waves dominateThe magnitude of locally generated wind and

swell waves depends on the duration and fetch of the win&/ave energy propagation into the Irish Sea from Atlantic

Storms isgenerallycurtailed by headlands such as Carnsnore Point which acts to shelter the western side of the Irish
SeaOnl 'y two rel ati v el @existalang the axesdffthe Stcého rwgi enddso wasn d . Asosuch,h  Ch a
bigger, swell wavesi.e. T, > 8 s), which are more powerful drivers of sediment transport at the seabed, are generally
observed near the entrances to the I rish Swuhatheseddanget he s
period waves can propagate as far up the southern Irish Sea basin as the Lleyn Peninsula in North Wales) and to the
northern end of the North Channel (Howarth, 2005As water depths shallowenergy is lost due to bed friction as

waves prgagate up the southern Irish Sea, this equates to peak wave heights of circa 8 m for ayfdéy return period

(Figure19. As thefetchislimited, generally wavesn the Irish Seare locally windgenerated, and of fairly short period

(i.e. Tp < 8 s). Dependent onthe associatedwave height, wavesharacterised withperiods of 8 s possess only a
moderate capacity to influence sediment transgt, which is typically limited to water depths less than 30 m (noting

that depths across Arklow Bank are typically less than 30 m).
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Figurel6 Map of indicative values of 5@ear return period significant wave height (nFigurereproduced from Carte(1993).

7.3 SedimentRegime

Seabed sediment data are available from several projedtxluding HabMap (Robinsoret al, 2008), and the
Southwestrish Sea Survey [SWISS} (Wilsbal., 2001). The surficial sediments of thelirSea have also been mapped
by British Geological Survey [BGEjdurel?, and a seabed mobility index developed bgoughlanet al., (202).
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Figure17 Surficial Sediment Distribution in the Irish Sea at the regional scale. Source: BGS (2019): digital map SBS250. Note for

sediment classificatiothe standard Folktriangle was used,basedon the percentageof graveland the sand:mud ratio.

Across the Irish Sea, the most common sediment type is sandy graigiure17). Pantin and Evans (1984) hypothesised
that these sediments form a gravelly lag deposit which blankets the entire area except in places of exposed (underlying)
relict Quaternary sedi ment or bare rock. Areas of grave
Head, and to thenorth and west of Arklow Bank. These coarse deposits exist due to continuous reworking of the
seabed sediments by tidal flows which acts to winnow away finer sediments. On top of these gravel areas, particularly
on the shallower platforms, irregular pates of nominally mobile gravelly sands, sandy gravels and sands are found.
These are commonly < 0.3 m in thickness except in areas where they have coalesced into more extensive deposits and
formed into bedforms. Finally, a large area of sand containing flon@nsverse sandwaves is observed; from this area
fine material has been winnowed away and transported north into the Western Irish Sea 4ieid which is found

within the depositional environments offshore of Dublin/Dublin Bay where flow velocities areiced. It is noteworthy

that much of the surrounding seabed iglescribed or classifiedas coarse sediment which is considered to be

significantly less erodible than the sandy environment forming Arklow Bank

Tides exert a time varying bed stress on sediments associated with daily tidal and lunar sprivgpp variability.
Within the Irish Sea, tidal flows interact, and on occasionlmlise, unconsolidated seabed sediments which are then

transported as long as the threshold for transportation is maintaine@:.(to > focrit), and it ceases whethe threshold
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for transportation is losti(e. To > tocri). Where a flat seabed pergis comprised of (potentially) mobilsedimentsand
impacted by flows which exceed the threshold of motion, the seabed may deform generating various types of
bedforms, ranging in size from small ripples up to major sandbanks (depending on tt@mposition of the seabed

and supply of mobile sediment). In the Irish Sea many bedf@mre observed (Melleet al, 2015), andgenerally
areasof the seabed not comprised ofjyravel lag depositscan be considered highly dynamic in terms of sediment
transport. The various types of bedforms which exist, their typical migration speeds and the broader seabed
morphology are indicative of complex interactions between tidal flows, seabed sediments aatbad features across

the region (McCarroret al,, 2019, Van Landeghemt al 2009,2012).

It is important to understand sediment transport pathways at the regional scale to characterise the rate and
magnitude of sediment supply to the development sitéhe regional sediment transport regime is broadly controlled

by the area of divergence in the sediment transport pathway atthesoal | ed St Georgeds Channe
of the bank which extends eastwards across the Irish Sea between approximateth dublin on the eastern Irish
Coast and Anglesey in North Wales. Divergent zones are found at several locations around the Britishrishcoast,
where complex tidal interactions give rise to an area of enhanced bed shear stress &gés et al, B95). In terms

of judging regional sediment transport pathways, consideration must be given to the presence of the BPZ. Typically,
BPZ6s are regions of t bahtheiesadimnem and hydralynamicfeatirds butwhithrare u g h
often quite heterogeneous in character. Due to the enhanced shear stress, through time, localised scouring occurs,
and opposing sediment transport directions are observed either side of the scour feature which is a function of both
seabed topography and tidal asymntey (i.e. a flood and ebb dominance exists either side of the feature)
Predominant regional sediment transport pathways and the approximate location of th&® Zabesreported by
several authors (e.g. Holmes and Tappin (2005), Kenyon and Cooper (20@6);L\dndeghemet al. (2012, 2009) and

presented inFigure18
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Figure18 Regional sediment transport directions and bedload parting zones. Tkievi regional scale is indicated by the bounded

area coloured magenta. The BRZ adapted from Holmes and Tappin, (2005). Image reproduced from Mellet et al. (2015).

The BPZ to the north of Arklow Bank was first reported by Stride (1963), however, the exact location of the BPZ
remains an area of contention with several authors propog slightly different locations (e.g. Holmes and Tappin
(2005); Kenyon and Cooper (2005); Van Landeghanal (2009)), depending on the data used to inform their
interpretation. The latest interpretation in Van Landegheet al. (2009, 2012) employed botketailed numerical
modelling and high resolution MBES data. Regardless, the BPZ to the north is coincident with dominantly sandy
gravel sedimentsKigure 17, with sediments transported northwards from the BPZ towards the Western Irish Sea

mud belt and southwards towards Arklow Bank (Holmes and Tappin, 2005; Medietl., 2015; Van Landegherat
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al., 2009 & 2012. The sediment transport pathways in the region of Arklow Bank were considered in greater detail
by Van Landeghemet al, (2009 & 2012) who confirmed a net southward transpast sand sized sedimentsand
defined areasof convergencewhich persistwithin the area (Figure19. Southwards transporfrom the BPZthrough

Wicklow Trough is hypothesised to be the primary pathwégm the BPZ tavards Arklow Bank.

Republic
of Ireland
(ROI)

Figurel9 The regional bedlad transport pathways (left) and a zoomed in image of the bedload parting zone to the north of Arklow

Bank. Image reproduced from Van Landeghem et al. (2009). (Arklow Bank is bounded in red area).

Across the region, bedforrashow a high degree of varialitly in regard to their size, shape, and groupings on the
seabed.The rate of mgration of thesebedforms (which usefullycan be considered a proxy rate dfedload sand
supply to the region local to Arklow Bank} complex to determine over extendedpatial scales, being a function of
the local flow regime, water depth and seabed sediment characteristiéan Landeghemet al., 2012) reports rates

of up to 30 m per year (note; the maximum rate of migration was observed in the enclosed area in thaitycof
Codling Deep to the west of India Bank and on the shallow seabed to the west of Arklow Bank), with a mean rate of
migration of circa6 m per year occurring across the region (Mellett al,, 2015). This suggests that post glacial features
such as he narrow basin and the fault between Codling Deep and Wicklow Trough (the southern extent which aligns
with Arklow Bank), act to enhance flow velocity and thus enhance the rate of sediment transport. Interestingbs
revealed migration rates were ratively consistent, suggestingedforms,on a regional scalemigrate broadly in one
direction and at a fairly constant rate, however, inspection of the migration pathways of individwagjrouped

bedforms at the regional scaleeveals some irregular pattas with either a higher rate of migration observed or a
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reversal in the direction of migrationA summaryof the migration rates of macro bedformfeaturesis presentedin

Figure20.

99584
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3

Figure20. Average net sandwaveigration rates per year from repeated MBES data. Image reproduced from Van Landeghem et al.,

(2012).

7.3.1 Sediment Supply from the Coast

Prior to 2005, whenhard defence structure were constructedn Arklow, the coastline was in a phase of retre@ARUP,
2018).Analysis ofhistoric and contemporary survey data conducteldy Byrne Looby Consulting Engineers in 2017.
Indicated acontinued and persistent, but low magnituddoss of materiafrom the beach face and nearshore region
in front of the coastal defencanfrastructure.These data, considered in the context of tharigin and maintenance
hypothesesfor linear sandbanksuggested by Dyer and Huntley (199 would indicate that the contemporary supply

of sediment fromthe coastlineacross the development ar@ and toward Arklow Bankis broadly limited.

To bolster the evidence poolregarding contemporary sediment sourcesto the bank targeted particle tracking
simulations were performedTo do this, the MIKE21 particlgacking module was coupled with thevalidated
hydrodynamic model to perform simulations. Undertaking these simulations endbéstimation of the transport

trajectory (transport pathwaysand residence time ofcoarse grained particles (sand and gravel)sing a Lagrangian
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approach. These particles are created within the model at the discharge location(s) and assigtmsic forms of
behaviour such agrain size,settling velocities and critical erosiothresholds. Simulations were run over the lunar
cycle withreleases timed atpeak ebb, and peak flood during the spring tidal phase Two release locations were

simulated, including

1. Offshore of Brittas Bay, a stretch of beach between Arklow and Wicklow Head, backed by dandswith
limited coastal protectionmeasures This location v&s chosento assess connectivity between Arklow Bank
and the coastlinesouth of Wicklow Head

2. The nouth of the Avoca Rivet to assess connectivity betwediuvial sediment sourceand Arklow Bank.

Theparticle tracks from these two release locations gmesented inFigure21 Interestingly, particleseleased offshore

of Brittas Bay appear to reagland remain, on Arklow Banlsuggesting some partial retention of sediments within the
bank systemThough the simulation does indicate potential connectivity between the bank and the coast to the north
of Arklow, it is not possible to discern from these simulatidmsw active this source might be as a contemporary supply
for the bank.Consideringthe other availableevidence,it is postulated that the supply from the coastline, thoudikely

a source of se@mentto the area, is generally limited in terms dfirect supply to the bankThat the particles, regardless

of release timesmoved southwards, is consistenith the BPZ located to the norttof the bank

7.3.2 Sediment Supply from Rivers

Previous investigations described by Ardyd (2018), concluded thahe flow from the Avoca River is typically low and
thus it is unlikely that the buoyanfreshwaterplume has sufficient momentum to drive sediments offshor&his is
supported by thegrain size data available from the bank which does not show any fine sediment content, similar to
that anticipated to be discharged frona fluvial source The outputs of the particle tracking simulations presented in
Figure21, provide corroborating evidence thathere is limited connectivity betweesand sized sediments released at

the mouth of the Avoca River andrklowbank.

9 Particle tracking models are limited in that they do not account fbedload transport processes, consolidation at the seabed and the physics
controlling the formation, and migration, of mobile bedforms. Despite particles being assigned coarse grain sizes (baséé gnantitative evidence
from borehole locations across #bank), the model simply suspendbhose materials at which point the critical erosion threshold is exceeded and
deposits these particles at which point the shear stress acting on the seabed reduces below the critical erosion threshelth¥excursiondistances
are often enhanced when compared to realitgnd outputs must be considered within the context of the limitations of the approach. Note also
these simulations remain unvalidated against reabrd data.

10Grain size was ascribed based on availaliata at the bank, and professional judgementhe settling velocities and critical erosion thresheld
were determined empirically using coefficients presented by Soulsby, 1997.

11 Releases were made from the mouth of the Avoca River howeflew conditionswithin the model do not include forfreshwaterdischarges.
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Figure21 Spatial plots showing the tracks froparticles releasel on peak flood (left and peak ebb (righftom a locaton next to the mouth of the Avoca River arad the coast south of

Wicklow Head. Note: the particles reledss the mouth of the Avoca River did not move in tB8-day simulation.
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7.4 Conceptual Understanding oPrevailing Regimeat the Regional Scale

From the review of relevant literature, a regional scale Conceptual Site Model (CSM) das Heveloped this has
been visualised irFigure 22. The pertinent points regarding the hydrodynamicwaveand sediment regims of the
region are asfollows:

1 Arklow Bank formed across glacial moraine and thus the base of the bank comprises glacial sediments
(compacted till, coarse gravels etc). This base of less mobile sediments acts to maintain the relative position
of the sandbank, but the highly mobile veneer of sand which overlies these sediments (and is maintained
in dynamic equilibrium with the local, and regional, hydrodynamic, wave and sediment regimes), indicates
potential for significant vertical bed level change assoedtwith mobile bedforms (e.g. sandwaves and
megaripples) and changes to the form and profile of the bank itself.

1 The tidal regime in the vicinity of Arklow Bank is complex due to thecasionally degenerateamphidromic
point at Courtown to the south of Aklow and the interaction of the two tidal waves, propagating from the
North Channel and St Georgesd Channel . This | eads
northward direction,varying from a micro-tidal range in the south to a meso-tidal range to the north of
the region.

1 Peak flow velocitiehich range from 0.5m/s to > 2.0 m/s are sufficient to mobilise unconsolidated

sediments.

1 Overall,the distribution patterns of coarser sedimentgflect the variation inflow velocitieswith deposits
of coarser sediments observed in areas of higher flow velocities

1 Generally, waves are locally wirgenerated and of fairly short periodT, < 8 s). Waves with periodsp to
8 s possess only a moderate capacity to influence the local sediment transport regime; thiéirence is
depth limited (i.e. typically to water depths < 3@n). It is noteworthy, that, on occasion, particularly at the
coast, seh low period waves are constructive rather than destructive.

1 The predominant sediment transport pathwayobserved within the regiorand the (approximate) area of
the BPZ in the central Irish Sdaas been defined from the literaturdi.e. the location ofthe BPZ ishased
upon the findings of Van Landeghenet al., 2009 & 2012). Despite some contention in the exact location
of the BPZ, there is no contention regarding the dominant transport pathway from the BPZ with net
transport southwards observed (broadiy the direction of Arklow Bank).

1 Migration rates ofsandwaveswithin Wicklow Troughpositionedto the north of Arklow Bank indicate the
trough enhancees local flow velocities andhus increasessediment transport. It is postulated thathe
funnelling effectof the trough provides an important pathway for sediment transported south from the
BPZ towards ArklovBank.

1 Though sediment supply from the BPZand potentially from erosion of the coastlinejhrough Wicklow
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Trough nourishes Arklow Bdq it is anticipated thasupply is limited and thus it has been concludektklow
Bank does not appear to have a significant contemporary supply of sediment nourishing the bank.
Sediment supply to Arklow Bank is controlled by the bedload parting zone (e horth of the bank) in the
central Irish Sea (first described by Strideal 1982 and further described by Van Landegheet al., 2009
& 2012) which is charactead by net transport southwards (broadly in the direction of Arklow Bank). Limited
contributions are predicted to occur from alternative sources (e.g. the southern Irish Sea, the local coastline,
or local fluvial sources). Thus, Arklow Bank can be considexesgmiclosed sediment cell
The knowledge garnered from the assessment of the sedimengital, hydrodynamic and wave regimes at the
regional scale was applied to both the assessment of local scale processes and to the setup of the coupled

hydrodynamic / wave / sediment transport model.
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Figure22 Visualisation of the conceptual understanding of processzsirring at the regional scale.
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8 PrevailingRegimesat the Local Scale

Moving from a broader view of the prevailing regimes at the regional sc#fe following chapter describes the more
detailed local view of the development are&he following sectionglescribe the malyses performed to understand
and conceptualisethe prevailinghydrodynamic, wave and sedimerregimes occurring across the ABWEase area

and export cable routes

8.1 Anatomy of ArklowBank

To provide a framework, within which the following analysi§ the prevailing regimes at the local scalean be
considered and interpreted the anatomy of Arklow Bank is presented below.Arklow Bank exist@as a dynamic
equilibrium The Bank can be splitnto five main process environments, which amplify different influences on
morphology and collectively form the overall bank processekhe five process environments are summarised below:
Head of bank this process environmentis linked to Wicklow Trough with enhanced flows and possible
sediment supply from a bedload parting zone tthe north of bank In this area of the bankhere is sediment
exchange between east and west flankat due to the deeper water, the influence dieaddifferenceis almost

negligible Therelative position of thehead of the bankis linkedwith Wicklow Trough

Tail of bank an unconstrainedar ea o0t ai | i ng o.fThedail of thé mankdswenpoegreatestat e r
wave influence from prevailing sdberly waves Again, sedimenexchangeoccursbetweenthe east and west

flanksthough due to the water depths the influence of head differengs almost negligible

East flankthis process environment isbb dominant with the seabed characterised by significant sand wave
featuresdisplaying net migration southwards. Due to the water depth wave influence is limit€dbss bank
flows driven by a tidahead differencedrive repositioning of the crestline through time wittveiring effects
enhancing transport in the shallowest regions of the bank. Transpafrsediment from the flanks to the crest
via ripple and megaripple migration an@nhanced byCoriolisacts to maintain the crestline. The east flank is

potentially more wave exposed tharthe west flankdue to the angle of wave approach

West flankthis process environment is flood dominant with the seabed characterised by significant sand wave
features displaying net migration northwards. Due to the water depth wavduehce is limited. Cross bank
flows driven by a tidahead differencedrive repositioning of the crestline through time with weiring effects
enhancing transport in the shallowest regions of the bank. Transport of sediment from the flanks to the crest
via fipple and megaripple migration and enhanced b@oriolisacts to maintain the crestline. The west flank is

potentiallyless exposed tavaveaction due to the angle of wave approach.
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Crest of bankthe bank crest(i.e.water levelof < -10mLAT) isprone to sediment transfer betweertthe east
and west flankdriven by a tidal head differenceand Coriolis pathwaysDue to the shallow water depths wave
influence is significanparticularly to the south angoutheast Wave actiorsmooths the crest free bbedforms

and enhances sediment transpart

Figure23 delimits the pracess environments summarised above.
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Figure23. A schematic diagram showing tleatomy of the bank and delimiting the five primary process environments across Arklow

Bank.

8.2 Seven Fathom Bank

Seven Fathom Bank forms satellite banko Arklow Bank which is locatedpproximatly 1.5km to the west ofArklow
bank Seven Fathom Bank has a similar orientation to that of Arklow Bank but is smaller being &isckmin length
along the north & south axis In comparison with Arklow Bank, Seven Fathom banks received limitedscienific
attention. However, it is reasonable to postulate that due to its relative locatioshape, profile and orientation
analogous processes to that which occur across Arklow Basdcur across Seven Fathom Bartkowever,several key
differencesare evidentbetween ArklowBank and Seven Fathom Bankhich reduce the magnitude of sediment

transport on Seven Fathom Bank, these include:
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1 Across Seven Fathom Bank water depthsaiow graduallyreducing to circa-15mLATin the centre of the
bank Within the boundaries of the survey the bathymetric data shows seabed levels range foioa-50
MLAT shallowing to a minimum water depth @irca-1 nlLATalong the ridge feature which traverses the bank
and forms the bank crestRigure24). Thus, Seven Fathom Bank is significantly deeper than Arklow Bardss
the bank crest

1 Due to the depth of the crestlinecross bank flowsthough do exist do not develop in the same manner as
Arklow Bank

1 Due to sheltering effects from Arklow Bank, wavlisely have only a limited role in theediment transport
regime.

1 Limited data is available to support the assessment of sandwave features which exist, on ortdpSeven

Fathombank but it is postulated that sandwaves are less prominent than observed on Arklow Bank.

8.3 Local Bathymetryand Slope

Figure24 shows the local bathymetrglerived from INFOMAR (2016) and EM@&X datasets Arklow Bank is located
approximately 6.5 km from theeast coast of IrelandFrom the coastthe bathymetry showsa shallow gradientto
around 18 km offshore, aftewhich thegradient of the seabed steepenso a depth of circa38 m. Significant sandwawe
are evident along the flanks of the bank, and at the northelhead and southerntail, with a highly active and expansive

sandwavefield observed at the southern end of the bank.

Figure25 presents slope across the lease area, derived using the project GIS from the 2019 bathyiataiset (Alpha
Marine, 2019)The stability of cohesionless grains on a slope is related to the angle of reppgeThe top layer of
grains on a slope is stable if the top surface has a slope less than the angle of maximum stapilify.(When the

slope angle is >j max the grains begin to move, and armvalancheof grains occurs (referred to as slope failure).
Typical values foj , for cohesionless grains are 3¢+/- 3% and 3% (+/- 3°) for sands and gravelgespectively (van

Rijn, D18; Barabast al 1999). Slopes exceeding B@ithin the lease area are rare (i.e. occurring in areas covering
0.02% and 0.04% of the cable route and bank, respectively), with the greatest slope angles occurring in deeper waters
(i.e. below-20 mLAT).It should be noted here that the snapshot provided by MBES data shows slopes {iaitire,

and slope induced transportwheregravity favours downslope transpoit considered likely to occur variously across

the lease area, across spaead through time.
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Figure24. Bathymetric plot of Arklow Bank. The dashed line shows the distinction between the north, central andectidhs of

the bank. Data source INFOMAR (203@Gnd EMODNET
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Figure25 Slope derived from the 2019 bathymetric dataset.
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8.4 Hydrodynamic Regime

The hydrodynamic regime is defined here as the behaviour of bulk watevements driven by the action of tides and
non-tidal influences (e.g. meteorological conditions; winds, atmospheric events and storm surdés.following

analyses focuses on depth averaged currents; flow through the water column is discussed in AppEndix

The mean tidal range during the spring and neap phases at Arklow Harbour are 0.8 m and 0.3 m, respectively, which
classify Arklow Harbour as having a mict@al range? (Table 4). Thus, in the regionlocal to Arklow Harbour .g.

along the export cable rate towards the nearshoreat proposed cable landfalbr HDD pop out locations) water

levels do not vary greatlyltrough the tidal cycleAphenomenon termed 6doubl e high wa
Harbour which influences the tidal flow regime and tidal phase dominance. This phenomenon is characterised with

a oyoung flood standd dur ishorened tueation df the ebh tideagenerptésa suedew h e r e
change in forcing, resulting in a greater flow velocity which occurs transiently. Due to this phasing, the nearshore

region (i.e. the shallow water area between Arklow Bank and the coastline) is fidmchinant due to the shortened

duration of the ebb tidal phase.

As there is not a significant difference in the tidal range in arMEdirection, the offshore tidal range (near Arklow
Bank)is thought to broadly reflect that of Arklow HarbouHowever due to the length of the bankdifferences persist
along the N 8 S axis, due to thdocation of the amphidromic point to the south of the bank at Courtown These
differences in the phase of thetidal constituents, water levels and the timing of high watisr observedacross the
length of Arklow Bank (e.gwater levels increaséowards the north within the lease area)Despite the limited tidal
range, the observed peak and mean tidal flow velocities across the development site are relatively high. This was first
confirmed by historic field measurements conducted at two locations to the east of the bank and at the headl an
tail of the bank, over a lunar cycle between August and September 1999. The data obtained revealed that the general
direction of flow offshore from Arklow Bank is toward the NNE during a flooding tide and toward the SSW during an
ebbing tide (Panigrahiet al., 2009).At both measurementlocations the observed peak flow velocities ranged
between 1.0 1.5 m/s through the neapspring tidal cycle.

Table4. Key Statistics related to water levels in Arklow Harbour (Soddmiralty Tide Figure, 2002018).

TidalPhase Water Level relevanto Chart Datum (m) Tidal Range (m)

Mean High Water Springs (MHWS) 1.4

Mean Spring: 0.8
Mean Low Water SpringgMLWS) 0.6

12 A micro tidal range is defined as being an observed tidal range of less than 2 m (Masselink and Short, 1993).
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TidalPhase Water Level relevanto Chart Datum (m) Tidal Range (m)

High Water Neaps (MHWN) 1.2

Mean Neap: 0.3
Mean LowWater Neaps (MLWN) 0.9
Lowest Astronomical Tide (LAT) 0.0 -

Figure26 shows the predicted influence of surges on water levels and the flow velocities at a location at the northern
end of the bank from modelled hindcast data from the year 2010'hese predictios indicate that surges have the
potential to increasecurrent speedby up to 40% in some extreme cases. In addition, water levels can vary (dependent
on whether a positive or negative surge occurs) between +0.5 m-th4 m. Table5 presents thekey statistics from the

metocean measurement campaign detailed in SectiGr2

13Figure 26 is derived from modelled hindcast data artthta derived from a harmonididal analyss performed using the hindcast dataSurge

effectson water levels and current speeis determined by comparing the difference between the model predictions atie harmonic data
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Figure26. The predicted relative influence of surges on water levels (top panel;unent speedlower panel) at the north of the

site, for the year 2018erived from comparison of modelled hindcast data astata derived from a harmonic tidanalysis.
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Parameters

Minimum

Maximum

Poo (%)

Pog (%)

60Ab Depth-averaged current [m/s] 0.02 2.36 0.91 0.92 18 1.92
Water Depth [m] 26.8 29.@ 27.94 27.99 28.49 28.76

Water Level [mMLAT] -0.p 2.32 1.5 130 180 2.07

6BO Depth-averaged current [m/s] 0.01 1.80 0.71 0.73 1.23 1.5
Water depth [m] 29.01 31.43 30.21 30.5 30.70 31.03

Water level [MLAT] -0.10 2.33 1.11 1.5 1.60 1.93

6Cbo Depth-averaged current [m/s] 0.01 1.47 0.62 0.64 1.04 1.26
Water Depth [m] 2450 26.51 25.8 25.72 26.07 26.2

Water Level [mLAT] -0.7 1.84 1.01 1.6 1.4 1.65

6Do Depth-averaged current [m/s] 0.01 2.11 0.78 0.78 1.3 170
Water depth [m] 29.31 31.66 30.51 30.54 30.99 31.26

Water level [MLAT] -0.09 2.26 1.1 1.14 1.59 1.86

O0E®G Depth-averaged current [m/s] 0.01 1.52 0.55 0.53 1.00 1.3
Water Depth [m] 37.2 39.30 3830 38.29 38.63 39.00

Water Level [mLAT] -0.26 1.8 0.82 0.82 1.6 1.52
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At each frame location a serndiurnal tidal regime is observed, with each data record exhibiting a distinct spnmeap

phasing with both water levels and flow velocities enhanced during the spring phase. Tidal flows, except for brief
periods at slack wate are observed with a flow velocitgf > 0.5 m/s, increasing to >2.0 m/s during the spring tidal

phase Maxi mum and mean current velocitioBd (i@ rfrdames® I idatadn c e d
towards thehead of the bank to the north}compared to other frame locatiors, which is postulated to be a function

of the local bathymetry (e.g. the influence of Wicklow Trough to the north channelling flows to the south towards
Arklow Bank)The variation in tidal range across the bamlescribed previouslys observed within the data record with

the mean spring range and Highest Astronomical Tide (H
greater than at frame | ocati on 0 Enhératddamphidimic pointindegdottei t i on
6doubl e high waterd effects b e claratien istocthe amphigrgni panh(te.at he ¢

frame | ocation 6Cd6 and O6EOQ) .

Figure27to Figure31present time series showing the water level, tidal current velocity and direction data recorded

atf rame | oG RPOOCIO@MA6 AED, respectively. Superimposed upon
non-tidal effects may be present. Many of these neidal effects originate from meteorological influences (e.g.
positive,or negative surge). The maximum water leM@233m above LAT) was rechkir dlad i atg
a surge eventduring the month of August2020. Figure 32 to Figure 36 display theobserved current speedas a

function of direction in the form of current roses, which provide a visually simple appreciation of the predominant tidal

axis at each othe measurement frame locationsstrong rectilinearity is observed at all frame locations broadly along

the axisnorth northeastto south southwest, though at all frame locations there is a component flaending further

towards the nortkern or southern quadrantsvhich may be due to thedirection of tidal flowsshiftinglocally relative to

the seabed topography Note: as these plots are depth avaged, flow variation through the water column during

different phase of the tide is notepresented
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Figure27. The water levetlata, and depthaveraged current speedneasured atf r ame | ocati on O Adatimeesent e

series.

Figure28 The water level data, and deptaver aged current speedB merasuegretdedti f rtatme f

series.
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