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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. 

T0 Bed Shear Stress 

Tcrit Critical Bed Shear Stress 

ABMS Arklow Bank Modelling Suite 

ABWP Arklow Bank Wind Park 

AGDS Acoustic Ground Discrimination Systems 

Amphidromic point 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. 

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

(hopping). 

BGS British Geological Survey 

BPZ Bedload parting zone. The region where the sediment transport pathways 

(mostly under bedload transport) diverge. 

CD Chart Datum 

CSM Conceptual Sediment Model: a synthesis of available evidence which brings 

together all the component parts of the analysis for different timescales and 

spatial scales to develop an overall understanding of system behaviour. 

Current speed Magnitude of local current flow. 

d50 Grain size representing the 50th percentile grain size in the distribution from a 

sample 

Diamict A terrigenous sediment (a sediment resulting from dry-land erosion) that is 

unsorted to poorly sorted and contains particles ranging in size from clay to 

boulders, suspended in a matrix of mud or sand, most commonly applied to 
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unsorted glacial deposits 

EIA Environmental Impact Assessment 

ES Environmental Statement 

Fetch The uninterrupted distance of open water over which the wind blows without 

significant change in direction 

FNU Formazin Nephelometric Unit 

GIS Geographical Information System 

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

increase around it, causing complex vortex patterns 

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

downwards relative to the blocks on either side, as in a rift valley 

GSI Geological Survey of Ireland 

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

forcing alone 

HD Hydrodynamic 

Hmax Maximum Wave Height 

Hs Significant wave height. Approximately the average height of the highest one 

third of the waves in a defined period, estimated from the wave spectrum as 

τ ά  . 

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

alone 

Local Scour Erosion of seabed material at a single foundation as the flow speeds up around 

it, causing complex vortex patterns 

Local-scale Near-field spatial scale considers sandwave features, individual foundations and 

cable routes 
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Long-term Temporal scale considers over years and decades (compatible with project 

lifetime) and climate change influences 

MBES Multibeam echosounder 

Medium-term Temporal scale considers over months to years in response to the periodic 

lunar tidal cycles and episodic seasonal wave variations 

Meso-scale Intermediate-field spatial scale considers sandbank features, coastlines 

and array scale issues 

MHW Mean High Water. Mean of all high-water levels 

MHWN Mean High Water Neap. Mean high water level during neap phase of tidal cycle 

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

cycle 

MLW Mean Low Water. Mean of all low water levels 

MLWN Mean Low Water Neap. Mean low water level during neap phase of tidal cycle 

MLWS Mean Low Water Spring. Mean low water level during spring phase of tidal cycle 

Morphodynamics The interaction and adjustment of the seafloor topography and fluid 

hydrodynamic processes, seafloor geomorphologies and sequences of change 

dynamics involving the motion of sediment 

MSL Mean Sea Level. Mean sea surface elevation over a prolonged period of time 

NTU Nephelometric Turbidity Units 

Porosity The proportion of sediment to voids in a sample of sediment 

PSA Particle Size Analysis 

Regional-scale Far-field spatial scale considers exposure conditions or site and wider 

linkages between macro bedforms (e.g. sediment pathways, sources and stores) 

Relative density The density of the grains of sediment relative to water 
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Residual level Difference between the tidal level estimated by harmonic analysis/prediction 

and the actual level. Includes any errors due to failure to adequately resolve the 

tidal signal. Includes meteorologically induced storm surge 

Short-term Temporal scale considers individual tidal cycle, individual extreme events 

SPM Suspended Particulate Material 

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

variations due to tide and meteorologically induced forcing 

Surge current Current driven by processes excluding astronomical forcing and wave 

induced motions 

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

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

Tidal current Current driven by astronomical forcing 

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

Tidal elevations exclude all meteorologically induced forcing 

Total current Combination of tidal and surge current 

Tp The spectral peak period. The period at which most energy is present in the 

wave spectrum. 

Tz The mean zero-crossing wave period. Estimated from the wave spectrum as 

ά
ά  . 

WTG Wind Turbine Generator 

Basal till Material carried in the base of the glacier and commonly laid down under the 

feature 

BP Before Present 

EMODnet The European Marine Observation and Data Network 
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Glacial moraine Accumulation of unconsolidated rocky debris produced by a glacier 

Holocene The most recent geological epoch from around 11,700 BP to the present day 

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

ka Thousand years 

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

of water 

Marine transgression A geologic event during which sea level rises relative to the land and the 

shoreline moves toward higher ground, resulting in coastal inundation and the 

possibility for sediment to be eroded 

Moribund A sandbank feature formed during periods of lower sea level that are no longer 

actively maintained by contemporary sediment transport processes (stranded in 

locations where currents become weaker) and thus have become relict features.  

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

Pleistocene Geological epoch that lasted from about 2,580,000 to 11,700 BP, spanning the 

world's most recent period of repeated glaciations. The end of the Pleistocene 

corresponds with the end of the last glacial period 

Tunnel valley Elongated and over-deepened depression formed by glacial meltwater flowing 

under an ice sheet at high-pressure 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 otherwise, units have been 

expressed using the SI convention. 

¶ Wave direction is expressed in compass points or degrees, relative to true North [°T], and describes the 

direction from which the waves are propagating. 

¶ Wave heights are expressed in metres [m]. 

¶ Wave periods are expressed in seconds [s]. 

¶ Current direction is expressed in compass points or degrees, relative to true North [°T], and describes the 

direction towards which the currents are flowing. 

¶ Current speeds are expressed in metres per second [m/s]. 

¶ Water levels are expressed in metres [m]. 

¶ Positions are quoted relative to WGS 84 except where stated. 

¶ All times are quoted in Coordinated Universal Time [UTC]. 

¶ Vertical levels are quoted relative to Lowest Astronomical Tide (LAT). 

¶ The friction at the seabed expressed in terms of a bed shear stress (units N/m2); the associated drag 

coefficient (Manningõs n) is non-dimensional and expressed as a drag coefficient applicable to depth- 

averaged flow. 

¶ The threshold for incipient sediment motion is expressed in terms of bed shear stress [N/m2] derived using 

the Shields parameter. The Shields parameter, which is a dimensionless threshold, is converted to a 

dimensional threshold velocity, which once exceeded the sediment starts to move. The threshold for 

movement of sediments is expressed in metres per second [m/s]. 

¶ Volume concentrations of sediment are expressed in kilograms per cubic metre [kg/m3]. 

¶ Suspended load and bedload transport rate are expressed as volume of grains moving per unit times per 

unit width of bed (if applicable) [m3/s or m2/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 SI convention. 

Key definitions are as follows:  

¶ Seabed mobility: In 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 in place (Draper et 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.  

¶ Vertical seabed level change: Spatio-temporal changes to the form, and profile, of the seabed. Bathymetric 

(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 space. is calculated by subtracting one bathymetry 

Ô) from the other (Ô) (Ô  Ô . 

¶ Morphodynamics: The process by which morphology affects hydrodynamics in such a way as to influence the 

further evolution of the morphology itself (Friedrichs, 2011).  

¶ Scour: When 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) or accumulation (i.e., sedimentation) of sediment in the vicinity of the structure 

(Draper et al., 2018). 

o Local scour: scour around an individual structure, for example around a single monopile or around 

one leg of a jacket structure. 

o Global scour: scour within and closely around a group of foundations as the flow speeds increase 

around the array, causing complex vortex patterns and potentially significant erosion. 

o Edge scour: scour occurring outside the scour protection caused by the interaction of the flow with 

the structure and protection. 

¶ Live bed scenario: Where T0 > Tcrit almost constantly, resulting in mobilsed sediments being in a state of flux 

during all periods of the tide except during slack water.  

¶ Sandbank: bedforms consisting of cohesive or non-cohesive sediments in estuaries and continental shelf 

areas. 

¶ Sandwaves: flow-transverse marine subaqueous dunes, often with superimposed megaripples. These features 

have a typical length of 100 to 800 m and crest heights (i.e. amplitude, crest to trough) of several metres (e.g. 

van Dijk and Kleinhans, 2005). 

¶ Megaripples: flow-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, 1989; Ashley, 1990).  

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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¶ Bank Crest: The point at which mobile sediments 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. 

¶ Flanks of the bank: The area of 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, and 2019, shows on Arklow Bank, the flanks of 

the bank can be considered to extend from approximately the -10 m LAT contour to the -30 m LAT contour. 

¶ Bank head: The area of the bank which is nourished by the dominant regional sediment supply. At Arklow 

Bank this is coincident with the northern end of the bank.  

¶ 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 the bank.  
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Executive Summary 

Arklow Bank is a narrow linear sandbank formed across a glacial moraine. The bank is situated in the Irish Sea to the 

east of Arklow, County Wicklow. Arklow Bank forms part of a series of coast-parallel, north-south trending, offshore 

banks. SSE Renewables is currently in the development phase of the Arklow Bank Wind Park (ABWP). The company 

holds a lease to develop up to 200 Wind Turbine Generators (WTG) on a rectangular area of seabed aligned with 

Arklow Bank, which also includes two consented routes for grid connection cables from the wind farm site to shore. 

Presently, there are seven, 3.6MW WTG, operating within the pre-existing Phase 1 lease area on the central crest area 

of Arklow Bank.  

When offshore wind farms are located on, or adjacent to, shallow sandbanks high levels of seabed mobility are likely 

to occur which increases the need to understand potential seabed level variability, and account for the variability 

during design. The consortium was commissioned to undertake a comprehensive morphodynamic assessment for 

the ABWP development area. The overarching aim of the project was to predict the magnitude of likely bed level 

change which may occur across the lease area, and 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 judgement. This report provides a 

description of the sediment and morphodynamic regimes and includes the following: 

Å A review of the area of investigation including the regional and local setting, formation of the sandbanks on 

the eastern Irish coastline and their contemporary form; 

Å The distribution of water depths and associated sediment cover across the development area; 

Å The nature and influence, of the tidal and wave regimes across the development area;  

Å A suite of complementary data-led analysis including a shear stress assessment, detailed analysis of mobile 

bedforms and quantification of historic morphological change including seabed level elevation, bank shape, 

and profile, through time;  

Å A synthesis of the sediment transport regime, including the development of a regional, and local scale, 

Conceptual Site Models (CSM); and, 

Å An integrated, systems-based approach, determining future seabed levels and the potential envelope of 

seabed level variation which may occur across the area, over the lifetime of the development.  

Observed and predicted changes to seabed levels through time, on occasion, exceed circa. 15 to 20 m, which illustrates 

the significant risks to windfarm infrastructure associated with seabed dynamics across the development area. The 

seabed region is complex and has the potential to follow multiple response pathways over the project lifetime and 

thus display multiple, distinct, system states. Throughout the assessment, our understanding of the hydro-sedimentary 
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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, and application of the coupled 

hydrodynamic, wave and sediment transport model to provide outputs suitable to inform decision-making during 

design. An integrated approach was established which combined modelling efforts (focussed solely on supporting the 

assessment of the lateral (east-west) movement of the sandbank crestline and the subsequent effects on the shape 

and profile of the bank), with available measured datasets and complementary forms of analysis. In total, 31 seabed 

levels derived from measured (bathymetry) datasets, complementary analysis, and numerical model simulations were 

utilised to predict the highest and lowest potential system states likely to occur over the lifetime of the development. 

Appropriate confidence limits were applied, though no additional safety margins, beyond 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 identify possible next steps which would potentially improve confidence in the predictions made regarding 

the estimated variation in future seabed levels across the lease area, to support the subsequent design process. Two 

options exist: 

1. Further, data collection, specified, 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 monitoring 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 should be 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, small-scale research and development type pilot studies would be proposed, the 

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

SSE is currently in the development phase of the Arklow Bank Wind Park (ABWP); SSE holds a lease to develop up to 

200 Wind Turbine Generators (WTG) (which will provide a minimum total installed capacity of 520MW) on a 

rectangular area of seabed aligned with the Arklow sandbank which is located 8-12 km off the east coast of Ireland. 

The current lease area, which also includes two consented routes for grid connection cables from the wind farm site 

to shore, is presented in Figure 1. Presently, there are 7, 3.6MW WTG, operating within the Phase 1 lease area, 

referred to as Arklow Bank Phase 1.  

 

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.  

When offshore wind farms are located on, or adjacent to, sandbanks then further engineering considerations may 

apply over and above an equivalent project situated in open water on a (more) stable seabed. Higher levels of seabed 

mobility are likely to occur which increases the need to understand issues such as local scour and potential seabed 

level variability. To inform engineering design, SSE has commissioned Partrac, MetOceanWorks and Cooper Marine 

Advisors to conduct a morphodynamic assessment of Arklow Bank and the surrounding area (including the export 

cable routes). The purpose of this study is to investigate the physical processes and associated morphological 
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response of Arklow Bank to, as best as possible, predict the envelope of seabed level variation likely to occur over the 

lifetime of the ABWP.  
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2 Study Scope and Approach 

The overarching aim of the study is to provide a robust understanding of morphological processes across the 

region, and locally, to 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 this, a systems-based 

approach was adopted, reliant on a data led analysis complemented by numerical modelling. This approach was 

applied to assess the magnitude of predicted bed level change likely to occur across the lease area and along the 

proposed export cable routes over the lifetime of the development.  

 

The primary objective of the morphodynamic study is to quantify the extents, magnitude and timelines associated 

with the morphological processes occurring across the Arklow Bank and surrounding area. To ensure that the study 

is of suitable quality and content to allow detailed design decisions to be undertaken, future seabed levels were 

estimated to determine, and predict changes through time, to:  

Å The estimated Lowest SeaBed Level (LSBL), and,  

Å The estimated Highest SeaBed Level (HSBL).  

A staged approach was adopted specifically designed to incrementally increase the confidence in the assessment 

and project outputs, and to ensure numerical modelling tools were judiciously applied to support the prediction of 

future seabed levels. This interpretative report compiles the works completed to date as part of the assessment of 

site morphodynamics at the ABWP. The assessment can be summarised via the description of the two staged 

approach: 

Stage 1: The first stage, conducted upstream of the programme of site- specific surveys scheduled at the 

ABWP, drew upon a combination of qualitative and quantitative assessments of presently available site data; 

empirical evaluation; initial site modelling; and the application of professional judgement. A review of the 

relevant literature and data sources was conducted to develop a regional and local appreciation of the 

prevailing hydrodynamic, wave and sediment transport regimes. To support this, a coupled hydrodynamic 

/ wave / sediment transport model was developed to predict antecedent conditions influencing the 

morphology of the site over the last forty years. 

 

Stage 2: The second stage utilised survey data to refine and improve the models developed in Stage 1 and 

further develop our technical understanding of sediment dynamics on Arklow Bank. Relying upon the 

outputs of bed-updating, sediment transport simulations and complementary data-led analysis, estimates 

of future seabed levels were made. This supported the assessment of the potential range of seabed level 

variability likely to occur across the lifetime of the development site.  
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Achieving a detailed understanding of the sediment transport processes and the geomorphological response of Arklow 

Bank through time relies on the consideration of a range of information as well as a combination of suitable methods 

of analysis. Numerical modelling is a useful tool to aid and extend our understanding and thus formed an integral part 

of our overall approach. Modelling was used to support our expert analysis by testing various hypotheses. The outputs 

of the model simulations enable us to quantify the geomorphological response of the study area to key process drivers. 

The application and interpretation of model outputs is supported by other complementary industry-standard methods 

of assessment, such as quantitative analyses of bedforms, and expert morphological assessment. Study outputs were 

interpreted within the framework of the local scale Conceptual Site Model (CSM) and considered in tandem with the 

independent assessment of measured data. This integrated approach avoided placing complete dependency on any 

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

 

Recognising, and moderating for, the limitations of numerical modelling in accurately forecasting morphological 

change into the future is crucial and requires the intelligent application of numerical modelling tools grounded within 

a robust understanding of the process drivers of sediment transport at the regional, and local scale. Restrictions exist 

when performing long-term morphological predictions principally due to the many underlying assumptions which may 

lead to results diverging from a realistic or true answer (a problem commonly referred to as ôcompound errorõ). As 

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 transport behaviours and rates. We understand the caution that must be employed when 

undertaking geomorphological upscaling from a period of ebb and flood tides to spring-neap cycles, through to 

annual and decadal changes. Sediment transport models are also limited in that they can only infer the influences of 

smaller scale (i.e. sub-grid) features, such as sandwaves through roughness coefficients, and are unable to fully resolve 

near-field turbulence induced scour forces around small structures. As such an independent, quantitative assessment 

of bedform features and local scour processes/effects was performed, informed by the modelling.  

 

To predict large scale morphodynamic behaviour, a systems level approach is adopted which relies on a framework 

which integrates conceptual models, meso-scale coastal area models and data driven analysis (van Maanen et al., 

2015)1. This approach requires a detailed appreciation of the interactions that occur between the coast and the shallow 

seabed through time, across space (Figure 2).  

 
1 The methodology utilised within this study builds upon the framework established by van Maanen et al. (2015). It also follows methodologies 

applied within recent morphodynamic assessments conducted by Deltares for offshore wind farm developments in Dutch waters (e.g. Deltares, 

2015, 2016 and 2019) who advocate for a ôdata ledõ assessment. Though no specific guidance exists for predicting future morphological response of 

the seabed at offshore wind farm sites, useful guidance for the use of numerical modelling techniques exists (e.g. Lambkin et al., 2009 and Pye et 

al., 2017) and this has also been considered. 
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Figure 2. Schematic showing the spatial and temporal scales associated with morphological response of the seabed. Image reproduced 

from Whitehouse (1997).  

2.1 Report Structure  

This interpretative report, which supersedes all previous reports, provides a description of the following relating to 

the development site, including: 

¶ The definitions of the various temporal and spatial scales considered as part of this assessment and key project 

considerations; 

¶ A review of the relevant literature and assessment of the data and information gaps which exist; 

¶ A synthesis of the regional and local setting, including: 

o The general nature and form of the seabed  

o The distribution of water depths (bathymetry) 

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

o An assessment of seabed mobility within the development site  

¶ A data led assessment including: 

o Detailed bedform analysis 

o Assessment of historic trends and observed bed level change 

¶ Application of numerical modelling to determine the range of potential seabed level variability likely to occur 

across the development site, over the lifetime of the development;  

¶ Consideration of confidence limits associated with the predictions; and, 

¶ To support consideration of the potential seabed level variability through time, a preliminary assessment of 

scour potential around foundations, and global scour effects at the site associated with both foundations and 

existing wrecks, is 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 of good quality primary evidence, for example:  

¶ Repeated high-resolution multibeam surveys of strategic areas of the sandbank,  

¶ Long-term wave and tidal measurements; and, 

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

To date, a wide variety of data sources have been collated to inform this assessment. Site-specific geophysical, 

geotechnical and metocean datasets available for regional and local scales have been used, and these have been 

supported through inclusion of regional and site-specific data and information garnered from publicly available 

data sources and data archive centres. Further information was also provided by SSE; these included data from 

previous bathymetric surveys of the site and various geotechnical / geophysical and environmental data and 

reports.  

All data and information were critically assessed in regard to their utility / quality to the assessment of site 

morphodynamics based on their issue dates, their origin and the data resolution. For example, a measured 

dataset is considered superior to an equivalent modelled one; a high-resolution dataset superior to a low-

resolution one; an up-to-date dataset superior to an out-of-date one, etc. Appendix A summarises the datasets 

utilised, and the various technical reports and journal articles consulted. Due to their significance to the study of 

site morphodynamics, the quality, spatial and temporal coverage, and overall utility to the study, the historic 

MBES datasets and metocean measurement campaign are described in detail in Section 3.1 and Section 3.2. 

Outstanding datasets are also discussed in Section 3.3.  

3.1 Historic Bathymetric Data 

An extensive suite of bathymetric data exists of varying resolution, quality, and coverage.  

Table 22 in Appendix A and Figure 3 summarises the bathymetry datasets available to the assessment. High 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 bathymetry is the primary (most up to date and of greatest 

resolution) bathymetric dataset, and thus has been implemented within the model for the purposes of validation of 

the hydrodynamic and wave models. Comparisons between datasets are performed cautiously due to differences 

between the quality, coverage, resolution and vertical datum of historic datasets (see quality review of 2000 data 

[Cooper Marine Advisors, 2020]). In addition, due to the high rate of seabed mobility of certain bedform features 

across the bank system, composite bathymetries derived from survey operations which span periods of weeks to 

months (and which may have been delayed due to adverse sea conditions) do not represent an instantaneous view of 
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the seabed but are likely to comprise various system states. An appreciation of these issues is required when 

interpreting apparent changes with comparable data of this type.  

 

 

 



 

51 

 

 

Figure 3. The spatial layout of available historic bathymetry data. 
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3.2 Metocean Measurement Campaign 

A 12-month metocean measurement campaign was conducted at the ABWP Lease Area variously between November 

2019 and March 2021 (Fugro, 2021). In total, five seabed frames, configured with various instrumentation to measure 

currents, waves and suspended particulate material, were deployed at locations denoted ôAõ, ôBõ, ôCõ, ôDõ and ôEõ2;. 

 

The frame locations are described in detail in Table 1 along with the purpose of the deployment. Further detail 

regarding the configuration of the seabed frames is presented in Table 2 (note; instrument setup, sampling frequency 

and data return statistics for the measurement campaign are presented in Fugro, 2021). The frame locations were 

micro-sited so as to optimise their locations to provide suitable data for local model validation, and to improve 

understanding of the hydroðsedimentary regime at the local scale (e.g. to investigate the postulated flood-ebb 

dominance on either side of Arklow Bank and investigate wave 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 calibrateðvalidate the driving models of sediment transport (i.e. the  

hydrodynamic and wave models described in Section 4 and Appendix G,). The performance of these models during 

validation is described in detail by MetOceanWorks Ltd (2021).  

 

 

 

 

 

 

 

 

 
2 At the interim six-month service visit, the frames deployed at location ôBõ and ôDõ were not recoverable, as such new measurement frames were 

re-deployed at locations determined to be ôless mobileõ to facilitate recovery operations. 
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Table 1. Description of seabed frame locations. 

Frame Location Local Bathymetry Site Description 

ôAõõ 

 

 

The frame was positioned at the northern end of Arklow Bank in a mean water depth of circa 28 m. Based on the latest 

bathymetry, the frame appears to be deployed on a gentle sloping seabed, with water depths increasing to the north/north-

north-east of the frame location. Water depths shallow over the bank immediately to the south/southwest of the frame. Several 

large sandwaves are positioned just to the west/southwest which appear to continue to migrate northwards from the shallower 

regions of the bank. Prior to deployment the frame location was moved slightly to the east to provide an unimpeded (or less 

impeded) ebb / flood signal to support validation of the hydrodynamic and wave models. The primary purposes for deploying 

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

ôBõ  

 

The frameõs position was amended following burial of the initial deployment. Inspection of the bathymetry indicates that the 

frame was positioned on the northwest flank of the bank at a location characterised by an average water depth of circa 27 m. 

The latest bathymetry (acquired in 2019) indicates the frame was deployed on a sloping seabed, with water depths shallowing 

to the east and deepening to the west. Megaripples, characterised by a wave height of circa 0.1 m are evident in close proximity 

(circa 100 m) to the east of the frame deployment location. The primary purposes for deploying the frame at this location was 

to assess asymmetry in tidal flows either side of the bank and to compare these data to those collected at frame location ôDõ.  
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Frame Location Local Bathymetry Site Description 

ôCõ 

 

Inspection of the local bathymetry shows the frame is positioned along the proposed export cable route inshore of Arklow 

Bank and Seven Fathom Bank, on a relatively flat plain between Seven Fathom Bank and the coast. At the frame location a 

mean water depth of circa 26 m was observed. At this location, the seabed appears to be broadly devoid of large-scale 

bedforms. The primary purpose for deploying the frame at this location was to investigate processes occurring between the 

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

 

ôDõ 

 

The frameõs position was amended following burial of the measurement frame initially deployed. Inspection of the bathymetry 

indicates that the frame was located towards the northeast of the bank. The frame was positioned in an area of the seabed 

characterised by average water depths of circa 28 m. Water depths increase gradually to the North of the frame. A small 

depression is observed immediately south of the frame location. West of the frame (towards the crest of the bank), water 

depths shallow gradually. No bedform features were observed in the immediate vicinity of the frame's location. The primary 

purposes for deploying the frame at this location was to assess asymmetry in tidal flows either side of the bank and to compare 

these data to those collected at frame location ôBõ.  
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Frame Location Local Bathymetry Site Description 

ôEõ 

 

Inspection of the local bathymetry shows the frame was positioned at the southern end of Arklow Bank in a mean water depth 

of circa 38 m. Water depths shallow over the bank immediately to the northeast. The local bathymetry reveals a significant 

sandwave field, particularly to the southwest of the bank. Prior to deployment the frame location was moved slightly to the 

west to provide an unimpeded (or less impeded) ebb / flood signal for model validation. The purpose for deploying the frame 

at this location was to measure waves approaching the bank from the southerly directions.  
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Table 2. The parameters measured at each bedframe location. 

Frame Location Table Latitude 

(WGS 84) 

Longitude 

(WGS 84) 

Instruments Deployed Parameters Measured Start Date End 

Date 

ôAõ 52° 54.577ź N 005Á 54.943ź W Nortek AWAC 600 kHz 

Aqualogger 210 TYT 

Starmon Mini 

SeaGuard SW/ Seabird SBE 37-SM 

Valeport Fast CTD 

NISKIN bottle 

Current profiles 

Water level 

Waves 

Seabed water temperature 

Turbidity (ABS) 

Seabed water temperature 

Turbidity (OBS) 

Surface water temperature 

Seabed water temperature 

Conductivity 

Salinity 

Density 

Turbidity 

Suspended Particulate Matter 

06/11/2019 

01/08/2020 

05/01/2020 

18/05/2020 

16/10/2020 

07/03/2021 

ôBõ 52Á 51.025ź N 005Á 56.764ź W Nortek AWAC 600 kHz 

Aqualogger 210 TYT 

Valeport Fast CTD 

NISKIN bottle 

Waves 

Water Level 

Current Profiles 

Seabed Water Temperature 

02/08/2020 

07/11/2020 

15/10/2020 

07/03/2021 
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Frame Location Table Latitude 

(WGS 84) 

Longitude 

(WGS 84) 

Instruments Deployed Parameters Measured Start Date End 

Date 

Turbidity (ABS) 

Seabed Water Temperature 

Turbidity (OBS) 

Conductivity 

Depth 

Temperature 

Conductivity 

Salinity 

Density 

Turbidity 

Suspended Particulate Matter 

ôCõ 52Á 49.306ź N 006Á 01.237ź W Nortek AWAC 600 kHz 

Aqualogger 210 TYT 

Starmon Mini 

Valeport Fast CTD 

NISKIN bottle 

Waves 

Water Level 

Current Profiles 

Seabed Water Temperature 

Turbidity (ABS) 

Seabed Water Temperature 

Turbidity (OBS) 

Surface Water Temperature 

Conductivity 

24/11/2019 

 

 

 

 

 

 

 

 

19/05/2020 
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Frame Location Table Latitude 

(WGS 84) 

Longitude 

(WGS 84) 

Instruments Deployed Parameters Measured Start Date End 

Date 

Depth 

Temperature 

Conductivity 

Salinity 

Density 

Turbidity 

Suspended Particulate Matter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ôDõ 52Á 51.570ź N 005Á 55.035ź W Nortek AWAC 600 kHz 

Aqualogger 210 TYT 

Valeport Fast CTD 

NISKIN bottle 

Waves 

Water Level 

Current Profiles 

Seabed Water Temperature 

Turbidity (ABS) 

Seabed Water Temperature 

Turbidity (OBS) 

Conductivity 

Depth 

Temperature 

Conductivity 

Salinity 

Density 

01/08/2020 

07/11/2020" 

 

 

 

 

 

 

 

 

 

 

 

16/10/2020 

07/03/2021" 
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Frame Location Table Latitude 

(WGS 84) 

Longitude 

(WGS 84) 

Instruments Deployed Parameters Measured Start Date End 

Date 

Turbidity 

Suspended Particulate Matter 

 

 

 

 

 

 

ôEõ 52Á 41.462ź N 005Á 59.581ź W Nortek AWAC 600 kHz 

Aqualogger 210 TYT 

Starmon Mini 

SeaGuard SW/ Seabird SBE 37-SM 

Valeport Fast CTD 

NISKIN bottle 

Waves 

Water Level 

Current Profiles 

Seabed Water Temperature 

Turbidity (ABS) 

Seabed Water Temperature 

Turbidity (OBS) 

Surface Water Temperature 

Seabed Water Temperature 

Conductivity 

Depth 

Temperature 

Conductivity 

Salinity 

Density 

Turbidity 

Suspended Particulate Matter 

"24/11/2019 

02/08/2020 

22/11/2020" 

 

 

 

 

 

 

 

 

 

 

 

 

"19/05/2020 

15/10/2020 

08/03/2021" 

 

 

 

 

 

 

 

 

 

 

 

 



 

60 

 

3.3 Outstanding Data  

The present study will inform several aspects of the project (e.g. scheme layout and foundation design, de-risking 

operations and maintenance activities, cable routing etc.). Our ability to inform each aspect of the study, with a high 

confidence level, is closely linked to the availability of primary evidence.  

 

At the time of publication, data from the Ground Investigation (GI) campaign remain outstanding. As such only limited 

site-specific geotechnical survey data, and unverified interpretation of geophysical data is available to assist in the 

identification of depths and physical characteristics of mobile sediment. The ground-truthed, estimated, thickness of 

the sand mobile (erodible) layer (i.e. the sand deposit) across the lease area and along the proposed export cable 

routes is required to verify predictions of future seabed levels. Particle size data for all surficial (< 1 m below the seabed) 

sediment samples collected from seabed grab samples, vibracore or borehole locations are critical input data for the 

sediment transport model.  

 

At this stage, the presently available data is deemed sufficient to progress the morphodynamic assessment. To do this, 

informed assessments, grounded in the available data and relying on professional judgement, are applied to obviate 

for existing data gaps. We tacitly acknowledge that the data acquired from the ongoing/programmed site-specific 

survey work will further strengthen our understanding of (and thus our ability to predict) morphodynamic processes 

occurring on the bank. The outstanding ground-truthed geophysical interpretation and the geotechnical data will be 

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

Obtaining a detailed spatio-temporal understanding of seabed level change relies upon the consideration of a range 

of information as well as a combination of suitable methods of analysis. Numerical modelling is a useful tool to aid and 

extend our understanding, 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 the study 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 

quantify) how the profile and form of the seabed (i.e. the seabed level) is likely to behave and evolve through time, 

and across space. Seabed behaviour is the result of many processes and mechanisms which act and interact on a 

variety of space and time scales. Coastal area morphodynamic models are used to predict short-term (days to months) 

bathymetric changes to address specific engineering challenges (Nicholson, et al 1997). Typically, schemes focus on 

two-dimensional, depth-averaged approaches (e.g. Wang et al., 1992; Sato et al., 1995; Price et al., 1995), which provide 

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 computations. 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 sparse datasets. 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 Arklow Bank Modelling Suite (ABMS) and is presented in the form of a schematic diagram 

in Figure 4. The setup and validation of the hydrodynamic and wave models is described in Appendix G and in greater 

detail in MetOceanWorks Ltd (2021)3. The setup, concept testing and validation of the sediment transport model is 

described in detail in Section 9 and Appendix G. An assessment of the performance of the sediment transport model 

in representing the key driving processes of sediment transport across the development site is detailed in Section 9.3. 

A discussion of the confidence limits which should be considered with the predictions of future seabed levels is 

presented in Section 9.6. Finally, in addition to scenarios targeted at the morphological response of the bank, 

simulations were run using the MIKE21 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 hydrodynamic and wave models (termed the driving models) are the same base model as that which has been applied to develop metocean 

design criteria statistics.  
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domain. Particles were ascribed the characteristics of local sediments to the release locations, and the releases were 

simulated in conjunction with different tidal phases including periods of greatest cross bank flows, which have been 

identified by the metocean climate assessment and sediment transport modelling 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 the area of 

interest. 
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Figure 4. A schematic detailing the modelling tools and their application within the study of site morphodynamics at the ABWP.  
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5 Project Considerations 

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

cause seabed levels to raise or lower through time) within the lease area, and along the export cable routes, during 

the lifetime of the wind farm. This includes a combination of periodic and episodic processes: 

¶ Asymmetry4 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 (i.e. surge induced flows). 

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

Factors which may influence these processes include:  

¶ Sediment Type: The 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 Infrastructure: Local, and global, effects on the sediment regime during, and post, construction of 

seabed infrastructure (e.g. the installation of a monopile, or an array of monopiles). 

¶ Climate Change Effects: quantifying the potential effects of the predicted rise in sea level over the lifetime of 

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

their impact in terms of the response of the bank.  

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

¶ Episodic, periodic, or progressive changes to seabed levels: changes 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 features (i.e. sandwaves and megaripples); the transient 

influence of the migration of mobile features on seabed levels.  

¶ The evolution of the shape and relative position of the bank: temporal, or episodic, changes to the relative 

position of the bank through time and changes to the cross-sectional shape and profile of the bank along its 

length.  

¶ Local scour processes; quantifying the potential impact on local seabed levels due to the presence of WTG 

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

Section 5.1 to Section 5.5 detail the key project considerations.  

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

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

imbalances in the flow regime control net transport.   
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5.1 Defining Spatial-Temporal Scales 

This project presents information across a broad range of spatial and temporal scales. Well-defined spatial and 

temporal scales are important to establish how the formation and evolution of Arklow Bank is linked with larger-

scale influences and processes from the far-field (e.g. tidal and wave processes and sediment sources) 

(Whitehouse, 1997). The relevant spatial and temporal scales for this project are defined as follows: 

Spatial Scales: 

¶ Local scale: morphological features including bedforms existing within the lease area and along the proposed 

export cable routes.  

¶ Meso-scale: sandbank features and coastline. The meso-scale, which is associated with the CSM at the local 

scale, is defined as that ôfrom the north of Arklow Bank (in the south of the bed load parting zone) at 53.050 

Nõ and extending to 52.550 Nõõ; this includes the area inshore of the bank to the coastline and captures the 

main sediment pathways from the north of the bank; and, 

¶ Regional scale: Irish Sea, establishes exposure conditions for the site and wider linkages between macro 

bedforms (e.g. sediment pathways, sources, and stores). The regional scale is defined as that ôbetween Ireland 

and Wales and 52.00 N ôand 53.50 Nõ. This definition encompasses the St Georgeõs Channel Bedload Parting 

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 transport pathways.  

Temporal Scales: 

¶ Short-term processes: bedform and sandbank response to individual tidal cycles and individual (high energy) 

events; 

¶ 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; 

¶ Long-term processes: long-term changes in the bank geometry and position over years and decades 

(compatible with the lifetime of the development) including for climate change influences.  

 

Figure 5 shows on a map of the Irish Sea, the extents of the regional and meso scales, as defined above.  
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Figure 5. The boundary extents for ôregionalõ and ômesoõ spatial scales overlain on the bathymetry (m MSL) of the Irish Sea (source: 

EMODnet Bathymetry). 
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5.2 Determination of the Nearshore Boundary  

This assessment provides quantitative predictions for seabed level change 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 depth of closure for a 

given or characteristic time interval is defined as òthe most landward depth seaward of which there is no significant 

change in bottom elevation and no significant net sediment exchange between the nearshore and the offshoreó (Kraus, 

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 far-field, hydrodynamic, metocean and 

sedimentary regimes. This report does not consider such effects. Predictions of future seabed levels along the export 

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

or at other locations in the region. Figure 6 shows the estimated depth of closure, following the equations of Hallermeir 

(1981) and Hallermeir (1983). The depth of closure is estimated as being between the 5.5 m and 7.0 m contour. The 

outer closure depth of 7.0 m defines the nearshore boundary. See Appendix B for further detail.   
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Figure 6. Estimated depth of closure following the equations presented by Hallermeir,1981 and 1983. The ôouterõ closure depth denotes 

the projects nearshore boundary.  
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5.3 Coordinate Reference System 

The data available to the study displayed various geodetic horizontal and vertical datum. All datasets were standardised 

to a single coordinate reference system being WGS 84 / UTM zone 30°N. Though some data is presented in the report 

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

5.4 Wind Farm Infrastructure 

The impact of constructing a wind farm, regardless of layout or foundation design, will likely have a negligible impact 

upon bank scale morphology. However, the construction of WTG structures on the bank will display a local impact on 

the tidal flows and local sediment regime which is typically manifested local to the structure as scour, referred to as 

local scour. The potential also exists for cumulative flow disturbances (which is a complex function of flow vortices, 

localised turbulence, flow acceleration and de-acceleration around structures) having a cumulative effect (i.e. wake to 

wake interaction) on certain areas of the bank. This is entirely dependent on scheme layout, but a preliminary 

assessment and discussion of scour potential and cumulative flow disturbances is presented in Appendix H to inform 

future decision making. 

 

Predictions of future seabed levels do not consider effects associated with wind farm infrastructure being present, as 

part of this development, or at other sites in the region. 

 

The key project dates considered as part of this assessment were as follows: 

¶ Design life ð 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) 

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

5.5 Climate Change Effects 

Estimated future seabed levels assume the metocean, hydrodynamic and sedimentary regimes within the Irish Sea will 

broadly remain similar through the lifetime of the wind farm. Climate change issues warrant consideration. The goal 

here is to understand, assess, and if required, account for, such effects on the prevailing regimes.  

 

Due to impacts upon the prevailing hydrodynamic and metocean conditions (i.e. the drivers of sediment transport), 

changes to observed water levels have the potential to modify local and regional sediment regimes. Climate change 

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

at the development site, are difficult to predict with accuracy. However, within the literature there is general agreement 

that water levels will rise during the lifetime of the development5. This change is widely accepted 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 during the 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 which quantitative 

projection data can been obtained. The projected sea-level changes are associated with three different forcing 

scenarios, being RCP 2.6, 4.5 and 8.5 which are presented in Figure 7. Current estimates are that over the next century 

the Irish Sea (Wicklow coast) will experience a rise in sea level of between 0.1 ð 0.5 m (Table 3). 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, though 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. Beniston et al., 2007; Feser et 

al. 2015). The impact of storminess can be considered as the result of several interlinked factors being storm intensity, storm frequency and storm 

track. Changes in any, or all, of these parameters may have implications for sediment transport (and thus morphological adjustment at the seabed) 

within the region. At present, within the scientific community it is widely agreed that contradictory evidence exists regarding the potential for climate 

change effects to increase relative storminess. Due to this climate change effects implanted within the model will only include for sea level rise. 
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Figure 7. The three emission scenarios presented in the form of a time series of time-mean sea level change. Plot reproduced from 

UKCP 18 (2018). 

Table 3. The predicted rise in water level for the ôlowõ, ômediumõ and ôhighõ emissions scenario. Note: the central estimate of the medium 

emission scenario is to be utilised as part of the model simulations.  

Scenario 5th 50th 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 pre-Cambrian times, however, for present purposes it can most usefully 

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

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

to Ziegler (1982) who reconstructs the palaeogeography of the Irish Sea throughout these periods. Further aspects 

of the geological background are found in Belderson (1964); Cathie Associates Ltd (2018); Holmes and Tappin (2005) 

and Mellett et al (2015). The Irish Sea basin is thought to contain rocks from several geological systems, ranging from 

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 highly variable laterally, and with depth, due to repeated fluctuations of ice sheet margins during the 

last glacial period.  

 

Arklow Bank is a narrow linear sandbank formed across a glacial moraine (Clark et al, 2012). The bank is situated in 

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

a series of coast-parallel, north-south trending, offshore banks. These banks are generally about 10 km offshore, 

typically stand 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 south include Bennet, Kish, Frazer, Bray, Codling, India, Arklow, 

Glassgorman, Rusk, Blackwater/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 Bank). The 

location of the various banks along the eastern Irish coast are detailed in Figure 8. 
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Figure 8. Location of the various sandbanks, which form the local bathymetry along the eastern seaboard of Ireland1. (Source: 

INFOMAR Bathymetry). 

The location of sandbanks on continental shelves depends on the presence of tidal (or other) currents capable of 

moving sand, and the availability, or 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 post-glacial rise in sea-level; 

they are features resulting from glacial action and retreat.  

 

Seismic profile and seismo-stratigraphic analysis of the Kish, Burford, Bray and Fraser banks to the north of Arklow 

reveal a typically homogeneous upper unit devoid of internal structures or ôhardõ cores, suggesting that these banks 

are comprised of sand/gravel and are not founded on a glacial morainic core (i.e. they do not have a geological 

genesis) (Wheeler et al., 2001). These banks are of Holocene age, and the source of the bank material is from erosion 

and re-working of local fluvio-glacial and glacial deposits during the marine transgression during the last ice retreat. 

Wheeler et al (2001) estimates stranding of the banks by rising sea-levels around 5,000 BP (Before Present) and 

bathymetric comparisons published by Wheeler et al (2001) suggest that these banks are quasi-stable over time, 

broadly maintaining their position due to the interaction of the prevailing regimes. In contrast, Fahy et al (2002), Keary 

(cited in Wheeler et al (2001)) and Warren and Keary (1989) indicate that both Arklow Bank and Codling Bank are 
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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 Ltd (2018). In the vicinity of Arklow, this is likely a result of the 

development of Wicklow Trough which creates focused tidal 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 were formed with their southern ends attached to a gravel ridge 

in the Dover Straits.  

 

Appendix D details the key stages of geological development on the eastern Irish Seaboard from the Pleistocene 

through to the Holocene, as presented by Cooper Marine Advisors Ltd (2020). The main points of the assessment 

can be summarised as follows:  

¶ The origin of Arklow Bank occurred during a period of marine transgression which was driven by a rapid rate 

of sea level rise through the early 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 the (former) coastline to the north against a flat coastal plain created a tidal 

circulation which helped spawn a succession of 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 processes then 

favoured new banks forming further to the west and in shallower water, leaving former banks to the east in 

deeper water with a much-reduced sediment supply. These easterly banks eventually became moribund due 

to loss of sediment supply and weaker near-bed 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 headland 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, Arklow Bank developed as a Type 1: Open shelf linear 

sandbank. The association of the northern end of the bank with Wicklow Trough supported bank development 

by offering enhanced òchanneledó ebb flows and thus additional sediment supply from the coastal plain to 

the north (a location which is now associated with a bedload parting area).  

¶ The slowing of sea level rise from this time against a generally steeper coastline reduced the sediment supply 

(and thus concluded the period of marine transgression) which then slowed down further bank development 

to form a present-day equilibrium condition.  

The future long-term 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 Trough. It is postulated, 

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

in the bank profile 

6.1 Modern Day Setting: Historic Chart Analysis  

In the modern era, Admiralty Chart No. 1787 (United Kingdom Hydrographic Office [UKHO]) covers the area from 

Wicklow Head to Kilmichael Point, and thus includes for Arklow Bank. An assessment of the -10 mLAT, 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 century. Due to the uncertainty associated with the development 

of historic charts, analyses are treated with caution and no assessment of morphological trends is offered6. These 

data indicate: 

¶ The position of the bank, relative to the coastline, has largely remained the same over the period between 

surveys (86 years). Comparison of contours derived from the historic bathymetry chart indicate that parts 

of the bank appeared to have moved to the east and west and the northern and southern tails of the bank 

have extended through time to the north and south, respectively. 

¶ Through time, Seven Fathom Bank appears to have expanded in size and become elongated to the north.  

 

Figure 9 and  

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

of contouring applied to the data.  
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Figure 10 presents the -10 mLAT and ð 20 mLAT contour derived from the 1978 (surveyed in 1914) and 2018 (surveyed 

in 2000) editions of the local Admiralty Chart; the MBES data collected in 2016, and 2019, is also included for reference. 
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Figure 9. The -10 m contour analysis from the 1978 and 2018 edition of Chart no 1787 and the MBES data acquired in 2016 and 2019.  
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Figure 10. The -20 m contour analysis from the 1978 and 2018 edition of Chart no 1787 and the MBES data acquired in 2016 and 

2019. 

6.2 Classification of Arklow Bank 

As described in Section 6, the contemporary form of Arklow Bank has been classified as a Type 1: Open Shelf Linear 

Sandbank based on the classification described by Dyer and Huntley (1999), however, the bank is believed to have 

formed as a Type 3(B) ôbanner bankõ when a former headland receded. For reference, the various bank types, as 

classified by Kenyon and Cooper (2005), are presented in Figure 11.  

 

Type 1 sandbanks are maintained by the convergence of sediment towards the crest from opposite sides of the bank; 

on Arklow Bank sediment is also transported across the bank. The rotary residual sediment transport typically observed 

on an open shelf linear sandbank is driven by two vorticity forces that increase toward 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 friction-driven circulation (Hulscher et al., 1993; Reynaud and 

Dalrymple, 2012; Roos and Hulscher, 2002). 
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Figure 11. Classification of tidal and non-tidal sandbanks. Image reproduced from Kenyon and Cooper (2005) and including the 

classification of Dyer and Huntley, (1999). 
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7 Regimes at the Regional Scale 

Our understanding of the hydroðsedimentary processes at the regional scale has been developed first following a 

review of the available literature and data. The region of interest falls within the Irish Sea, a semi-enclosed body of 

water bounded by Ireland, southern Scotland, north-west England and Wales. The sea has restricted outlets to the 

Atlantic Ocean through the North Channel to the north, and via the St. Georgeõs Channel to the south. The following 

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

7.1 Hydrodynamic Regime  

The oceanic tidal wave propagates into the Irish Sea basin from the Atlantic Ocean through both the North Channel 

and the St. Georgeõs Channel. The tidal regime is characterised by a standing wave, which is a function of the proximity 

of the amphidromic point and the interaction of the tidal waves propagating into the Irish Sea from the north and the 

south7. The tidal regime in the vicinity of Arklow Bank is complex due to the location of the amphidromic point at 

Courtown to the south of Arklow. The amphidrome during spring tides is degenerate, being located inland, but at 

neap tides the position moves into the Irish Sea. This movement is due to proportionally more energy being absorbed 

from spring than from neap tides (Pugh, 1981). The eastern continental seaboard of southeast Ireland is rather unusual 

in that it is an area of comparatively fast flows characterised by a small tidal range. The tidal range progressively 

increases with distance from the amphidromic point, varying from a micro-tidal range in the south of the region to a 

meso-tidal range to the north of the region; across the Irish Sea ranges of tidal elevation vary from <1 m to up to 9 m 

(Figure 12). The tidal cycle is semi-diurnal in the Irish Sea and is dominated by the M2 and S2 tidal constituents 

(Pingree and Griffiths, 1978), with a common period of 12.4 hours. Due to the complexity of the tidal regime the tidal 

range exhibits significant variations (e.g. during the spring ð neap phase through to the lunar nodal cycle [18.6 years]).  

 

 

 

 

 
7 A standing wave is classically defined by the timing of peak flows coinciding with high and low water rather than mid ebb/flood which is defined 

as a progressive wave. 
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Figure 12. tidal range during a mean spring 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 the region, though typically depth-averaged flows exceed 1 m/s during the 

spring tidal phase (Howarth, 2005). Peak flow velocities observed range from 0.5 m/s to > 1.5 m/s, which is a function 

of the broader tidal regime with local differences in flow velocity observed due to local bathymetry variations (Figure 

13). 
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Figure 13. maximum depth-averaged current velocities. The location of Arklow Bank within each plot is marked as a bounded area as 

a white line. Source: ABMS.  

The tidal regime is, on occasion, also affected by surges8.. The largest positive surges occur in the eastern Irish Sea, 

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

and up to 1.25 m on the Irish coast and across the St. Georgeõs Channel (Howarth, 2005). Despite the increase in 

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 complicated non-linear 

interactions between surge and tide may potentially yield a significant impact on the local sediment transport regime 

via an increase in local flow velocities and, during negative surges, an increased transmission of wave energy to 

shallow areas of seabed. 

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

the action of atmospheric pressure (high pressure depresses the sea surface and low pressure raises it). 
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Figure 14. 50-year return period storm surge elevations in cm (figure reproduced from Flather, 1987). 
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Figure 15. 50-year return period storm surge currents in m/s (figure reproduced from Flather, 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 wind-wave development 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 surface and generate waves. Swell 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 variability. The Irish Sea is a semi-enclosed body of water, swell 

propagation is limited and thus, locally generated, wind waves dominate. The magnitude of locally generated wind and 

swell waves depends on the duration and fetch of the wind. Wave energy propagation into the Irish Sea from Atlantic 

Storms is generally curtailed by headlands such as Carnsnore Point which acts to shelter the western side of the Irish 

Sea. Only two relatively narrow ôfetch windowsõ exist along the axes of the St. Georgeõs and North Channel. As such, 

bigger, swell waves (i.e. Tp > 8 s), which are more powerful drivers of sediment transport at the seabed, are generally 

observed near the entrances to the Irish Sea, at the southern end of the St. Georgeõs Channel (although these longer 

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, 2005). As water depths shallow, energy is lost due to bed friction as 

waves propagate up the southern Irish Sea, this equates to peak wave heights of circa 8 m for a fifty-year return period 

(Figure 16). As the fetch is limited, generally waves in the Irish Sea are locally wind-generated, and of fairly short period 

(i.e. Tp < 8 s). Dependent on the associated wave height, waves characterised with periods of 8 s possess only a 

moderate capacity to influence sediment transport, 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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Figure 16. Map of indicative values of 50-year return period significant wave height (m). Figure reproduced from Carter (1993). 

7.3 Sediment Regime   

Seabed sediment data are available from several projects, including HabMap (Robinson et al., 2008), and the 

Southwest Irish Sea Survey [SWISS} (Wilson et al., 2001). The surficial sediments of the Irish Sea have also been mapped 

by British Geological Survey [BGS] (Figure 17), and a seabed mobility index developed by Coughlan et al., (2021).  
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Figure 17. Surficial Sediment Distribution in the Irish Sea at the regional scale. Source: BGS (2019): digital map SBS250. Note for 

sediment classification, the standard Folk triangle was used, based on the percentage of gravel and the sand: mud ratio. 

Across the Irish Sea, the most common sediment type is sandy gravel (Figure 17). 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 sediment or bare rock. Areas of gravel are also found to the north of Anglesey, offshore of St. Davidõs 

Head, and to the north 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 patches 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 flow transverse sandwaves is observed; from this area 

fine material has been winnowed away and transported north into the Western Irish Sea mud-belt which is found 

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

that much of the surrounding seabed is described or classified as 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 spring ð neap variability. 

Within the Irish Sea, tidal flows interact, and on occasion mobilise, unconsolidated seabed sediments which are then 

transported as long as the threshold for transportation is maintained (i.e. †0 > †0crit), and it ceases when the threshold 
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for transportation is lost (i.e. †0 > †0crit). Where a flat seabed persists, comprised of (potentially) mobile sediments, and 

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 the composition of the seabed 

and supply of mobile sediment). In the Irish Sea many bedforms are observed (Mellet et al, 2015), and generally, 

areas of the seabed not comprised of gravel lag deposits, can 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 and seabed features across 

the region (McCarron et al., 2019, Van Landeghem et 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 site. The regional sediment transport regime is broadly controlled 

by the area of divergence in the sediment transport pathway at the so-called St Georgeõs Channel BPZ to the north 

of the bank which extends eastwards across the Irish Sea between approximately south of Dublin on the eastern Irish 

Coast and Anglesey in North Wales. Divergent zones are found at several locations around the British and Irish coast, 

where complex tidal interactions give rise to an area of enhanced bed shear stress (see Harris et al., 1995). In terms 

of judging regional sediment transport pathways, consideration must be given to the presence of the BPZ. Typically, 

BPZõs are regions of the seabed, discernible through both their sediment, and hydrodynamic, features but which are 

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 asymmetry (i.e. a flood and ebb dominance exists either side of the feature). 

Predominant regional sediment transport pathways and the approximate location of these BPZõs are reported by 

several authors (e.g. Holmes and Tappin (2005), Kenyon and Cooper (2005); Van Landeghem et al. (2012, 2009) and 

presented in Figure 18. 
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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 BPZ is 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 proposing slightly different locations (e.g. Holmes and Tappin 

(2005); Kenyon and Cooper (2005); Van Landeghem et al. (2009)), depending on the data used to inform their 

interpretation. The latest interpretation in Van Landeghem et al. (2009, 2012) employed both detailed numerical 

modelling and high resolution MBES data. Regardless, the BPZ to the north is coincident with dominantly sandy 

gravel sediments (Figure 17), with sediments transported northwards from the BPZ towards the Western Irish Sea 

mud belt and southwards towards Arklow Bank (Holmes and Tappin, 2005; Mellett et al., 2015; Van Landeghem et 
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al., 2009 & 2012). The sediment transport pathways in the region of Arklow Bank were considered in greater detail 

by Van Landeghem et al., (2009 & 2012) who confirmed a net southward transport of sand sized sediments and 

defined areas of convergence which persist within the area (Figure 19). Southwards transport from the BPZ through 

Wicklow Trough is hypothesised to be the primary pathway from the BPZ towards Arklow Bank.  

 

 

Figure 19. The regional bedload 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, bedforms show a high degree of variability in regard to their size, shape, and groupings on the 

seabed. The rate of migration of these bedforms (which usefully can be considered a proxy rate of bedload sand 

supply to the region local to Arklow Bank) is complex to determine over extended spatial scales, being a function of 

the local flow regime, water depth and seabed sediment characteristics. Van Landeghem et al., (2012) reports rates 

of up to 30 m per year (note; the maximum rate of migration was observed in the enclosed area in the vicinity of 

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 circa 6 m per year occurring across the region (Mellett et al., 2015). This suggests that post glacial features 

such as the 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. Interestingly, it was 

revealed migration rates were relatively consistent, suggesting bedforms, on a regional scale, migrate broadly in one 

direction and at a fairly constant rate, however, inspection of the migration pathways of individual or grouped 

bedforms at the regional scale reveals some irregular patterns with either a higher rate of migration observed or a 
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reversal in the direction of migration. A summary of the migration rates of macro bedform features is presented in 

Figure 20. 

 

Figure 20. Average net sandwave migration 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, when hard defence structures were constructed in Arklow, the coastline was in a phase of retreat (ARUP, 

2018). Analysis of historic and contemporary survey data conducted by Byrne Looby Consulting Engineers in 2017. 

Indicated a continued and persistent, but low magnitude, loss of material from the beach face and nearshore region 

in front of the coastal defence infrastructure. These data, considered in the context of the origin and maintenance 

hypotheses for linear sandbanks suggested by Dyer and Huntley (1999), would indicate that the contemporary supply 

of sediment from the coastline across the development area, and toward Arklow Bank, is broadly limited. 

 

To bolster the evidence pool regarding contemporary sediment sources to the bank, targeted particle tracking 

simulations were performed. To do this, the MIKE21 particle tracking module was coupled with the validated 

hydrodynamic model to perform simulations. Undertaking these simulations enabled estimation of the transport 

trajectory (transport pathways) and residence time of coarse-grained particles (sand and gravel) using a Lagrangian 
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approach9. These particles are created within the model at the discharge location(s) and assigned10 basic forms of 

behaviour such as grain size, settling velocities and critical erosion thresholds. Simulations were run over the lunar 

cycle with releases timed at peak 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 dunes and with 

limited coastal protection measures. This location was chosen to assess connectivity between Arklow Bank 

and the coastline south of Wicklow Head. 

2. The mouth of the Avoca River11 to assess connectivity between fluvial sediment sources and Arklow Bank.  

The particle tracks from these two release locations are presented in Figure 21. Interestingly, particles released offshore 

of Brittas Bay appear to reach, and remain, on Arklow Bank, suggesting some partial retention of sediments within the 

bank system. Though 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 simulations how active this source might be as a contemporary supply 

for the bank. Considering the other available evidence, it is postulated that the supply from the coastline, though likely 

a source of sediment to the area, is generally limited in terms of direct supply to the bank. That the particles, regardless 

of release times, moved southwards, is consistent with the BPZ located to the north of the bank.  

7.3.2 Sediment Supply from Rivers  

Previous investigations described by Arup Ltd (2018), concluded that the flow from the Avoca River is typically low and 

thus it is unlikely that the buoyant freshwater plume has sufficient momentum to drive sediments offshore. This is 

supported by the grain size data available from the bank which does not show any fine sediment content, similar to 

that anticipated to be discharged from a fluvial source. The outputs of the particle tracking simulations presented in 

Figure 21, provide corroborating evidence that there is limited connectivity between sand sized sediments released at 

the mouth of the Avoca River and Arklow bank.  

 

 
9 Particle tracking models are limited in that they do not account for bedload transport processes, consolidation at the seabed and the physics 

controlling the formation, and migration, of mobile bedforms. Despite particles being assigned coarse grain sizes (based on the quantitative evidence 

from borehole locations across the bank), the model simply suspends those 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 threshold. As such, excursion distances 

are often enhanced when compared to reality and outputs must be considered within the context of the limitations of the approach. Note also 

these simulations remain unvalidated against real-word data. 

10 Grain size was ascribed based on available data at the bank, and professional judgement. The settling velocities and critical erosion thresholds 

were determined empirically using coefficients presented by Soulsby, 1997.  

11 Releases were made from the mouth of the Avoca River however flow conditions within the model do not include for freshwater discharges.  
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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, south of 

Wicklow Head. Note: the particles released at the mouth of the Avoca River did not move in the 30-day simulation.  
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7.4 Conceptual Understanding of Prevailing Regimes at the Regional Scale 

From the review of relevant literature, a regional scale Conceptual Site Model (CSM) has been developed; this has 

been visualised in Figure 22. The pertinent points regarding the hydrodynamic, wave and sediment regimes of the 

region are as follows: 

¶ 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 associated with mobile bedforms (e.g. sandwaves and 

megaripples) and changes to the form and profile of the bank itself.  

¶ The tidal regime in the vicinity of Arklow Bank is complex due to the occasionally degenerate amphidromic 

point at Courtown to the south of Arklow and the interaction of the two tidal waves, propagating from the 

North Channel and St Georgesõ Channel. This leads to a tidal range which progressively increases in a 

northward direction, varying from a micro-tidal range in the south to a meso-tidal range to the north of 

the region. 

¶ Peak flow velocities which range from 0.5 m/s to > 2.0 m/s are sufficient to mobilise unconsolidated 

sediments.  

¶ Overall, the distribution patterns of coarser sediments reflect the variation in flow velocities with deposits 

of coarser sediments observed in areas of higher flow velocities. 

¶ Generally, waves are locally wind-generated and of fairly short period (Tp < 8 s). Waves with periods up to 

8 s possess only a moderate capacity to influence the local sediment transport regime; their influence is 

depth limited (i.e. typically to water depths < 30 m). It is noteworthy, that, on occasion, particularly at the 

coast, such low period waves are constructive rather than destructive.  

¶ The predominant sediment transport pathways observed within the region and the (approximate) area of 

the BPZ in the central Irish Sea has been defined from the literature (i.e. the location of the BPZ is based 

upon the findings of Van Landeghem et 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 (broadly in the direction of Arklow Bank).  

¶ Migration rates of sandwaves within Wicklow Trough positioned to the north of Arklow Bank indicate the 

trough enhances local flow velocities and thus increases sediment transport. It is postulated that the 

funnelling effect of the trough provides an important pathway for sediment transported south from the 

BPZ towards Arklow Bank. 

¶ Though sediment supply from the BPZ (and potentially from erosion of the coastline), through Wicklow 
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Trough nourishes Arklow Bank, it is anticipated that supply is limited and thus it has been concluded Arklow 

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 (to the north of the bank) in the 

central Irish Sea (first described by Stride et al 1982 and further described by Van Landeghem et al., 2009 

& 2012) which is characterised 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 considered a semi-closed sediment cell. 

The knowledge garnered from the assessment of the sedimentological, 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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Figure 22. Visualisation of the conceptual understanding of processes occurring at the regional scale.  
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8 Prevailing Regimes at the Local Scale  

Moving from a broader view of the prevailing regimes at the regional scale the following chapter describes the more 

detailed local view of the development area. The following sections describe the analyses performed to understand, 

and conceptualise, the prevailing hydrodynamic, wave and sediment regimes occurring across the ABWP lease area 

and export cable routes. 

8.1 Anatomy of Arklow Bank 

To provide a framework, within which the following analysis of the prevailing regimes at the local scale, can be 

considered and interpreted, the anatomy of Arklow Bank is presented below. Arklow Bank exists as a dynamic 

equilibrium. The Bank can be split into five main process environments, which amplify different influences on 

morphology and collectively form the overall bank processes. The five process environments are summarised below: 

Head of bank: this process environment is linked to Wicklow Trough with enhanced flows and possible 

sediment supply from a bedload parting zone to the north of bank. In this area of the bank there is sediment 

exchange between east and west flanks but due to the deeper water, the influence of head difference is almost 

negligible. The relative position of the head of the bank is linked with Wicklow Trough.  

 

Tail of bank: an unconstrained area òtailing offó into deeper water. The tail of the bank is open to greatest 

wave influence from prevailing southerly waves. Again, sediment exchange occurs between the east and west 

flanks though due to the water depths the influence of head difference is almost negligible.  

 

East flank: this process environment is ebb dominant with the seabed characterised by significant sand wave 

features displaying net migration southwards. Due to the water depth wave influence is limited. Cross bank 

flows driven by a tidal head difference drive 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 ripple and megaripple migration and enhanced by Coriolis acts to maintain the crestline. The east flank is 

potentially more wave exposed than the west flank due to the angle of wave approach.  

 

West flank: this process environment is flood dominant with the seabed characterised by significant sand wave 

features displaying net migration northwards. Due to the water depth wave influence is limited. Cross bank 

flows driven by a tidal head difference drive 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 ripple and megaripple migration and enhanced by Coriolis acts to maintain the crestline. The west flank is 

potentially less exposed to wave action due to the angle of wave approach. 
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Crest of bank: the bank crest (i.e. water level of < -10 mLAT ) is prone to sediment transfer between the east 

and west flank driven by a tidal head difference and Coriolis pathways. Due to the shallow water depths wave 

influence is significant, particularly to the south and southeast. Wave action smooths the crest free of bedforms 

and enhances sediment transport.  

 

Figure 23 delimits the process environments summarised above.  

 
Figure 23. A schematic diagram showing the anatomy of the bank and delimiting the five primary process environments across Arklow 

Bank.  

8.2 Seven Fathom Bank 

Seven Fathom Bank forms a satellite bank to Arklow Bank which is located approximately 1.5 km to the west of Arklow 

bank. Seven Fathom Bank has a similar orientation to that of Arklow Bank but is smaller being circa 5.5 km in length 

along the north ð south axis. In comparison with Arklow Bank, Seven Fathom bank has received limited scientific 

attention. However, it is reasonable to postulate that due to its relative location, shape, profile and orientation, 

analogous processes to that which occur across Arklow Bank, occur across Seven Fathom Bank. However, several key 

differences are evident between Arklow Bank and Seven Fathom Bank which reduce the magnitude of sediment 

transport on Seven Fathom Bank, these include:  
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¶ Across Seven Fathom Bank water depths shallow gradually reducing to circa -15 mLAT in the centre of the 

bank. Within the boundaries of the survey the bathymetric data shows seabed levels range from circa -50 

mLAT shallowing to a minimum water depth of circa -1 mLAT along the ridge feature which traverses the bank 

and forms the bank crest (Figure 24). Thus, Seven Fathom Bank is significantly deeper than Arklow Bank across 

the bank crest.  

¶ Due to the depth of the crestline, cross bank flows, though do exist, do not develop in the same manner as 

Arklow Bank. 

¶ Due to sheltering effects from Arklow Bank, waves likely have only a limited role in the sediment transport 

regime. 

¶ Limited data is available to support the assessment of sandwave features which exist, on or close to, Seven 

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

8.3 Local Bathymetry and Slope  

Figure 24 shows the local bathymetry derived from INFOMAR (2016) and EMODnet datasets. Arklow Bank is located 

approximately 6.5 km from the east coast of Ireland. From the coast the bathymetry shows a shallow gradient to 

around 18 km offshore, after which the gradient of the seabed steepens to a depth of circa 38 m. Significant sandwaves 

are evident along the flanks of the bank, and at the northern head and southern tail, with a highly active and expansive 

sandwave field observed at the southern end of the bank.  

 

Figure 25 presents slope across the lease area, derived using the project GIS from the 2019 bathymetric dataset (Alpha 

Marine, 2019). The stability of cohesionless grains on a slope is related to the angle of repose (j). The top layer of 

grains on a slope is stable if the top surface has a slope less than the angle of maximum stability (jmax). When the 

slope angle is > jmax, the grains begin to move, and an avalanche of grains occurs (referred to as slope failure). 

Typical values for j , for cohesionless grains are 300 (+/- 30) and 350 (+/- 30) for sands and gravels, respectively (van 

Rijn, 2018; Barabasi et al. 1999). Slopes exceeding 300 within 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 post-failure, 

and slope induced transport, where gravity favours downslope transport is considered likely to occur variously across 

the lease area, across space and through time.   
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Figure 24. Bathymetric plot of Arklow Bank. The dashed line shows the distinction between the north, central and south sections of 

the bank. Data sources: INFOMAR (2016) and EMODNET. 
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Figure 25. 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 water movements driven by the action of tides and 

non-tidal influences (e.g. meteorological conditions; winds, atmospheric events and storm surges). The following 

analyses focuses on depth averaged currents; flow through the water column is discussed in Appendix E.  

 

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 micro-tidal range12 (Table 4). Thus, in the region local to Arklow Harbour (e.g. 

along the export cable route towards the nearshore, at proposed cable landfall or HDD pop out locations), water 

levels do not vary greatly through the tidal cycle. A phenomenon termed ôdouble high waterõ is observed in Arklow 

Harbour which influences the tidal flow regime and tidal phase dominance. This phenomenon is characterised with 

a òyoung flood standó during the ebb tidal phase where the shortened duration of the ebb tide generates a sudden 

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 flood-dominant due to the shortened 

duration of the ebb tidal phase.  

 

As there is not a significant difference in the tidal range in an E-W direction, the offshore tidal range (near Arklow 

Bank) is thought to broadly reflect that of Arklow Harbour. However, due to the length of the bank differences persist 

along the N ð S axis, due to the location of the amphidromic point to the south of the bank at Courtown. These 

differences in the phase of the tidal constituents, water levels and the timing of high water is observed across the 

length of Arklow Bank (e.g. water levels increase towards 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 head and 

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 (Panigrahi et al., 2009). At both measurement locations, the observed peak flow velocities ranged 

between 1.0 ð 1.5 m/s through the neap-spring tidal cycle. 

Table 4. Key Statistics related to water levels in Arklow Harbour (Source: Admiralty Tide Figure, 2001-2018). 

Tidal Phase Water Level relevant to Chart Datum (m) Tidal Range (m) 

Mean High Water Springs (MHWS) 1.4 

Mean Spring: 0.8 

Mean Low Water Springs (MLWS) 0.6  

 
12 A micro tidal range is defined as being an observed tidal range of less than 2 m (Masselink and Short, 1993).  



 

103 

 

Tidal Phase Water Level relevant to Chart Datum (m) Tidal Range (m) 

High Water Neaps (MHWN) 1.2 

Mean Neap: 0.3 

Mean Low Water Neaps (MLWN) 0.9 

Lowest Astronomical Tide (LAT) 0.0 - 

 

Figure 26 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 201013. These predictions indicate that surges have the 

potential to increase current speed by 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 to -0.4 m. Table 5 presents the key statistics from the 

metocean measurement campaign detailed in Section 3.2.  

 
13 Figure 26 is derived from modelled hindcast data and data derived from a harmonic tidal analysis performed using the hindcast data. Surge 

effects on water levels and current speed is determined by comparing the difference between the model predictions and the harmonic data.  
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Figure 26. The predicted relative influence of 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 harmonic tidal analysis. 
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Table 5. The key statistics regarding current speed, water depth and water level from each measurement frame.  

Frame Location Parameters Minimum Maximum Mean P50 (%) P90 (%) P99 (%) 

ôAõ Depth-averaged current [m/s] 0.02 2.36 0.91 0.92 1.51 1.92 

Water Depth [m] 26.58 29.02 27.94 27.99 28.49 28.76 

Water Level [mLAT] -0.12 2.32 1.25 1.30 1.80 2.07 

ôBõ Depth-averaged current [m/s] 0.01 1.80 0.71 0.73 1.23 1.55 

Water depth [m] 29.01 31.43 30.21 30.25 30.70 31.03 

Water level [mLAT] -0.10 2.33 1.11 1.15 1.60 1.93 

ôCõ Depth-averaged current [m/s] 0.01 1.47 0.62 0.64 1.04 1.26 

Water Depth [m] 24.50 26.51 25.68 25.72 26.07 26.32 

Water Level [mLAT] -0.17 1.84 1.01 1.05 1.41 1.65 

ôDõ Depth-averaged current [m/s] 0.01 2.11 0.78 0.78 1.35 1.70 

Water depth [m] 29.31 31.66 30.51 30.54 30.99 31.26 

Water level [mLAT] -0.09 2.26 1.11 1.14 1.59 1.86 

ôEõ Depth-averaged current [m/s] 0.01 1.52 0.55 0.53 1.00 1.31 

Water Depth [m] 37.22 39.30 38.30 38.29 38.63 39.00 

Water Level [mLAT] -0.26 1.83 0.82 0.82 1.16 1.52 
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At each frame location a semi-diurnal tidal regime is observed, with each data record exhibiting a distinct spring-neap 

phasing with both water levels and flow velocities enhanced during the spring phase. Tidal flows, except for brief 

periods at slack water, are observed with a flow velocity of > 0.5 m/s, increasing to > 2.0 m/s during the spring tidal 

phase. Maximum and mean current velocities are enhanced at frame location ôAõ, ôBõ and ôDõ (i.e. frames located 

towards the head of the bank to the north) compared to other frame locations, 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 bank described previously is observed within the data record with 

the mean spring range and Highest Astronomical Tide (HAT) values at frame location ôAõ (to the north of the bank) 

greater than at frame location ôEõ due to its position relative to the local degenerate amphidromic point. Indeed, the 

ôdouble high waterõ effects become more apparent the closer the frame location is to the amphidromic point (i.e. at 

frame location ôCõ and ôEõ).  

 

Figure 27 to Figure 31 present time series showing the water level, tidal current velocity and direction data recorded 

at frame location ôAõ, ôBõ, ôCõ, ôDõ and ôEõ, respectively. Superimposed upon the regular tidal behaviour, various random 

non-tidal effects may be present. Many of these non-tidal effects originate from meteorological influences (e.g. 

positive, or negative surge). The maximum water level (2.33 m above LAT) was recorded at frame location ôBõ during 

a surge event during the month of August 2020. Figure 32 to Figure 36 display the observed current speed as a 

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

axis at each of the measurement frame locations. Strong rectilinearity is observed at all frame locations broadly along 

the axis north northeast to south southwest, though at all frame locations there is a component flow tending further 

towards the northern or southern quadrants which may be due to the direction of tidal flows shifting locally relative to 

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

different phase of the tide is not represented.  
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Figure 27. The water level data, and depth-averaged current speed, measured at frame location ôAõ presented in the form of a time 

series.  

 

Figure 28. The water level data, and depth-averaged current speed, measured at frame location ôBõ presented in the form of a time 

series. 






































































































































































































































































































































































































































































































































































































































































































































































