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This report was commissioned by the management of the INFOMAR programme which is funded by 
the Department of the Environment Climate and Communications (DECC). The INFOMAR programme 
team is jointly operated by the Geological Survey Ireland (GSI) and Marine Institute (MI). It aims to        
complete Ireland’s entire seabed mapping by end 2026, potentially becoming the first country in the 
world to do so. A review of the Offshore Renewable Energy (ORE) Sector’s data and information 
requirements in the context of the INFOMAR programme was required to address relevant national 
policy drivers, namely Action 26 of the Climate Action Plan 2019 and the 2020 Programme for                           
Government which calls for the installation of 5 G/W of offshore wind energy by 2030.

Presently, Ireland has a huge dependency on importing fossil fuels to meet its energy demands. The 
25MW at the Arklow bank is the total power generation from offshore renewable energy. For the 
targets set in the programme for government to be met by 2030 there needs to be a paradigm shift.  
The Marine Planning and Development Management Bill (MPDM) has been debated in the Oireachtas 
and it is hoped that this will be enacted in 2021. This should then streamline the consenting process 
with an Bord Pleanála being responsible for license applications. The bill should also allow for the 
applications for licenses outside of 12 nautical miles to match Irelands Exclusive Economic Zone 
(EEZ).

It is envisaged that ORE development in Ireland will be in a phased approach. Initially in the Irish sea 
where water depths are relatively shallow and the sea conditions are more benign before moving to 
the next phase in the Celtic sea and then lastly, as the technology evolves, into the Atlantic on the West 
Coast.  Floating wind appears to be the next major advancement in the ORE sector. Locating wind 
farms further offshore can reduce visual pollution, provide better accommodation for fishing and s 
hipping lanes, and reach stronger and more consistent wind speeds.  There is also the potential to 
couple these with green hydrogen generation which will optimise the energy generated as well as offer 
an alternative to fossil fuels.  Wave and Tidal energy have the potential to be the largest source of 
clean energy however the Levelised Cost of Electricity (LCOE) on these is high presently and these are 
emerging technologies rather than proven. In the short to medium term wind turbines that are fixed to 
the seabed will be developed. These require a thorough understanding of the seabed and subsurface 
for accurate ground models to be built and the correct foundation design to be used. 
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The INFOMAR programme aims to provide comprehensive and accessible integrated marine datasets 
for Irish waters that underpin and add value to marine research, SOLAS convention committments and 
government policy. INFOMAR’s open data policy which contains bathymetric maps and various                     
products provides an essential toolkit for supporting Ireland’s ORE sectoral development, in particular 
site selection, subsea infrastructure, and landfall.

The bathymetry data acquired and processed by the INFOMAR programme is of crucial importance to 
ORE sectoral development in Ireland. It is imperative to understand with a high degree of certainty 
what the water depth is, what objects, natural or man-made are on the seabed and what sedimentary 
processes are active and how these can affect the planned development of a project.  The bathymetric 
data is an excellent dataset that is acquired and processed to international hydrographic standards, 
however data acquisition gaps should be considered, particularly off the West and South coasts as 
there are areas where data still needs to be acquired as part of programme strategy to end 2026.

The primary driver and deliverable for the INFOMAR programme is the completed baseline                                    
bathymetric mapping of the Irish seabed. As a consequence of this, the sub bottom profile (SBP)data 
(shallow seismic) has suffered somewhat as it is necessarily considered a value-added product.  The 
SBP data however is seen as the most important geophysical dataset for constructing an accurate 
ground model and designing the engineering solution, particularly for offshore fixed bottom                                 
installations and cabling onshore.

The INFOMAR SBP Data quality is variable, ranging from poor to good and the geographical extent 
does not match the overall bathymetric coverage achieved to date. Seismic processing and                                 
reprocessing are key to unlocking the value of this dataset. Higher end seismic software packages 
offer advanced processing capabilities and allow for key geological information to be teased out of 
the data. To date all SBP and shallow seismic data acquired by the INFOMAR programme has been 
single channel only. Going forward the acquisition of multi-channel data in key areas would provide an 
opportunity to add value and enhance this shallow seismic dataset and provide greater understanding 
of the inherent complexities of the subsurface.

Data integration is key to unlocking the power of the INFOMAR products. All available data needs to 
be combined to identify potential ‘sweet spots’ for ORE development. CPTs and cores are currently 
outside the scope of work for the INFOMAR programme. These are needed when attempting to refine 
the ground model and progress the development of an ORE project. It is essential to correlate the 
seismic response with hard geological data to validate the geophysical model to facilitate detailed 
design work for offshore turbines. 



04

There are other additional sources of relevant information and knowledge that complement the                         
INFOMAR programme and can assist with the development of an ORE industry in Ireland. For example, 
the Petroleum Affairs Division (PAD) holds a wealth of additional information that is of benefit to the 
ORE sector.  It has a vast amount of geological and geophysical data that when integrated with the 
existing INFOMAR and GSI products proves to be an immensely powerful tool to enhance the                           
understanding of the subsurface and refinement of ground models. 

Often problematic seabed conditions and shallow hazards can relate to the deeper geology.  The 
Celtic and Atlantic Array case studies featured in this report are examples of two lost projects which 
were abandoned or compromised due to challenging ground conditions that made the projects 
economically unviable to develop. It is imperative to have full knowledge of the regional and localised 
geology, bathymetry and the interplay between the tectonics and the seafloor before commissioning 
an offshore development to avoid unsuitable site selection.

The INFOMAR products have already proved valuable for the ORE sector in Ireland, particularly in the 
scoping phase as these datasets high grade areas for offshore development. The bathymetric and 
backscatter products are excellent and the SBP data variable. There are limitations as they only offer 
a snapshot in time and not a dynamic understanding of the sedimentary processes on the seabed. 
However when integrated correctly they do offer a good baseline from which to build an ORE                                
development project from.

A wide range of stakeholders across the ORE sector were contacted for the compilation of this report. 
An opportunity to support the immediate growth of the industry in Ireland clearly exists through the 
constructive and collaborative development of relationships between the INFOMAR programme and 
ORE stakeholders. This would also afford the opportunity to advance research, knowledge and                       
learning activities within the State through ongoing exchange of knowledge and information as the 
industry collects and collates valuable data in the years ahead leading to a lasting mutually beneficial 
engagement between them. Stakeholder mapping and subsequent stakeholder engagement are 
needed to fully realise the potential of Irelands ORE sector.  Amongst the recommendations of this 
report is the facilitation of a stakeholder workshop through the INFOMAR programme aimed at                          
ensuring that maximum value is extracted from available data resources at this key juncture in the 
development of Ireland’s ORE Sector.
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1. Introduction and Scope of Work

A. Rationale for commissioning of report
Geological Survey Ireland (GSI) is a Division of the Department of Environment, Climate and                                   
Communications (DECC) and is Ireland’s national Earth Science Agency.  INFOMAR (Integrated                          
Mapping For the Sustainable Development of Ireland’s Marine Resource) is the national seabed                        
mapping programme managed jointly by Geological Survey Ireland and the Marine Institute.  The 
Marine and Coastal Unit of Geological Survey Ireland has responsibility for the delivery and                                         
management of several important projects which includes joint management of the INFOMAR 
programme.  A review of the information and data requirements of the Offshore Renewable Energy 
(ORE) Sector in the context of data, products, and services available through the INFOMAR 
programme was commissioned because:  

The INFOMAR programme sees the need to address relevant nationally policy drivers that will help 
shape the ORE landscape in Ireland in the coming years and beyond. Specifically, The DECC Climate 
Action Plan 2019, the Programme for Government 2020 and Harnessing our Ocean Wealth 2012 – an 
integrated marine plan for Ireland.

Action 26 of the Climate Action Plan 2019 calls for the completion of the INFOMAR programme in 
support of site selection for ORE and the technology demonstration pathway.

Action 23 of Harnessing Our Ocean Wealth 2012 calls for the completion of the INFOMAR programme 
to provide data, products, and services as critical inputs to MSP and enablers of infrastructural                                
development, research, education, and value-added products.

The current Government have announced their intention to increase offshore wind targets from 3.5GW 
to 5GW by 2030. They have also announced plans to explore the offshore renewable potential along 
the Atlantic West coast, committing to release a long-term plan to generate at least 30GW of                         
renewable electricity by 2050. These targets are ambitious and for them to be met the key                     
stakeholders from government and industry need to be pulling together in the same direction. 

Progression and enactment of the new Marine Planning and Development Management Bill (MPDM) 
continues to be delayed; however, the new Government has pledged to give priority to the final drafting 
of the Bill.

(i) National Policy Drivers
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Once enacted, the bill will provide the legislative basis for project development within, and beyond, the 
12 nautical mile territorial sea limit thereby providing access to large areas of seabed previously                      
inaccessible. The DECC and the Department of Housing Planning and Local Government have 
announced that seven Irish offshore wind projects have been designated as “Relevant” projects in the 
context of the forthcoming bill and will automatically be entitled to receive a 'Planning Interest' under 
the new MPDM when enacted.  The Government have since cemented the position of these Relevant 
Projects by arranging in January 2020 for the Commission for Regulation of Utilities to direct the State 
owned EirGrid plc to fast track the processing of grid application for these Relevant Projects.  

There are currently approximately 12GW of projects within Irelands’ offshore wind pipeline, despite the 
slow start, the market signals being given to 2050 are strong and will need to be facilitated by future 
interconnector development, grid evolution, infrastructure and supply chain investment. Previous 
INFOMAR programme engagement with industry has occurred on an ad-hoc basis and this review is 
important to ascertain the data requirements of the ORE sector at all stages of development. 
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Ireland’s offshore territory has an estimated area covering over 652,000km2 equivalent to eight times 
the Irish landmass area. It is Ireland’s largest single natural resource, with significant potential for 
sustainable development. The Irish National Seabed Survey (INSS) operated from 1999-2005 and was 
the precursor which laid the foundations from which the INFOMAR programme has built upon.

INFOMAR aims to provide comprehensive and accessible integrated marine datasets for Irish waters 
that underpin and add value to marine research, SOLAS Convention obligations and government 
policy.
Ireland was the first country in the world to proceed with such an extensive mapping project of nation-
al marine territories. INFOMAR has achieved global recognition in its endeavour to systematically map 
the seabed of its entire marine territory, and to unlock and sustainably manage the associated                                     
resources. The INFOMAR programme team which is jointly operated by the Geological Survey Ireland 
(GSI) and Marine Institute (MI) aim to complete Ireland’s seabed mapping by end 2026, potentially 
being the first country in the world to do so.

(ii) INFOMAR Programme Strategy

Key drivers for the programme are 

Exploration to achieve 
knowledge and                            

understanding of this 
complex system.

Resource assessment to 
determine living and 

natural resource                          
distribution. 

Protection to conserve 
sensitive habitats and 

predict marine and 
coastal risk.

Governance support to 
legislate and manage 
coastal and offshore 
Ireland and support 

maritime spatial 
planning.

A B C D



INFOMAR’s open data policy which 
contains bathymetric maps and 
various products provide an essential 
toolkit for Ireland’s ORE sectoral   
development, in particular site                          
selection, subsea infrastructure, and 
landfall. These products will be 
looked at in detail in chapters 3 and 4.
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Fig 1.1 High Resolution Data – Wreck of the MV Kowloon Bridge (RV Geo 2019)

B. ORE in Ireland
(i) Present Market and Development Potential

It is envisaged that ORE development 
in Ireland will begin in the Irish sea 
where water depths are relatively shal-
low and the sea conditions are more 
benign before moving to the next 
phase in the Celtic sea and then lastly, 
as the technology evolves, into                        
Atlantic on the West Coast. Fixed 
Monopiles evolving to the deep 
offshore in the West of Ireland using 
oil industry

technologies such as TLPs, Semi Subs and SPARS. The technology is developing rapidly in this area 
and is something this report will touch on in Chapter 2 of this report. Hydrogen will also have an                     
important role to play in the future energy mix as we build towards a low carbon future. The ‘Eirwind 
blueprint for offshore wind in Ireland 2020-2050’ published in June 2020 is a comprehensive report 
that touches on many of these topics.

Currently Ireland has a huge dependency on importing fossil fuels to meet its energy demands. The 
table in Fig 1.2 shows the total final consumption by type. Whilst the renewable industry has been 
growing, particularly onshore, development in the offshore has been relatively stagnant. The 25MW at 
the Arklow bank is the total power generation offshore at present. For the targets set in the 
programme for government to be met by 2030 there needs to be a paradigm shift. Ireland has the 
potential to generate multiple gigawatts from the ORE sector and by developing this industry it can 
secure it energy independence for the long term.

Fig 1.2. Total final consumption by type: Source SEAI
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Fig 1.1 High Resolution Data – Wreck of the MV Kowloon Bridge (RV Geo 2019)

The GSI and MI are key statutory consultees for the development of the ORE sector and the INFOMAR 
programme will provide essential datasets and products which will support the development of 
various offshore projects.

There is a need from the ORE sector for a wide range of geological and geophysical datasets that they 
can use to allow for the construction and refinement of ground models in potential areas for                                            
development. It is extremely important to know what sedimentary processes are active on the seabed, 
what sediments are beneath the seafloor, how these vary across an area, what is the depth to bedrock, 
and what tectonic stresses and strains there are to have an accurate understanding of the engineering 
risks early on and to help facilitate the Front-End Engineering Design (FEED).  Failure to do so can lead 
to lost or abandoned projects, examples of which are in chapter 6.

The INFOMAR products in their present form can be used as a baseline from which to build early-stage 
models. The geophysical ground model will require validation and confirmatory testing using intrusive 
geotechnical campaigns. This will mean acquiring borehole location and seabed CPTs. This                         
information will be required prior to submission of any Environmental Impact Assessment (EIA) and 
will also be required to facilitate more detailed engineering. Targeted seabed-sampling as part of a 
wider geotechnical campaign would also enable better understanding of seabed distribution and 
assist with future sediment dynamics studies.

At some point additional site-specific geophysical and geotechnical surveys will have to be                              
undertaken and carried out prior to any construction in the installation phase. Time lapse (repeat aka 
4D) bathymetric surveys will be required to understand if the sediments in a specified area have 
moved over time and if so at what rate as this has implications for seabed stability. ORE geophysical 
data will need to be high quality in signal to noise ratio (SNR), high density with regard sampling,             
exhibit redundancy, and future datasets will be more localised to site-specific locations.

(ii) Need and Requirements

This report has the opportunity to ensure the enhanced engagement between the key stakeholders in 
the ORE industry in Ireland. There seems to be a strong will from both the policy makers and industry 
to ensure that this happens, targets have been set by the current government and the European Union 
and for them to be achieved action needs to happen now. Given this backdrop, the commissioning of 
this project is timely and will be extremely useful in supporting the development of the ORE sector. The 
INFOMAR seabed mapping programme will play an essential part in ensuring the successful                                          
developments of these projects.

C. Aim and Objectives
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2. ORE Sectoral Development in Ireland

In 2014 the Department of Communications, Energy and Natural Resources (now the Department of 
the Environment, Climate and Communications (DECC)) published Ireland’s Offshore Renewable 
Energy Development Plan - A Framework for the Sustainable Development of Ireland’s Offshore                              
Renewable Energy Resource.

(B) OREDP

(A) Relevant Projects in 
the Irish Sea

depth, will see a concentration of offshore wind development in the Irish Sea.

In May 2020, seven offshore wind                             
development projects were given ‘relevant 
project’ status in the context of the forthcom-
ing Marine Planning and Development                          
Management Bill to be enacted. The draft 
transition protocol defines relevant projects as 
(a) offshore wind projects which applied for 
and substantially advanced, or were granted a 
lease, under the Foreshore Act 1933; and/or 
(b) offshore wind projects which have a valid 
connection agreement from EirGrid or are 
confirmed by EirGrid as eligible to be 
processed to receive a valid connection offer. 
Developers of ‘relevant projects’ will be                                         
facilitated over earlier stage projects when the 
new offshore consenting regime comes into 
play. Depending on the outcome of their                          
progression through the planning process, the 
seven relevant projects have the potential to 
deliver 3.8GW as part of Ireland’s strategy to 
deploy 5GW of offshore wind between now 
and 2030. This, together with the natural 
resource, proximity to market, availability of 
grid, and water

Fig 2.1: Map of Ireland highlighting ‘relevant’ 
foreshore license applications.



This Plan established a framework for the sustainable development of Ireland’s offshore renewable 
energy (ORE) potential and identifies the opportunities for:
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Following a public consultation, an Interim Review of the OREDP was published in May 2018 and 
currently an ORDEP2 is being discussed. The drivers for ORDEP2 are that there is now more data                    
available than ever before. That there have been technological advances such as floating wind, wave, 
tidal and other emerging technologies, and there is a need to identify areas for future ORE                                    
development that will underpin the designation of Strategic Marine Activity Zones (SMAZ) under the 
Marine Planning and Development Management Bill (MPDM) which is hoped to be enacted in 2021.

Irelands sole producing source of offshore wind is the Arklow Bank Wind Park. This is a 25-megawatt 
offshore wind farm generating electrical power for the Wicklow region in Ireland. It is the first offshore 
wind farm in Ireland, and the world's first erection of wind turbines rated over 3 MW. It is located on the 
Arklow Bank, a shallow water sandbank in the Irish Sea, around 10 kilometres off the coast of Arklow. 
It consists of seven wind turbines with a capacity of 25.2 MW. The turbines have a height of 73.5 
metres and height to top of blade of 124 metres. 

(C) Offshore Wind - Current Developments in Ireland 
– Arklow Bank

the sustainable 
development of 

Ireland's abundant 
offshore renewable 

energy resources

to increase 
indigenous 

production of 
renewable                
electricity

to contribute to 
reductions in our 
greenhouse gas 

emissions

to improve the 
security of our 
energy supply

creating jobs in the 
green economy

The OREDP also sets out key principles, policy actions and enablers for delivery of Ireland's 
significant potential in this area.

Action 1: Put in place a robust Governance Structure for the OREDP
Action 2: Increase Exchequer Support for Ocean Research, Development and Demonstration
Action 3: Introduce Initial Market Support Tariff for Ocean Energy
Action 4: Develop Renewable Electricity Export Markets
Action 5: Develop the Supply Chain for the Offshore Renewable Energy Industry in Ireland
Action 6: Communicate that Ireland is Open for Business
Action 7: Explore Potential for International Collaboration
Action 8: Introduce a New Planning & Consent Architecture for Development in the Marine Area
Action 9: Environmental Monitoring
Action 10: Ensure Appropriate Infrastructure Development
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Phase 2 of the Arklow Bank Wind Park is planned to be located on and around the Arklow Bank,              
approximately 6 to 13 km from the shore. The 520MW project is the next phase of wind energy                        
development at Arklow Bank. The foreshore lease area for the wind farm covers an area of seabed 
approximately 27 km long and 2.5 km wide. SSE are exploring several different turbine models and 
layouts with a maximum number of 76 turbines and a maximum tip height of 197m. It is hoped the 
project will power almost 450,000 homes annually and offset over half a million tonnes of carbon    
emissions each year.

The blade length is 50.5 metres and each 
turbine has three blades and each turbine 
weighs 290 tonnes. They use steel monopile 
foundations driven in by a hydraulic 
hammer. They are spaced 600 metres apart.                                 
The generated electricity is fed to a                                    
distribution grid through the Arklow                                
National Grid Substation. Phase 1 is owned 
and operated by GE Energy under a sublease 
to the foreshore lease and remains the first 
and only operational offshore wind farm in 
Ireland.

Fig 2.2: Turbines on the Arklow Bank

Fig 2.3: SSE Arklow Project Illustration: Source SSE
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Whilst Ireland is in its infancy with offshore wind development the UK is viewed as a world leader. The 
industry is in a much more mature stage with developments such as the Dogger Bank project pushing 
the envelope in the sense of scale.

The Dogger Bank Wind Farm is an offshore wind farm being developed in three phases – Dogger Bank 
A, Dogger Bank B and Dogger Bank C – located between 130km and 190km from the North East coast 
of England at their nearest points. Collectively they will become the world’s largest offshore wind 
farm. Each phase will have an installed generation capacity of up to 1.2GW and represents a multi-bil-
lion pound investment. Combined, they will have an installed capacity of up to 3.6GW and will be capa-
ble of powering up to 6 million homes.

Dogger Bank is an isolated sandbank within the central to southern North Sea spanning UK, German, 
Danish and Dutch waters. The Dogger Bank Offshore Development Zone, located between 125 and 
290km off the east coast of Yorkshire, extends over approximately 8660km² and water depths range 
from 18m to 63m.  Dogger Bank A and B, with a combined generation capacity of up to 2.4GW, will 
connect in to the existing Creyke Beck substation near Cottingham in the East Riding of Yorkshire. The 
subsea export cables will make landfall to the north of Ulrome, where around 30km of underground 
cables will take the electricity to converter stations near to Cottingham before passing through the 
adjacent Creyke Beck substation on to the National Grid. Dogger Bank C, also with an installed                          
generation capacity of up to 1.2GW, has a development area of around 560km2, and is 196km from 
shore.

Comparable Developments Internationally - Dogger Bank UK

Fig 2.4: Location of Dogger Bank A, B & C. Image doggerbank.com
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The installation of the turbines at Dogger Bank A and B will require the use of specialist installation 
and support vessels. The monopile foundations will be installed in the seabed with a transition piece 
fitted, providing a stable and secure platform on to which the turbines can be fixed. Once fabricated, 
the turbine components will be loaded aboard the Voltaire, the world’s largest specialist heavy lifting 
jack up vessel, and shipped to the wind farm for installation and commissioning.

Dogger bank is a joint venture partnership between SSE 40%, Equinor 40% and ENI 20%.

benign, followed by the Celtic Sea and finally on the Atlantic West coast. Therefore, a variety of design 
concepts will be needed, and the appropriate structure constructed depending on the localised                              
conditions. Below are the basic foundations that are used for fixed offshore installations. 

When developing an offshore                       
windfarm there are many different 
foundation designs that can be used 
depending on water depth and the 
underlying stratigraphy. Fig 2.5          
highlights the various designs that 
are available and their evolution 
towards deeper water depths. In 
Ireland it is envisaged that offshore 
wind will be developed in a phased 
approach. Beginning in the Irish sea 
where water depths are shallow and 
metocean conditions are relatively

Fig 2.5: As water depth increases different types of foundations 
are needed. Figure J. Schneider

Foundation Design for Offshore Installations

Steel tubular structures, between 40 m and 80 m in length, embedded in the ground using large                      
hammers and if necessary, drills. Tubular sections are rolled from steel plate then welded together. A                 
transition piece, consisting of more complex welded steel sections, usually acts as the interface 
between the monopile and the turbine, although designs have emerged without the transition piece.

Monopiles

Jackets most commonly have three or four legs and are affixed to the seabed using piles of around 
1.5 to 3 m diameter. These can be pre-piled, and the jacket lowered on subsequently, or post-piled, 
through the sleeves at the base of the positioned jacket. They are similar in design to the jackets used 
in the offshore oil and gas industry, although the manufacturing requirements are quite different. As a 
result, the main R&D focus in offshore wind is through standardisation and process optimisation. 
Typical size of a jacket for a 6 MW turbine is around 600 - 800 tonne.

Jacket Foundations
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Gravity base foundations (GBS) are large structures made from reinforced concrete that use sheer 
weight, including ballast, to provide stability to the turbines. These structures can be over 3,000 tonne 
and have a footprint of 30 m or more. GBSs can be broadly categorised into either ‘lifted’                                                    
concepts - where the structure is installed, often with the turbine pre-installed, using a specialist                                
installation vessel, or ‘floating’ concepts - where the GBS is floated out and then installed by sinking 
the structure to the seafloor.
A variety of factors must be considered when choosing the correct foundation type, water depth,             
gravity load, seabed substrate, and subsurface complexity. The foundation provides support for the 
wind turbine and the design can be a complex engineering process. 

Gravity Based Foundations

(D) Future ORE Technological Developments 

Technological advances have allowed for the ORE sector to look further offshore in water depths                          
previously unattainable.  Semi Subs, TLPs and Spars have long been used in the offshore oil and gas 
industry and have now been adapted for offshore wind development.

A floating wind turbine is an offshore wind turbine mounted on a floating structure that allows the 
turbine to generate electricity in water depths where fixed-foundation turbines are not feasible.                       
Floating wind farms have the potential to significantly increase the sea area available for offshore 
wind farms, especially in countries or areas with limited shallow waters such as the Irish Atlantic 
coast. Locating wind farms further offshore can reduce visual pollution, provide better accommoda-
tion for fishing and shipping lanes, and reach stronger and more consistent wind speeds. 

Most wind turbines today are fixed to the seabed, so-called bottom-fixed, in waters less than 60 
metres deep. Floating turbines can be placed almost anywhere where the water is deeper than 60 
metres, harnessing the best wind resources and opening new sites to power generation. The next 
generation of offshore wind turbines are designed to float further out to sea, where winds are stronger 
and the water depths make bottom-fixed designs uneconomic.

Some pilot floating wind projects have been utilising oil field technologies and adapting them for the 
ORE industry. Principle Power have been a global leader in floating wind and one of the first movers. 
They are using their proprietary Windfloat technology, which is a semi-submersible, three column                  
floater hosting any market standard wind turbine generator. They are responsible for the world’s 
second full-scale floating wind turbine Windfloat-1 which demonstrated proof of concept offshore 
Portugal. 

(i) Floating Wind
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Fig 2.6: Image courtesy of Principle Power

Fig: 2.7 Schematic Diagram of Hywind Scotland. Source Equinor

Fig 2.8: Planned Emerald Project. Map courtesy of Simply Blue.

WindFloat is the first floating technology to be 
bank-financed which they have achieved for the 
Wind Float Atlantic project. This is an important 
step as the technology is moving from conceptual 
to proven. Equinor’s Hywind floating design is 
another example of large scale floating turbines 
that are free from being fixed on the seabed. A 
number of turbines are already in production and 
have test sites in Scotland and Norway. Hywind is 
based on a spar buoy design and its great stability 
is provided by gravity. Semisubmersible floaters 
rely on buoyancy instead, while TLP are stabilized 
by the tension in the mooring system. Floating 
wind turbines are moored to the seabed with                             
multiple mooring lines and anchors, in much the 
same way that a floating oil platform is moored. 
Equinor's proprietary floating wind turbine motion 
controller uses sensors and computers to                          
regulate the turbine blades in relation to the wind 
gusts, dampening tower movements, reducing 
strain on the moorings and maximising electricity 
production

Floating wind appears to be the next major                          
technological advance in the ORE sector. It will 
allow previous stranded resources to become 
accessible and open up the green economy 
further. In Ireland, the government have 
announced plans to explore the offshore                                   
renewable potential along the Atlantic West coast, 
committing to releasing a long-term plan to gener-
ate at least 30GW of renewable power by 2050. 
For this to be realised floating wind technologies 
will have to be adopted by the ORE sector, an        
evolution that is already taking place as                                
companies like Simply Blue and DP Energy are 
exploring the offshore potential in the south and 
west coasts.
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Hydrogen technological development is advancing rapidly and can be split into many sub categories. 
However, the two main categories that it can be looked at for ORE development are blue and green 
hydrogen. 

Blue hydrogen (Fig 2.9) is derived from natural gas through the process of steam methane reforming 
(SMR). SMR mixes natural gas with extremely hot steam, in the presence of a catalyst, where a                     
chemical reaction creates hydrogen and carbon monoxide. Additional water is added to the mixture 
converting the carbon monoxide to carbon dioxide and creating more hydrogen. The carbon dioxide 
emissions produced are then captured and stored underground using Carbon Capture, Utilization and 
Storage (CCUS) technology leaving nearly pure hydrogen. When used with CCUS, blue hydrogen 
produces nearly zero emissions. 

(ii) Hydrogen

Fig 2.9 Hydrogen and Carbon Capture and Storage. Source Element Energy

Blue Hydrogen and Carbon Capture & Storage

Situated in the Celtic Sea off the south coast of Ireland, the Emerald Project, proposed by Simply Blue 
Energy Ltd., will utilise Principle Power’s cutting edge Floating Offshore Wind (FLOW) technology, 
WindFloat®, to construct a wind farm which, upon completion, will have a total capacity of up to 1 GW. 
The project envisions the transformation of the maritime landscape in the vicinity of the Kinsale gas 
field into a zone to produce clean, renewable offshore wind energy.
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Green hydrogen is the production of hydrogen from renewable energy through electrolysis. It is a 
process that splits water into its basic elements – hydrogen and oxygen – using an electric current. 
The electricity used in the process comes from renewables. Clean water is pumped into the                       
electrolyser and the water is split by an electric charge into hydrogen and oxygen. The oxygen is 
released into the atmosphere or utilized. The hydrogen is captured and can be used either directly or 
 combined with (bio)  carbon or nitrogen to make it easier to transport. Hydrogen has a particular 
advantage in industry as a source of energy for high-temperature  processes, such as those used in 
steel, cement, refining and petrochemicals sectors.

Green Hydrogen is gaining momentum to commerciality as BP plans to take its first steps into the 
green hydrogen market alongside the offshore wind developer Ørsted by developing a hydrogen 
project at one of its refineries in Germany. The energy companies plan to create the clean-burning gas 
by using renewable energy, generated by Ørsted’s North Sea wind farms, to split water into hydrogen 
and oxygen at BP’s Lingen refinery from 2024.The refinery will host an industrial-scale.

Electrolyser with an initial capacity of 50 megawatts which is capable of producing enough of the 
green gas to replace a fifth of the refinery’s existing hydrogen demand, which relies on fossil fuels.

The Kinsale Gas field situated off the south coast is currently being decommissioned and could make 
an interesting feasibility study site as to the appropriateness for it as a CCUS site and potential Blue                          
Hydrogen project. 

Green Hydrogen 

Fig 2.10: How green hydrogen works. Image from ORE Catapult UK.
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Wave energy has the potential to be the largest source of clean energy.  Wave energy technologies 
capture the movement of ocean and sea waves and use it to create energy – usually electricity. The 
energy created depends on the speed, height, and frequency of the wave, as well as the water density. 
The size of the waves generated will depend upon the wind speed, its duration, and the fetch of water 
over which it blows, seafloor bathymetry and currents.

The Government’s Offshore Renewable Energy Development Plan estimates there is the potential to 
develop more than 12.5 gigawatts of wave energy capacity off the Irish coast, however wave energy 
technology is not as mature as wind and it may take some time for this to be realised. 

Tidal streams are created by the constantly changing gravitational pull of the moon and sun on the 
world’s oceans. Tides never stop, with water moving first one way, then the other, the world over. Tidal 
stream technologies capture the kinetic energy of the currents flowing in and out of the tidal areas. 
Since the relative positions of the sun and moon can be predicted with complete accuracy, so can the 
resultant tide. It is this predictability that makes tidal energy such a valuable resource.

In the coming decades, hydrogen is expected to play a critical role in decarbonising power, industry, 
and transport sectors, especially those that are hard-to-electrify or  expensive-to-electrify. The                           
development of businesses in emerging technologies such as  hydrogen and carbon capture use and 
storage (CCUS) are an integral part of  transforming to a low carbon society. 

The highest (spring) tidal ranges are generated 
when the sun, moon and earth are in line. 
Water flows in greater volumes when attracted 
by this combined gravitational pull. The lowest 
(neap) tidal ranges are generated when the 
sun, moon and earth describe a right angle. 
The split gravitational pull causes water to flow 
in lesser volumes. The Lir National Ocean Test-
ing Facility at Ringaskiddy is the primary 
testing facility for, tidal and wave energy devic-
es in Ireland. The Marine Institute is collaborat-
ing with SEAI, MaREI (UCC) and SmartBay 
Ireland to develop a national test and                   

demonstration facility in north Galway Bay, near Spiddal. This 1/4-scale ocean energy test site is for 
marine energy and technology.

(iii) Wave and Tidal

Fig 2.11 A Wavebob prototype in Galway Bay. 
Source Connacht Tribune
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Geothermal energy refers to the heat energy                                 
generated and stored in the Earth. This energy can be 
transferred from there and used to heat homes and in 
some cases produce electricity. Geothermal energy is 
spilt into shallow and deep. It is an energy source that 
is being researched extensively onshore and Ireland 
has excellent shallow geothermal energy potential as 
our shallow groundwaters provide a stable resource 
of thermal energy. The GSI  and others are doing a lot 
of research into this.

Offshore geothermal energy is less mature than its 
onshore counterpart, however this is an area that is 
evolving. The Aquarius North Sea Geothermal                             
Consortium was launched in October 2020 and is an 
international group composed of dCarbonX Ltd, 
ZeGen Energy Ltd & Ross DK A/S. It is focussed on 
exploring and developing the deep offshore                                        

There are more than 50 wells in the region with a geothermal gradient more than 50°C/km, the highest 
being 147°C/km. Heat from these wells could be employed to generate electricity on board the 
platform that could in turn be routed to the UK’s national grid via subsea cables.

In Ireland the Petroleum Affairs Division (PAD) have a large database of all wells drilled offshore 
Ireland. Many of these contain valuable information on the bottom hole temperatures and when used 
with the offshore seismic datasets will allow for accurate burial history and thermal calibration.  Gas 
fields such Corrib and Kinsale - which is now being decommissioned may offer good potential for 
geothermal energy projects.

geothermal resources by using existing infrastructure from the oil and gas platforms that would other-
wise be decommissioned.

(iv) Geothermal

Fig 2.12: Repurposing oil wells to geothermal wells to 
produce power: Source Petrolern



23

areas in Ireland where this could be feasible.  This technique is currently the most cost-effective 
means of storing large amounts of electrical energy, but capital costs and the environmental impact 
are critical decision factors in selecting pumped-storage plant sites. Pumped-storage is a major 
contributor to the energy mix globally, it currently accounts for 95% of all utility-scale energy storage 
in the United States as it gives round trip efficiencies of 75-80%.

A new study by independent researchers from Imperial College London has found that 4.5GW of long 
duration pumped hydro storage with 90GWh of storage could save up to £690m per year in energy 
system costs by 2050, in  the UK as it transitions to a net-zero carbon emission system.

It is easy to recognise the sustainability benefits of using a storage solution such as pumped hydro to 
help further enable the decarbonisation of the grid through a greater uptake of renewable energy. How-
ever, these storage solutions that enable more renewable energy must also be sustainable and their 
environmental impact thoroughly assessed. 

(V) Pumped Hydro

Pumped hydro storage involves pumping water 
from a lower reservoir to a higher reservoir when 
energy being produced is cheaper or in excess. In 
peak periods, the water can be released                                 
downwards to run a turbine, which then generates 
electricity. Pumped-storage hydroelectricity 
allows energy from intermittent sources (such as 
solar, wind) and other renewables, or excess 
electricity from continuous base-load sources 
(such as coal or nuclear) to be saved for periods 
of higher demand. The geography must be                
suitable for these projects, with hilly terrain of 
approx. 300m situated close to the coast being 
ideal. There are several potential

Fig 2.13: Illustration of how pumped hydro works: Source 
Energy Storage News



Summary
In May 2020 seven offshore wind development projects have been given ‘relevant’ project 
status. Offshore wind projects that qualify as 'Relevant Projects' will be entitled to receive a 
'Planning Interest' under the new MPDM when enacted. A Planning Interest is the first 'gate' in 
the proposed new marine planning process and will be a pre-requisite for all offshore                          
renewable energy planning applications to the Irish planning authority (An Bord Pleanála). 

Of these Arklow bank is the sole producing source of offshore wind in Ireland.  It consists of 
seven wind turbines with a capacity of 25.2 MW. Phase 2 of the Arklow Bank Wind Park is 
planned to be located on and around the Arklow Bank, approximately 6 to 13 km from the 
shore. The 520MW project is the next phase of wind energy development at Arklow Bank.

Irelands ORE industry is in its infancy and a lack of progression is down to a variety of factors, 
the most critical being the consenting process. It is hoped the new MPDM bill will act as a              
catalyst for the advancement of the sector here.  

In Ireland it is envisaged that offshore wind will be developed in a phased approach. Beginning 
in the Irish sea where water depths are shallow and metocean conditions are relatively benign, 
followed by the Celtic Sea and finally on the Atlantic West coast.

Technological advances have allowed for the ORE sector to look further offshore in water 
depths previously unattainable. Floating wind appears to be the next major advancement in the 
sector. Floating turbines can be placed almost anywhere where the water is deeper than 60 
metres, harnessing the best wind resources and opening new sites to power generation. It will 
allow previous stranded resources to become accessible and open up the green economy 
further. 

Hydrogen is viewed as the fuel of the future and is expected to play a critical role in                              
decarbonising power, industry, and transport sectors, especially those that are hard-to-electrify 
or  expensive-to-electrify.

Wave and Tidal energy have the potential to be the largest source of clean energy however the 
LCOE on these is high presently and these are emerging technologies rather than proven.

Offshore geothermal energy is less mature than its onshore counterpart, however this is an 
area that is evolving. The repurposing of existing oil and gas wells would make an interesting                
feasibility study to see if this is a viable energy source for offshore Ireland.

Intermittency on the grid is an issue faced with renewable energy. The grid operator will need 
to balance the load and storage capacity becomes important. Pumped hydro projects can offer 
a solution to this and is used in many countries. It can be expensive to construct these projects 
and they require a lot of capital upfront, however the long-term savings can be considerable.

24
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(A) Programme Background

3. The INFOMAR Seabed Mapping Programme
as a support to ORE in Ireland.

INFOMAR (Integrated Mapping for the Sustainable Development of Ireland’s Marine Resource) is a 
twenty-year programme to map the physical, chemical, and biological features of Ireland’s seabed.  
INFOMAR is funded by the Department of the Environment, Climate and Communications (DECC), and 
delivered by joint management partners Geological Survey Ireland and the Marine Institute. The 
programme has placed Ireland centre-stage as global leaders in marine stewardship, seabed mapping 
and development of marine resources.

Since 1999 the waters around Ireland have been acoustically surveyed in a joint venture between the 
Geological Survey of Ireland (GSI) and the Marine Institute. INFOMAR aims to provide comprehensive 
and accessible marine datasets for Irish waters that underpin and add value to marine research, 
SOLAS Convention obligations and government policy.  These products will foster growth within the 
national blue economy, maintain the health and integrity of our natural marine environment while facili-
tating international collaboration and best practice in the sustainable development of Ireland's marine 
resource.

The program delivers a wide range of benefits to multi-sectoral end-users across the economy with an 
emphasis on enabling key stakeholders.  Demonstrated applications for the use of INFOMAR's suite 
of mapping products include:

ORE Project 
Development

Oil & Gas 
Exploration

Infrastructure 
Development

Environmental 
Monitoring

Coastal
Behaviour

Shipping & 
Navigation

Fisheries 
Management

Aquaculture Marine Leisure 
& Tourism
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The INFOMAR programme has 7 vessels which carryout operations for the mapping of the Irish 
seabed. Two of these the R.V. Celtic Explorer and the R.V. Celtic Voyager are operated by the Marine 
Institute. The remaining five the R.V. Mallet, R.V. Keary, R.V Lir, R.V Geo, and R.V. Tonne are operated 
by the Geological Survey Ireland and are smaller vessels that operate in shallower water depths to 
map areas of the seabed that are more difficult to access due to being more proximal to the coastline.
The RV Celtic Explorer seen in figure 3.1, is a multi-purpose research vessel, operated by the Marine 
Institute, and is the larger of the two MI vessels. It came into service in 2003 and is designed for               
fisheries acoustic research, oceanographic, hydrographic, and geological investigations as well as 
buoy/deep water mooring and ROV Operations.

The RV Keary, seen in figure 3.1, is the second largest of the inshore research vessels run by the 
Geological Survey Ireland. The vessel is 15.5 m in length with a 2.1 m draught and is permanently 
fitted with state of the art hydrographic and geophysical equipment. The RV Keary facilitates the 
collection of hydrographic and geophysical data but has also been used as a diving platform during 
archaeological investigations.

(i)Acquisition

(B) Programme Areas 

The first phase (2006-2016) is now complete, and we are beginning to see how this knowledge has the 
potential to offer benefits for the various stakeholders in Irish waters. A range of diverse navigational, 
environmental, and international legislative obligations must also be addressed.  Whilst the 
programme has made great progress mapping Irelands extensive offshore territory. There remains a 
crucially important body of work to follow in mapping our valuable inshore and offshore waters before 
the programme completion in 2026. 

Fig 3.1 R.V. Celtic Voyager and R.V. Keary. Source INFOMAR.
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During the current year of the second phase of INFOMAR (2016-2026), operations are planned to take 
within the following bays, harbours, and offshore areas…

Celtic Sea & Atlantic Coast: Survey effort will take place in an inshore area from The Old Head of 
Kinsale, County Cork to Cape Clear Island, County Cork and offshore to the 30 nautical mile limit along 
the same stretch of coast. A second offshore area is located southwest of Mizen Head and a western 
inshore area includes Dunmanus Bay, Bantry Bay, Kenmare River and adjacent headlands and islands.

R.V.’s Keary, Geo, Lir and Mallet Areas

Celtic Sea: extending coverage south of Cork immediately south of the 30Nm and a second area south 
of this which is adjacent to and north of the proposed R.V. Celtic Explorer area.

Celtic Sea: extending coverage to the southern extent of the Economic Exclusive Zone along the      
UK-Ireland median line.

Data acquisition methods will include hydrographic and geophysical survey, and geological ground 
truthing using grab samplers.

R.V. Celtic Voyager Areas

All survey legs are designed to meet                      
International Hydrographic Organisation 
(IHO) Special Publication (S-44) Order 1a. 
The objective for the surveys is to acquire 
high resolution Multi Beam Echo Sounder 
(MBES) bathymetry and backscatter data 
within the designated survey areas.                      
Additional Sub Bottom Profile (SBP) data 
is also acquired in the form of Chirp, 
Pinger and occasionally Sparker datasets.

Survey downtime and standby can account for a large proportion of the overall acquisition period and 
needs to be carefully planned for in advance of any survey programme. This can have significant cost 
and time saving benefits.

Fig 3.2: An example of typical breakdown of survey statistics 
during acquisition. Source INFOMAR.
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Validation of the mechanism for applying GNSS tides and verification of the VORF model’s value for 
LAT are carried out by the INFOMAR programme as required on a case by case basis. Figure 3.3 
provides a basic illustration of the reduction of soundings data using the UKHO VORF model value for 
LAT.  

Survey Datum, GNSS Tides and VORF Model 

Fig 3.3: VORF-GNSS Reduction of Soundings 

INFOMAR Programme Coverage

The map in Fig 3.4 highlights on a regional scale 
what bathymetric data has been acquired to date by 
the INFOMAR programme. This is an extensive area; 
however, large data gaps are visible, particularly in 
the South, West, and Northwest.

Fig 3.4: INFOMAR Survey Coverage: Bathymetry Map
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INFOMAR Programme Coverage

The map in Fig 3.5 highlights on a                         
regional scale what backscatter data has 
been acquired to date by the INFOMAR 
programme. This is an extensive area; 
however, large data gaps are visible, 
particularly in the South, West, and North-
west

The map in Fig 3.6 highlights on a regional scale 
what SBP data has been acquired to date by the 
INFOMAR programme. This has not been as    
extensively acquired as the bathymetry and    
backscatter with 158 of 270 surveys having 
acquired SBP data.

Fig 3.5: INFOMAR Survey Coverage: Backscatter Map Fig 3.6: INFOMAR Survey Coverage: Sub Bottom Profile Data

The primary aim of INFOMAR as a marine mapping project is to describe the physical features of the 
seabed. This includes the measurement of water depth (bathymetry), definition of seabed structures 
and identifying sediment type and distribution, both on and below the seabed. This is achieved using 
a range of hydrographic and geophysical instruments.

Acoustic devices emit sound energy, in a series of continuous pulses, into the water column and 
detect the returning echoes. This is called sonar.  Different echo strengths indicate different seabed 
features (or morphology) and the different physical characteristics of the seafloor.  By knowing the 
speed at which sound travels through water (approx. 1500 m per second), depth can be calculated 
from the echo return time.  This method produces extremely accurate measurements, which when 
coupled with accurate positioning systems and motion sensors can be used to produce accurate 
seafloor maps.  Similarly, by knowing the speed of sound through different rock and sediment layers 
under the seabed, our acoustic systems can measure the thickness of these layers to map the                           
sub-surface structure of the seabed.

(ii) Bathymetry and Backscatter Products
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The primary acoustic devices used by the INFOMAR programme are:

Multibeam 
Echosounder 

(MBES)

Singlebeam 
Echosounder 

(SBES)

Shallow 
Seismic 

Pinger / Sub 
Bottom 

Profiler (SBP)

Seismic 
Sparker

Side Scan 
Sonar (SSS)

Fig 3.7: Illustration of how MBES works, image courtesy of British Antarctic Survey.
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An echosounder uses sound waves to measure water depth. A transducer mounted under the vessel 
emits a pulse which travels through the water to the seafloor and bounces back to a receiver. The time 
it takes for the signal to return is measured, and because the speed of sound through water (~1500 
m/s) is known, the water depth under the boat is measured. This is the basic principle of hydrography 
and seafloor mapping. A multibeam echosounder (MBES) measures multiple echoes at a time.

The fan-shaped acoustic pulse allows measurement of depth directly under the boat, and to the left 
and right (port and starboard). This area is called the swathe width and it is approximately four times 
greater than the depth. This means that in 20 m water depth we can survey across an 80 m swathe of 
seabed. Lower frequency sound travels further underwater but will provide less resolution. High 
frequency sound waves are lost in deep water but are suited to shallow water surveys. All INFOMAR 
vessels are equipped with one or more MBES systems and deliver three key datasets; water depth or 
bathymetry data, acoustic backscatter and water column scattering.

The images seen in fig 3.8 highlight the amazing resolution that can be achieved with the MBES on the 
INFOMAR programme. Highlighting these seabed features provide a crucial understanding of the 
potential hazards and risk for multiple end users of the marine space. To date over 400 shipwrecks 
have been mapped and many other potential hazards identified.

Multibeam Echosounder (MBES)

 Fig 3.8: Examples of MBES images, SS Polwell and Kish Bank Lighthouse. Source INFOMAR
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Fig 3.9. Multiple features identified on the bathymetric data. Images courtesy of INFOMAR
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The bathymetry data acquired and processed by the INFOMAR programme is of crucial importance to 
the ORE sectoral development in Ireland. It is imperative to understand what the water depth is, what 
objects, natural or man-made are on the seabed and what sedimentary processes are active in and 
how they can affect the planned development of a project.

Fig 3.9 highlights various features identified on the seabed, all of which have important considerations 
for designing and engineering a windfarm offshore.  Channels can contain coarse grained materials 
such as sand and gravels which are relatively easy to penetrate and have quick settlement times for 
turbine foundations. Glacial till can be more complicated as boulders can be difficult of penetrate 
depending on the foundation type. Fig 3.10 highlights sediment waves in the Irish sea, their mobility 
needs to be understood and areas with bedrock on the seabed such as Fig 3.11 should be avoided if 
possible as the engineering solution will have significant cost implications.

Sedimentary features in deep water 
outside Dundalk surveyed during 

CV11_INIS. 

Channel feature in Dundalk Bay surveyed 
by the R.V. Keary 2011-2012 

Sedimentary features in deep water 
outside Dundalk surveyed during 

CV11_INIS. 

Breached defence wall in the channel 
into Dundalk Port surveyed by 

the R.V. Geo

Glacial till in the north of Dundalk Bay 
surveyed by the R.V. Keary

01 02

03 04



34

A Side Scan Sonar (SSS) transmits high frequen-
cy sound pulses that map the seabed either 
side of the unit. This torpedo-like instrument, 
also called a ‘tow-fish’, is towed behind the 
vessel close to the seabed. It can produce very 
high-resolution information if the team needs to 
investigate a wreck or specific area of seabed 
for habitat mapping. They are particularly useful 
to investigate the status of pipelines and cables 
on the seafloor, for dredging operations and 
environmental studies. It also has military                      
applications including mine detection. The SSS 
is normally towed behind a vessel or installed

on underwater vehicles. They emit conical or fan-shaped acoustic pulses down toward the seafloor 
which are recorded as a series of crosstrack ‘slices’. When stitched together along the direction of 
motion the slices form an image of the sea bottom. The sound frequencies used in side-scan sonar 
usually range from 100 to 1000 kHz; higher frequencies yield better resolution but less range. SSS data 
is not routinely acquired during standard INFOMAR surveys but can be requested for specific research 
including marine archaeology or commercial applications. INFOMAR uses the Edgetech SSS to 
acquire high-resolution images of wrecks that have first been identified using MBES.

Side-Scan Sonar (SSS)

Fig 3.10: Sediment Waves in the Irish Sea Fig 3.11: Rock Structure off the Clare Coast

Fig 3.12. A tow fish and image after acquisition and processing. 
Source INFOMAR.
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The hydrographic and geo-physical instrumentation allow the INFOMAR team to make accurate           
predictions as to the type of material present on the seabed e.g. rocks, pebbles, sand, mud. In order to 
confirm these predictions are correct we take representative sediment samples from each survey 
area. This process is called ground-truthing or sampling. A variety of sampling equipment is utilised by 
the INFOMAR program based on specific requirements and the nature of the seabed being sampled. 

Grab sampling is the most popular method of ground-truthing. There are three main types of grab used 
depending on the size of the vessel and the weather conditions; Day Grab, Shipek or Van Veen Grabs. 
The grabs acquire a sample of sediment from the surface layer to be stored for later analysis in order 
to cross-reference the seabed type classifications that are made from the MBES bathymetry and 
backscatter datasets. This leads to the creation of sediment classification maps. The Geo Resources 
‘Vibrocore’ takes sediment sample cores via a metal tube penetrating the sediment. The core samples 
provide data on historical climate records and sediment deposition in each area.

Ground Truthing

Fig 3.13. An example of sediment core recovered from muddy-sandy 
seabed. Source INFOMAR



Fig 3.14: Images illustrating backscatter as a relative geophysical property 
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Multibeam systems also collect information about the type of seafloor and can distinguish between 
mud, sand, gravel, and rock. Different seafloor types return the signal with different levels of energy, 
this is known as backscatter.

This information can be used to determine the physical nature of the seabed, because different 
bottom types “scatter” sound energy differently. For example, a softer bottom such as mud will return 
a weaker signal than a harder bottom, like rocks or gravel. These differing values in intensity are used 
to examine the nature of the seafloor in a backscatter chart. 

Combining bathymetry and backscatter data allows INFOMAR to create detailed ‘habitat maps’ of the 
sea floor because different sediment types support different marine life. These small habitat units 
form the larger marine ecosystem, and this information is used for many purposes including                   
conservation, marine spatial planning, fisheries management and much more. Additionally, the                       
combination of bathymetry and backscatter data allows for the creation of ‘sediment classification 
maps’ which provide information on the type of seabed substrate with application to marine spatial 
planning.

Fig 3.15: Backscatter map illustrating sediment waves and contrasting acoustic response.
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The Sub Bottom Profiler (SBP) datasets includes various types of shallow seismic systems including 
‘Pinger’ systems which transmit a single frequency (~4 kHz) and ‘Chirp’ systems which transmit a 
sweep of frequencies (e.g. 2-10 kHz) in a single pulse. These systems operate in a similar way to SBES 
but use lower sound frequencies that penetrate further into the sediment and examine sediment layers 
and the extent of bedrock. This information is crucial when building offshore marine infrastructure 
such as sustainable energy devices like wind turbines. The extent of penetration depends on the type 
of seabed. If the bottom is hard and compact like bedrock or thick glacial till, then most of the acoustic 
energy will be reflected. If the bottom sediments are soft or loose some acoustic energy will continue 
to travel through the various sub-surface layers. The result is a series of sound waves returning to the 
vessel at slightly different times which are displayed as a series of layers. This ‘stratigraphic’                                  
information can be interpreted to reveal past sedimentation patterns for the area. It is important to 
note that the SBP doesn’t identify sedimentary materials, but rather changes in the acoustic                            
impedance (density) of the subsurface geology between each stratigraphic sequence. Sediment        
penetration of up to 30-50 m can be achieved in soft sediments in favourable conditions.

The image in 3.16 is a beautiful illustration of the sub bottom data illuminating the subsurface to           
identify a channel feature that is expressing on the seabed present day but is also in the sediments 
below. You can pick out the asymmetric geometry of the channel and how that has switched over time 
as the sediments have laterally stacked.

iii: SBP Data Processing and Interpretation

Fig 3.16: KRY11_06 Chirp profile (Line 0055) Channel feature 
Displaying Sediment Infill  

The SBP line in fig 3.17 is another high-quality 
line that shows the complex nature of the           
underlying sediments. A number of erosional 
features are clearly visible in the form of canyon 
cuts. The varying dip orientations of the                        
sediment are also imaged on the section, these 
are likely caused by the interaction of tectonic 
and sedimentary process, which may relate to 
processes on a regional scale having an impact 
locally.
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Figure 3.17: Line 0025 CHIRP Data KRY12_05

A Sparker is a device used for sub-seabed inves-
tigations where deeper acoustic penetration is 
required. It is generally more powerful than a 
SBP and used to explore very coarse/compact-
ed seabeds. The sound source is generated by 
an electrical arc that creates a bubble. As it 
collapses the bubble produces a broad band 
(500 Hz – 4 kHz) omnidirectional pulse which 
penetrates a few hundred meters into the 
subsurface. Hydrophone arrays towed near the 

acoustic source receive the returning signals. The Geo-Source 200 is utilised by the INFOMAR 
program as it’s specially designed for small vessel survey and shallow water operation. The system is 
towed behind the vessel at relatively low speed (~ 4 knots) while an array of hydrophones (called 
streamers) are towed either on the port or starboard side of the vessel. Sparker data are usually not 
acquired during standard INFOMAR surveys as its deployment cause slow vessel speeds which                      
reduces survey efficiency. However, these data are acquired under specific requests such as scientific 
research.

Fig 3.18 highlighting Sparker acquisition.   Source INFOMAR                                                                                                                                           
Left – Geo-Source 200.                                                                                                                                    

Right - Full deployment of INFOMAR acoustic devices from the RV Celtic Voyager.
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Case Study 1: An Example of SBP Data Processing 
from Dundalk Bay

In 2013 the MV Keary acquired a number of sparker lines in Dundalk bay, see Fig 3.19. Line 15 is         
highlighted in red on the survey. The sparker sub bottom data was processed by the INFOMAR team 
using CodaOctopus Seimic+ package, the results of which can be seen on in Fig 3.20 and Fig 3.21

Fig 3.19: R.V. KRY13_02 Sparker Track-lines acquired in Dundalk Bay

The following basic seismic processing workflow was applied to all survey data by the GSI: 

1. Band pass filter: 50hz-2000 Hz 

3. AVG 

2. Digital base gain 

4. Swell filter 



40

For this study Down under Geosolutions (DUG) reprocessed a number of the single channel sparker 
lines in the Dundalk bay area to demonstrate the value of using more advanced geophysical                            
processing techniques to further understand the complexities of the subsurface.

Fig 3.20: Sparker Line #0015 Prior to Basic Processing  Fig 3.21: Sparker Line #0015 after to basic Processing  

Fig 3.22 highlights the first pass processing 
carried out by DUG using their proprietary 
software on the raw data from Sparker line 15. A 
prominent seabed multiple is visible on the 
image, as are statics on the seabed and lots of 
acoustic noise throughout the entire seismic 
section.

Fig 3.23 Highlights line 15 after it has undergone 
a series of processing flows using the DUG 
software. The result is that the multiple has now 
been removed and the subsurface image is much 
crisper following a demultiple, denoise, static     
solution, filtering gain and structurally orientated 
filtering.

Fig 3.22. Line 15 after initial low pass filter. There is a 
noticeable seabed multiple at this stage. 

Image courtesy of Down Under Geosolutions (DUG).

Fig 3.23: Line 15 with denoise, demultiple, statics, filtering, gain and 
structurally oriented filtering applied. Image 
courtesy of Down Under Geosolutions (DUG).

features is imperative in planning your offshore development. The infill of the channel is likely to 
contain sands and gravels from glacial deposits whereas the over bank deposits will contain fine silts 
and clays. This has implications for soil settlement rates, as they will be different in the channel area 
where the coarse grain sediments are likely to be found compared to the muds, silts and clays which 
will retain water and have much longer settlement periods.
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Statics are a clear problem at the seabed reflector and the data contains a large amount 
of noise. The seismic amplitudes are incoherent and the structural grain is difficult to 
resolve. Striping is clearly visible throughout the section.

Fig 3.24: Low Pass Filter, basic processing (Zoom In).

Fig 3.25 demonstrates the value and uplift that can be achieved using the techniques and 
software employed by DUG. The statics solution has resolved the seabed as one                            
continuous seismic reflector which enables the data to become more interpretable.  
Beneath the seabed the geology is much clearer and multiple channel cuts from the 
glacial period are visible. Understanding this network of underground glacial sedimentary 

Fig 3.25: with denoise, demultiple, statics, filtering, gain and structurally oriented filtering.
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Case Study 2: An Example of SBP Data from the Dogger 
Bank, UK which highlights analogous glacial features 
to the Irish Sea

The Dogger Bank located in the centre of the Southern North Sea is a good analogue for glacial                       
deposits and processes that are also in play offshore Ireland. It is an area of shallow bathymetry, 
making it perfect for developing fixed installation offshore wind farms. High-resolution shallow 2D 
seismic reflection data (1500km2), geotechnical boreholes and Cone Penetration Tests (CPTs) where 
acquired by the Forewind consortium between 2010 and 2012. These integrated datasets are used to 
assess ground conditions and suitability for siting wind turbine foundations.

A dense, 2D grid of shallow, single-channel seismic reflection sparker data was acquired, and                       
reflections are resolvable until 180 ms (�150 m), below, then the signal becomes too weak to resolve.                      
Seismic facies were correlated to sedimentary facies interpreted from geotechnical logs to establish 
a seismic stratigraphic framework for the study area. This framework was used to identify the                       
transition from glacial to terrestrial to marine and to map the major bounding surfaces between the 
different sedimentary environments.

Fig 3.26: Seismic interpretation and mapping revealed a drainage network that has incised down into the land surface. The large rivers 
formed as proglacial rivers, then increased precipitation and drainage from the land surface formed the smaller tributaries. From Emery 

et al. 2020.
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Eighty-three cone penetration tests (CPTs), up to 50 m below seabed. These tests provide cone resist-
ance (qc) measurements that were used, uncorrected, as a grain-size proxy through the sediments, 
with low resistance corresponding to clay and high resistance corresponding to sand. CPTs were used 
to calibrate sedimentary information to seismic facies observed in the seismic reflection data to 
constrain sedimentary environment.

The SBP line in Fig 3.26 is a high resolution shallow seismic section that has been acquired and then 
processed to a high standard. However even in this dataset the seabed multiple is apparent and is 
difficult to remove as the seismic data has been acquired as single channel only.
The challenge faced when processing these SBP datasets in shallow water is that the multiple has a 
strong imprint on the data. It can be supressed and even removed but at the expense of some of the 
primary signal that contains important information for establishing the subsurface picture. Multi-chan-
nel seismic data would help resolve this as it would aid the removal of the seabed multiple in the 
seismic processing flow.

The analysis of the high-resolution 
seismic reflection and cone                              
penetration test data reveal a channel 
network over a 1330 km2 area that 
incised glacial and proglacial lake-fill 
sediments. The CPT logs have revealed 
an environment in transition from 
glacial through terrestrial to marine 
conditions and it is likely such                        
conditions are also prevalent beneath 
the Irish sea as exhibited by the               
INFOMAR SBP data in the area,                        

however there is a paucity of data there in comparison to the Dogger bank.

This case study highlights the need to acquire and integrate correctly all available geological and 
geophysical data sets to fully understand and refine a ground model in an offshore area of interest. 
This in turn helps define the Front-End Engineering Design (FEED) for offshore windfarm development. 

Fig 3.27 Multiple incised channels (75-200m wide) were mapped out to reveal 
a drainage network over the Dogger Bank area. From Emery et al. 2020.



Summary
INFOMAR is a 20-year programme funded by the Department of the Environment, Climate and 
Communications (DECC), and delivered by joint management partners Geological Survey 
Ireland and the Marine Institute to map the entirty of Irelands seabed.

The primary aim of INFOMAR as a marine mapping project is to describe the physical features 
of the seabed. This includes the measurement of water depth (bathymetry), definition of 
seabed structures and identifying sediment type and distribution, both on and below the 
seabed. This is achieved using a range of hydrographic and geophysical instruments.

The primary acoustic devices used by the INFOMAR programme are Multibeam Echosounder 
(MBES), Singlebeam Echosounder (SBES), Shallow Seismic Pinger / Sub Bottom Profiler (SBP), 
Seismic Sparker and Side Scan Sonar (SSS).

The bathymetry data acquired and processed by the INFOMAR programme is of crucial impor-
tance to the ORE sectoral development in Ireland. It is imperative to understand what the water 
depth is, what objects, natural or man-made are on the seabed and what sedimentary                     
processes are active in and how they can affect the planned development of a project.

The bathymetric data is an excellent dataset that has being acquired and processed to                      
international hydrographic standards.  It produces high quality digital maps that are easily 
accessible through the INFOMAR data portal.

Data acquisition gaps are a concern, particularly off the West and South coasts as there are 
large areas where data still needs to be acquired. The intertidal zone, the area between the        
nearshore and foreshore known as the ‘white ribbon’ is another where data coverage is sparse.

Backscatter is when different seafloor types return the acoustic signal with different levels of 
energy.  These differing values in intensity or ‘scatter’ are used to examine the nature of the 
seafloor in a backscatter chart. Combining bathymetry and backscatter data with any ground 
truthing can provide a powerful tool when scoping potential ORE development sites.
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Summary
Ground truthing is also carried out by the survey vessels with grab sampling being the most 
popular. This leads to the creation of sediment classification maps. However, there are a                 
paucity of cores and CPTs within the dataset and these are essential for validating any ground 
model when developing an ORE project.

The primary driver and deliverable for the INFOMAR programme has and is the completed          
mapping of the Irish seabed. As a consequence of this, the sub bottom data has not been the 
focus of the programme and has suffered somewhat as a result.

The SBP data is seen as the most important geophysical dataset for constructing an accurate 
ground model and designing the engineering solution, particularly for offshore fixed bottom 
installations and cabling onshore. 

The SBP Data quality is variable, ranging from poor to good. Seismic processing and                             
reprocessing are key to unlocking the value of this dataset. Higher end software packages 
such DUG, offer advanced processing capabilities, and allow for key geological information to 
be teased out of the data.

To date all SBP and shallow seismic data acquired by the INFOMAR programme has been 
single channel. Going forward the acquisition of multi-channel data would greatly improve and 
enhance this shallow seismic dataset and provide greater understanding of the inherent                 
complexities of the subsurface. 

Analogues such as the Dogger Bank provide excellent case studies which demonstrate the 
value of acquiring high density geological and geophysical datasets to thoroughly understand 
potential areas for ORE development. 
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ORE Project Phases and Associated Data Requirements

Before the consenting process can begin a potential ORE developer must first undertake supporting 
desk top studies to identify suitable areas for offshore development. A scoping report is often                       
compiled as part of an early step in the consenting process which gives the planning authorities an 
idea of what the development activity could be and is a precursor to the Environmental Impact                       
Assessment (EIA).

Developers ideally want to retain as much design flexibility as possible particularly with foundation 
solutions and turbine size. However, the environmental impacts become more difficult to quantify if 
there is too much flexibility and may lead to consenting problems.

Scoping/Desktop Studies

There are many project phases and                              
multiple data requirements when                                  
developing an offshore windfarm. Develop-
ment and project management covers the                        
activities up to the point of financial close 
or placing firm orders to proceed with wind 
farm construction. This includes activities 
required to secure planning consents such 
as the environmental impact assessment, 
and activities required to define the design 
and engineering aspects. The crown estate 

estimates £120 million for a 1GW wind farm. This includes development and consenting services, 
environmental surveys, resource and metocean assessment, geological and geotechnical surveys, 
engineering, and consultancy. 

Fig 4.1: Highlighting the operational design of an offshore windfarm. Source 
Steelwindtower.com
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Developers need to undertake an EIA, which describes the potential impacts with regards to a wide 
range of environmental factors. An EIA assesses the potential impact of the proposed development 
on the physical, biological, and human environment during the construction, operation and decommis-
sioning of the wind farm.

Environmental surveys are one of the first tasks to be undertaken at a potential wind farm site and it 
can take two years or more before sufficient data is collected to apply for consent. The surveys 
include bird, fish, marine mammal, and habitat surveys as well as marine navigation studies,                  
socio-economic surveys, commercial fishing, archaeology, noise analysis, landscape and visual 
assessment and aviation impact assessments. Benthic, foundation and cable laying studies form an 
important part of the EIA and the INFOMAR datasets are an invaluable resource for these. Human 
impact studies are also an important consideration as they assess the impact on the local society, not 
only of these socio-economic changes, but also of the composite of biological, geological, and physi-
cal effects caused by the proposed change on the local area.

Environmental Impact Assessments

Metocean assessment is carried out to provide atmospheric and oceanographic datasets to inform 
the engineering design of a wind farm, and to fully describe the likely operating conditions at the 
proposed wind farm location. Current state of the art campaigns integrate measurement and model-
ling techniques across both oceanographic and wind resource disciplines.

The required level of accuracy, and therefore cost, of metocean data evolves with the project. Public 
data are often available and can be used to provide a preliminary characterisation of metocean                     
conditions on site. At this early stage, inherent uncertainties and limitations of the data should be 
acknowledged, and, where possible, the potential implications understood and interpreted if relevant. 
As the project progresses and the design is refined, more accurate statistics are required
Metocean studies will be needed to ascertain wind speeds, current speed and direction and wave  
loading parameters in site specific areas.

Metocean Assessments

Seabed surveys consist of two main parts; geophysical surveys of seabed features and bathymetry 
and geotechnical surveys of the sea bed and subsurface characteristics. Seabed surveys are an           
important component of the development process and aid several processes, such as optimising the 
foundation design and wind farm layout, as well as minimising risk during installation activities. The 
INFOMAR programme and datasets is of great importance in the site selection and feasibility phase 
of potential ORE projects.

Geological and Geophysical Surveys
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The Multibeam Echo Sounder, Backscatter, Pinger and Sparker datasets allows for potential                               
development areas to be ranked and for sweet spots to be identified for the foundations of wind 
turbines. This has huge time and cost saving implications for ORE developers and these projects. 
Upon moving to the development phase, the value of the INFOMAR data will be further highlighted as 
it will act as a baseline survey in advance of additional site specific geophysical surveys which will 
have to be undertaken prior to any construction in the installation phase. Time lapse (repeat)                             
bathymetric surveys will also be required to ascertain sediment stability and /or rate of deformation in 
the proposed site for windfarm development.

The geophysical and geotechnical techniques currently being employed in ORE have been developed 
and refined through generations within the wider offshore energy sector. The techniques of data 
capture, reduction and ultimately data interpretation is therefore common practice. It is necessary to 
utilize a variety of multi-physics datasets such as backscatter data, multibeam echo sounder, pinger 
and sparker datasets when scoping and planning to develop potential ORE sites.

Therefore, the ORE sector will be relying heavily on the datasets acquired in the INFOMAR programme 
as this data is what is currently being used in conjunction with the geological sampling carried out by 
the Geological Survey of Ireland (GSI) to assist with the scoping and early development phases of the 
offshore wind projects. In the later development stage, before moving into the installation phase, the 
geophysical ground model will require validation and confirmatory testing using intrusive                                     
geotechnical campaigns. This will mean acquiring borehole location and seabed CPTs. This                      
information will be required prior to submission of any EIA and will also be required to facilitate more 
detailed engineering. Targeted seabed-sampling as part of a wider geotechnical campaign would also 
enable better understanding of seabed distribution and assist with future sediment dynamics studies.

Additional site-specific geophysical surveys will have to be undertaken and carried out prior to any 
construction in the installation phase. As referenced earlier, time lapse (repeat aka 4D) bathymetric 
surveys will be required to understand if the sediments in a specified area have moved over time and 
if so at what rate. Repeat surveys with specifically customised deliverables are combined with 
detailed borehole and near-surface geophysical and geotechnical information. ORE geophysical data 
will need to be high quality in signal to noise ratio (SNR), high density re sampling and exhibit                    
redundancy, and future datasets will be more localised site-specific.  
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The Multibeam Echo Sounder, Backscatter, Pinger and Sparker datasets allows for potential                   
development areas to be ranked and for sweet spots to be identified for the foundations of wind 
turbines. This has huge time and cost saving implications for ORE developers and these projects. 
Upon moving to the development phase, the value of the INFOMAR data will be further highlighted as 
it will act as a baseline survey in advance of additional site specific geophysical surveys which will 
have to be undertaken prior to any construction in the installation phase. Time lapse (repeat)                           
bathymetric surveys will also be required to ascertain sediment stability and /or rate of deformation in 
the proposed site for windfarm development.

The geophysical and geotechnical techniques currently being employed in ORE have been developed 
and refined through generations within the wider offshore energy sector. The techniques of data 
capture, reduction and ultimately data interpretation is therefore common practice. It is necessary to 
utilize a variety of multi-physics datasets such as backscatter data, multibeam echo sounder, pinger 
and sparker datasets when scoping and planning to develop potential ORE sites.

Therefore, the ORE sector will be relying heavily on the datasets acquired in the INFOMAR programme 
as this data is what is currently being used in conjunction with the geological sampling carried out by 
the Geological Survey of Ireland (GSI) to assist with the scoping and early development phases of the 
offshore wind projects. In the later development stage, before moving into the installation phase, the 
geophysical ground model will require validation and confirmatory testing using intrusive                           
geotechnical campaigns. This will mean acquiring borehole location and seabed CPTs. This informa-
tion will be required prior to submission of any EIA and will also be required to facilitate more detailed                                      
engineering. Targeted seabed-sampling as part of a wider geotechnical campaign would also enable 
better understanding of seabed distribution and assist with future sediment dynamics studies.

Additional site-specific geophysical surveys will have to be undertaken and carried out prior to any 
construction in the installation phase. As referenced earlier, time lapse (repeat aka 4D) bathymetric 
surveys will be required to understand if the sediments in a specified area have moved over time and 
if so at what rate. Repeat surveys with specifically customised deliverables are combined with 
detailed borehole and near-surface geophysical and geotechnical information. ORE geophysical data 
will need to be high quality in signal to noise ratio (SNR), high density re sampling and exhibit                      
redundancy, and future datasets will be more localised site-specific.  
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Geophysical and Geotechnical Data Requirements for ORE Development.

Bathymetry Backscatter Shallow 
Seismic

Deep 
Seismic

Seabed 
Sampling Coring CPT 

Testing Modelling

Fig 4.2: Source Fugro
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Front-end engineering and design (FEED) 
studies address areas of wind farm system 
design and develop the concept of the wind 
farm in advance of procurement, contract-
ing and construction. The FEED study is 
continually refined through the development 
process and is ultimately used to frame and 
process substantial engineering and 
procurement decisions. Key parameters 
such as turbine size, foundation type, wind 
farm layout, substation design, electrical 
system and grid connection method are

considered to minimise the project’s levelised cost of energy (LCOE). 

3D models such as Fig 4.19 are constructed to enhance the understanding of the subsurface and                   
facilitate various conceptual design models before agreeing what is needed for the Final Investment 
Decision. (FID). To get to this stage you need to have good understanding of the subsurface in the 
proposed area of development. This will require the construction of an accurate ground model based 
on high quality geological and geophysical data that has been acquired and integrated correctly to 
assess the geotechnical risk and allow for the design of the best engineering solution. 

Front End Engineering and Design (FEED)

Fig 4.2: Source Sean Pearce
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Case study 3: Understanding the whole picture 
from regional to localised geology.

Fig 4.4: Extent of Ice Sheets from Clark et al 2010.

When undertaking large development projects, 
scale is an important factor.  It is imperative to 
understand what is happening at a macro scale 
before focusing in on site specific areas. There is 
often a link between what processes have 
occurred at a regional or mega regional and how 
they affect a specific area chosen for                               
development.

Framing the Regional Story

ice sheet advance or retreat. The last glacial event to have affected the Irish Sea (the Devensian) 
occurred from approximately 34,000 years before present to 12,000 year before present. Ice sheets 
merged across much of northern Britain and Ireland to form the British and Irish Ice Sheet (BIIS). A 
large ice stream within the BIIS flowed through the Irish Sea, often referred to as the Irish Sea Ice 
Stream (ISIS), reaching its maximum geographic extent to the south at 24,000 – 23,300 years before 
present. 

The glacial deposits can pose some problems when trying to establish the foundations for the wind 
turbines as boulders can be extremely difficult to penetrate and require more expensive engineering 
solutions to infiltrate. The INFOMAR dataset, when used correctly, can help companies avoid or design 
engineering solutions for areas with boulders, outcropping/subcropping glacial till and/or bedrock.

The Quaternary geological period (2.59 million 
years ago to present) much of Northern Europe 
including Ireland experienced extensive ice-sheet 
cover during several glacial events. During these 
events, glaciers and ice sheets formed in upland 
areas before advancing across the landscape 
both marine and terrestrial, creating various 
glacial environments where sediments were
deposited or eroded depending on the stage of 

What has shaped the modern Irish 
landscape?
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layers beneath the seabed where developers will be developing wind farms. The ‘relevant’ projects are                       
anticipated to be the first offshore developments in Ireland and they will be located in an area of the 
Irish sea where these paleo ice streams converged and so their geological processes need to be fully 
understood to facilitate detailed design.

As we zoom in from the simplified 
geology in Fig 4.4 to the geologi-
cal map of Ireland above in 4.5, 
there is a significant refinement in 
the lithological and structural 
detail. Large scale faults are 
visible as well as generalized rock 
types with the river systems                 
overlain over the top. The 
‘relevant’ project FSL applications 
are visible in the Irish sea, and 
what you can see is that the rocks 
types 

Fast-flowing ice streams occur within modern ice 
sheets and also operated in Pleistocene ice 
sheets. The reconstruction of palaeo-ice streams 
normally relies on the mapping of mega-scale 
glacial lineations (MSGLs) and drumlins com-
posed of soft sediment, mainly till. These are 
attributed to erosion of crystalline and                                           
sedimentary rock below fast flowing ice streams. 
Bedrock properties such as hardness, fracture 
spacing, and bedding can have a profound effect 
on the post glacial topography. This is evidenced 
across Ireland from the Darty mountains in Sligo, 
where glaciation has shaped the landscape to 
leave behind mountains like Benbulben. In the 
east Glendalough provides a good example of 
U-shaped valley formed under such processes.
What can be seen in the fig 4.4 above is that the 
paleo-ice streams have had an impact in shaping 
the modern seafloor and most importantly the

Fig 4.5: BIIS with paleo-ice streams, 
simplified geology, and glacial extent. 
Image source Krabbendam et al 2015.

Fig 4.6: Geological Map of Ireland with Rivers, Major Faults and Relevant Project 
Areas. The insert map is highlighting more detailed geology as we zoom in. Source 

Geological Survey Ireland.
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vary as you go from north to south. This has implications for what sediment is situated in the offshore 
present day and also to understanding what sediments and potential rock types you can expect to find 
subsurface.  This is essential to know when planning to develop offshore installations, as you need to 
design for the correct foundation and know what effect these varying sediments and rock types will 
have on the stability of the seabed and the overall CAPEX of your project. In the insert map on Fig 4.5 
you can see the next level of detail in what is still a regional geology map but more refined than the 
national map to the left. There is a far greater understanding of the bedrock and structural configura-
tion. The faulting is now more intense and rock types more segregated. However, there is a clear 
linkage between the structural grain at this scale to the large-scale faults in the national map is Fig 4.5. 
It is necessary to have an understanding of the fault complexity in a site specific area and how that 
relates back to the regional and megaregional scale as these can underpin the stresses and strains 
that you are seeing in a localised area and need to be accounted for when engineering your design 
solutions for a development area.

The image in Fig 4.7 show the next level of detail that can be achieved when you focus in on an area, 
undertake detailed mapping, and use borehole logs to refine the ground model. It is this level of detail 
that developers would hope to emulate with their ground models offshore.

Fig 4.7: Quaternary 3D Model Dublin, source Geological Survey Ireland.
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The Quaternary sediments cover up to 80% of the Dublin region. Glacial sediments recorded in this 
region are associated with two ice sheets which merged in the area during the last glaciation‐ an ice 
mass with its centre in the north midlands of Ireland, and the Irish Sea ice sheet flowing south along 
the Irish Sea basin. Bedrock close to the surface occurs mostly along the main riverbeds as well as the 
coastline and the higher ground areas of the Howth peninsula. A large area presenting thin Quaternary 
sediments, recorded in southwest Clondalkin, comprise of numerous abandoned and active quarries. 
Dublin City is generally comprised of thick Quaternary sediments which range from 5 to 20m.                     
Maximum thicknesses are recorded along a Tertiary channel occurring on the north shore of the River 
Liffey valley, reaching 45m, and along a channel‐like feature running along the south margin of the 
Dodder valley Quaternary sediments, with a thickness of 15 to 25 m. Glaciofluvial sediments derived 
from Lower Carboniferous limestone are widespread around Dublin, often associated with former 
meltwater channels, esker ridges or ice marginal ridges.

Postglacial deposits Postglacial deposits in the area include: 

Alluvium 

Aeolian 
sediments Topsoil 

Estuarine 
silts 

and clays 

Marine beach 
sands 

and clays
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Case Study 4:  Integrating the INFOMAR datasets

The map in Fig 4.8 highlights the main river systems across Ireland and where they are situated in 
relation to the ‘relevant’ project foreshore license applications. The onshore geological datasets                  
mentioned previously need to be integrated with any offshore data that is available to help further 
understanding in these areas. The insert map shows the INFOMAR bathymetry map for this area and 
even at a macro scale sedimentary features can be observed

Fig 4.8:  Map highlighting the ‘relevant’ projects, insert Zoom with Bathymetry, blue = -100m 

Fig 4.9: INFOMAR Bathymetry & SBP datasets North Irish Sea 
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The channel feature, which is clearly visible on the backscatter data, is giving a relatively soft acoustic 
response in comparison to the overbank area which has a harder response. This can then be cross 
referenced with the sediment classification map which has been derived from grab samples that have 
been taken at the locations marked on Fig 4.10. 

Integration of all the datasets is key to understanding what type of sediments are on the seabed and 
what sedimentary processes are active. 
The datasets above provide an excellent baseline from where you can start your initial planning for 
developing an ORE project. Whilst these products provide an excellent first pass dataset, care must be 
taken when using them as they are only a snapshot of what where the conditions of the seabed at a 
particular time. 

Additional site-specific surveys will be required to understand what the 4D  (time lapse) effect is on an 
area. A monitor survey when acquired will then be compared to these initial INFOMAR datasets and 
any changes or differences that are seen will help frame what active processes are occurring at the 
seabed. The proximity of a large river, coupled with the tidal, wave and current processes would point 
towards sedimentological changes on the seabed. 

This will need to be thoroughly understood as they may have implications for where you are placing 
your turbines. For example, large amounts of erosion maybe occurring due to either river or coastal 
processes that could make some areas unstable, this in turn will have to be fed into the overall design 
of the project and the appropriate engineering solution implemented.  
Care is also needed when interpretating the grab samples as these sediments could be derived and 
transported from elsewhere and are not in situ. Therefore, there is the risk that they are not                           
representative of the seabed sediments in an area or are only representative of the sediments that 
where there at that particular time of sampling.

Fig 4.10: Backscatter Fig 4.11 Seabed Classification Maps
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Whilst the seabed and its processes are important considerations when designing an offshore                    
windfarm, it is what lies beneath the seabed that is of greater importance to the engineering solution. 
In particular for fixed offshore installations, whose foundations maybe 30meters plus beneath the 
seabed it is essential to refine the ground model and to have a thorough understanding of the               
sediment, lithologies, geological processes and tectonic stresses and strains that can be fed into the 
design of the offshore development. This will help inform decision making and CAPEX. 

The Sub Bottom Profiler (SBP) data pictured in Fig 4.12, is a form of shallow seismic which illuminates 
the subsurface beneath the seabed. These datasets are also part of the INFOMAR programme and are 
extremely informative when building the ground model. 

In the seismic line on Fig 4.12 an erosive glacial event (pink horizon) is visible as a prominent reflector. 
This has down cut beneath the seabed in numerous places to leave a series of glacial canyons. The 
fill in these canyons are mainly low amplitude which may relate to a muddier sediment. The                                                   
subcropping reflectors on the seabed are high amplitude and have an acoustically hard response 
which may be indicative of more boulder like glacial deposits. In the backscatter image below you can 
see what appear to be the expressions of boulders on the seabed that correlate with the high                        
amplitude sub cropping event on the seismic line in fig 4.12. It is worth noting that the backscatter is 
also leaving an acoustically hard signature in this area.

Fig 4.12: SBP line highlighting glacial Canyons and subcropping
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In Fig 4.14 glacial canyons are visible just beneath the seabed , the base of these canyons can be seen  
as a high amplitude, acoustically  hard continuous reflector that subcrops on to the seabed and                                     
exhibits a surface expression that can be interpreted as being glacial boulders.  Also noticeable in Fig 
4.14 is that the older channel cut which lies beneath the seismic reflector described above. This is not 
as well imaged as the acoustic energy is becoming dispersed on the ‘hard’ unit above thus                             
compromising the image below.  However, it is essential to understand what these features are and 
how they could impact the settlement rates of your foundations.  Different areas on this section will 
require different approaches as the lithology and compactness of the sediment will vary.

Fig 4.13: Backscatter highlighting boulder expressions on the seabed.

Fig 4.14: Highlighting glacial subcropping on the seafloor, glacial Canyons and older systems that lie beneath.

Hard’ reflector subcropping to seafloor
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It is apparent from both the Glacial Event Map 
and Isopach thickness map where the glacial 
event (pink horizon) subcrops and is exposed 
at the seabed. In the seabed classification 
map this was classified as rock rather than 
glacial boulders. With the benefit of the SBP 
data the picture becomes more clearer and 
the bedrock is much deeper than where the 
boulders are located at the seabed. The only 
way to calibrate for certain is with a core but it 
does highlight the need to integrate all the 
datasets.

Fig 4.14 a series of maps derived from the INFOMAR SBP data in the area.
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The sediment classification map in Fig 4.16 is highlighting the area of where the suspected glacial 
boulders are subcropping on to the seabed. It has been classified as rock, red in Fig 4.16 which may 
lead to it being misinterpreted as bedrock. The sediment classification maps are composed primarily 
from grab sample descriptions of the sediment on the seabed. In areas depicted as rock little or no 
sediment was likely recovered, this would lead to the classification of it being rock. However with the 
additional benefit of the backscatter and SBP data a much more thorough understanding can be 
gleamed for the area. The only way to calibrate for sure though is with a core. This highlights the need 
for integration of all available datasets and the refinement of models as new data becomes available.

Fig 4.16: Sediment classification map, ‘rock’ highlighted in red where the glacial boulders appear to be sub and outcropping.
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Case Study 5: An example of validating the 
geophysical response in the Irish Sea.

The study by Coughlan et al (2019) 
synthesises lithostratigraphy, geotechni-
cal data (from in situ cone penetration 
testing) and seismic profiles to gener-
ate a stratigraphic framework describ-
ing the geometry, distribution, and char-
acteristics of Quaternary deposits in an 
area of the Western Irish Sea.  Sub-bot-
tom data was gathered using a 
Geo-Source 400 sparker system 
onboard the RV Celtic Voyager as part 
of the Irish Sea Marine Assessment

(ISMA) survey (cruise number CV0926). In situ cone penetration testing were collected at 12 sites 
within the original ISMA survey area onboard the RV Celtic Explorer using the Geotechnical Offshore 
Seabed Tool (GOST) (cruise number CE14001).

In Fig 4.17 the stratigraphy has been calibrated with CPTs and cores and has significant implications 
for potential offshore windfarm development in the area as the study revealed up to 30m thick, weak, 
under-consolidated, highly heterogeneous sediments at the surface.  Localised gas can be seen on 
the seismic profiles as a high amplitude event that is causing acoustic absorption and imaging issues 
immediately beneath it and is as a significant subsurface hazard that should be avoided in the 
construction of any offshore development.

In Fig 4.18 the various lithostratigraphic units have been correlated with their seismic reflectivity 
expression to help calibrate the SBP response using the cores from the intrusive geotechnical 
programme that was undertaken in the area. However, the study is limited by a lack of physical 
groundtruthing data (e.g. borehole data) at depth (i.e. > 3 m).  It is essential to thoroughly understand 
an area of interest for potential ORE development by acquiring and integrating these geophysical and 
geological datasets.

A correlation was made across the area that describes these sedimentary using a combination of 
seismic and CPTu profiles. The properties of these sediments vary significantly which, in addition to 
shallow gas, affects engineering constraints for offshore development.

Fig 4.17: Seismic line 1 (SL1) with seismo-stratigraphic interpretation 
(Coughlan et al 2019.)
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Fig 4.18: Seismic facies correlation  

This case study as well as Fig 
4.19 illustrate very nicely the 
geotechnical design process 
that should be undertaken 
when constructing an accurate 
ground model in the area that 
an ORE development is 
planned.  This is essential when 
validating and refining the 
ground model to a sufficient 
standard whereby you can                 
facilitate detailed design work 
for offshore turbines. 

Fig 4.19 Geotechnical design process. Source Fugro



Summary
There are many project phases and multiple data requirements when developing an offshore 
windfarm.  These include development and consenting services, environmental surveys, 
resource and metocean assessment, geological and geotechnical surveys, engineering and 
consultancy.

Seabed surveys are an important component of the development process and aid several 
processes, such as optimising the foundation design and wind farm layout, as well as                   
minimising risk during installation activities. The INFOMAR programme and datasets is of 
great importance in the site selection and feasibility phase of potential ORE projects.

The INFOMAR data will act as a baseline survey in advance of additional site specific                         
geophysical surveys which will have to be undertaken prior to any construction in the installa-
tion phase.

The geophysical ground model will require validation and confirmatory testing using intrusive 
geotechnical campaigns. This will mean acquiring borehole location and seabed CPTs. This 
information will be required prior to submission of any EIA and will also be required to facilitate 
more detailed engineering design.

Additional site-specific geophysical surveys will have to be undertaken and carried out prior to 
any construction in the installation phase. Time lapse (repeat) bathymetric surveys will also be 
required to ascertain sediment stability and /or rate of deformation in a proposed site for ORE 
development.

ORE geophysical data will need to be high quality in signal to noise ratio (SNR), high density 
with regard to sampling and exhibit redundancy. 

It is important to understand the broad geological picture from megaregional to the fine detail 
as they inform what processes are at play in potential ORE development sites.  The use of           
multiple datasets from various sources allows for a more accurate description of the ground 
model. 

Data integration is key to unlocking the power of the INFOMAR products. All available data 
needs to be combined to identify potential ‘sweet spots’ for ORE development. 

A lack of CPTs and cores in the INFOMAR dataset are a limiting factor when attempting to 
refine the ground model and progress the development of an ORE project. It is essential to 
correlate the seismic response with hard geological data to validate the geophysical model to 
facilitate detailed design work for offshore turbines.
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The entire offshore PAD seismic and well dataset can be seen in fig 5.1. These datasets are of multiple 
vintages from the 1960’s to almost present day. The datasets evolve over time, from poor quality 2D 
seismic lines to high quality 3D seismic surveys and modern well logs. In fig 5.2 and 5.3 the well and 
seismic datasets are visible that are available for the Irish and Celtic seas.

Integrating the INFOMAR and PAD Datasets
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5. Additional Relevant Sources of Information 
and Knowledge                 

The Department of the Environment, Climate 
and Communications (DECC) who                           
commissioned this report have several 
divisions within it that are of benefit to the 
ORE industry in Ireland. For example, the GSI 
and Marine Institute who jointly manage the 
INFOMAR programme sit within the                          
department as does the Petroleum Affairs 
Division (PAD).  The PAD has a vast amount 
of geological and geophysical datasets that 
could provide additional benefit for the ORE 
sector and when integrated with the existing 
INFOMAR and GSI products could prove to be 
an immensely powerful tool to enhance the 
understanding of the subsurface and                
refinement of the ground model.

There are numerous examples from the energy industry of how problematic seabed conditions and 
shallow hazards can relate to the deeper geology. Expertise is required in detecting geophysical / 
geotechnical anomalies across a variety of datasets and will prove invaluable in helping to resolve the 
non-uniqueness of the subsurface model. Similarly, a deep knowledge of the multi-scale nature of the 
datasets will allow a coherent model to be constructed drawing in the variable spectral content /                       
penetration depth of the underlying (pinger, sparker and deep seismic etc) datasets.  Often seabed 
topography is directly related to the underlying local and larger scale tectonics and integrating the 
deep seismic data is essential to this understanding.

Fig 5.1: PAD offshore seismic and well datasets overlain 
on INFOMAR Bathymetry map. 



The foreshore license applications are overlain and when you zoom into these ‘relevant’ project areas 
you can see that there is a wealth of extra information available to build a more coherent regional 
picture and feed this into site specific areas for potential ORE development. This will further enhance 
and refine the subsurface understanding any certain areas where the data is applicable and can be 
correlated with other available datasets. Data integration is key to unlocking and refining the                          
subsurface model.
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Fig 5.2: PAD Well dataset offshore Irish and Celtic Sea. Fig 5.3: PAD seismic and SBP INFOMAR datasets.

Fig 5.4: Comparison of shallow INFOMAR SBP and PAD deep seismic intersection highlighting sediment 
thickness and deep tectonics which is underpinning the seabed topography.
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Fig 5.4 demonstrates how powerful correlating the deep seismic datasets with the shallow INFOMAR 
SBP data can be. When taken in isolation the SBP line shows a possible deeper subsurface canyon 
and a thin covering of sediment before a transparent zone which could be interpretated as bedrock. 
The PAD 2D deep seismic line is showing a much more complex tectonic story with a series of faulted 
grabens, rotated at different angles with some small anticlinal and larger synclinal features. The                         
sedimentary package appears to be much deeper here compared to the SBP line and there are several 
deep-rooted faults that link to the seabed. The SBP line penetrates approx. 50 milliseconds (approx.37 
meters) beneath the seabed, whereas the PAD 2D seismic line is penetrating over 2 seconds (approx. 
1500 metres). One of the major faults that can be seen on the deep seismic line appears to be 
controlling the formation of the seabed canyon where both lines intersect. This is not possible to 
deduce from the SBP line alone.  Faults are an important constraint to consider in the ground model 
and have a certain amount of risk associated with them.  You can suffer losses of concrete into an 
open fracture system when setting the turbine foundations, you can also experience differential                           
pressures either side of a fault, encounter different sediments, and different rock types. They can act 
as conduits for fluids and gasses to migrate through which can pose a geohazard risk and if faults are 
still active, they can pose a threat to seabed stability.

Like the previous example, Fig 5.5 is highlighting a much thicker sediment pile visible on the deep 2D 
seismic line compared to the SBP line where sediment cover appears to be relatively thin. Sediment 
waves are visible on the seabed in both, however, there appears to be a tectonic link between some of 
these and the underlying geology via faults.

Fig 5.5 The deep seismic line is again showing a lot more information and geological detail than the SBP line.
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Fig 5.7: Seismic cross section highting linkage between the 
underlying faults and the seabed.

Above is a seismic cross section which 
highlights the linkage between the                  
sedimentary and tectonic processes. It 
was established that listric faulting (red) 
did exist beneath the seabed and that 
the faults did sole out on a detachment 
surface. However, when looked at in 
greater detail it was noted that these 
faults changed orientation at a                                 
shallower depth and become Low Angle 
Reflectors (LAR, yellow) which are                      
sedimentological in nature and posed 
little threat whilst drilling a well.

Initially it was thought that these faults where still active at present and were responsible for the ‘pot 
holed’ nature of the seabed. In the seismic section on Fig 5.7 these faults appear to sole out on a 
detachment surface that is potentially ductile in nature and therefore could move.

The Fault Analysis Group (FAG) in Dublin were then contracted by the JV to undertake a thorough 
review of the area around the proposed well bores and to give their expert opinion on what geological 
processes where at play and to advise what were the potential risks associated with drilling in this 
area.

Case Study 6: An example from the oil industry of 
problematic seabed conditions offshore West Africa.

The above image is an example from 
Tullow Oil, where the joint venture (JV) 
partnership encountered problematic 
seabed conditions when planning a 
deep-water exploration well. The 
geohazard report which was compiled 
by an external 3rd party declined to give 
clearance to drill any of the proposed 
well locations due to the geotechnical 
risk associated with deep rooted 
seabed faults that posed slope stability 
issues that could lead to the initiation of 
a submarine slide whilst drilling.

Fig 5.6: Problematic Seabed, offshore West Africa.
 Image courtesy of Tullow Oil.
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This was an excellent result for the JV and resulted in the well being drilled without any incident                      
related to seafloor instability.  Studies such as these may prove appropriate for potential development 
sites in the ORE sector in Ireland and highlight the complex nature of the underlying geology. 

‘Our examination of this interval suggests that gravity driven faulting previously exerted a strong 
control on bed geometries but that sedimentological processes are the dominant control on the                       
present-day seabed topography at the planned well locations. We suggest that sea-bed undulations at 
the location of the planned wells are controlled primarily by complex patterns of sedimentation and 
erosion.’ Fault Analysis Group.

Additional Public Bodies as a Support to the ORE Industry

There are several public bodies that can also help support the development of the ORE industry in 
Ireland, these include but are not limited to

National Parks and Wildlife

Environmental Protection Agency

Dept Housing Planning and Local Government

Dept Agriculture Fisheries Food and Marine

An Bord Plenala

Eirgrid

SEAI

Enterprise Ireland

In addition to the various public bodies that can offer support to the ORE industry there are several 
research groups currently supporting the industry under various guises.Irish Centre for Research in 
Applied Geosciences (ICRAG), who state ‘we are a team of researchers creating solutions for a more 
sustainable society’ are a valuable knowledge base from which the ORE sector can draw from. 

Research Support
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ICRAG helps further the understanding of its natural resources and how they can best serve the 
ultimate goal of long-term sustainable development in Ireland. As an SFI research centre, iCRAG 
encompasses the broad community of Irish geoscience researchers and engages with industry 
partners from diverse geoscience-related sectors, including minerals, groundwater, marine, geotechni-
cal, petroleum and ORE. iCRAG serves the crucial purpose of bringing academic, semi-state and          in-
dustry bodies together in one forum, ensuring currency, relevancy and accuracy is retained in all 
Centre activity. Current iCRAG partners include 7 academic institutions, 5 state policy partners and 
more than 60 industry partners.

ICrag are also currently working on numerous projects which may be of additional benefit to the ORE 
sector, particularly the coastal and material stability projects which has implications for enhancing 
ground models in certain areas.

Among these are the Fault Analysis Group in University College Dublin (UCD). They are a world class 
structural geology research group who regularly link with the oil and gas industry to solve problematic 
seabed and subsurface issues and have worked on a variety of projects across the globe. The group 
is highly respected internationally and has a strong working relationship with the energy industry.            
Liaising with this group could be of benefit to the ORE sector.

MaREI is the Research Centre for Energy, Climate and Marine research and innovation co-ordinated by 
the Environmental Research Institute (ERI) at University College Cork. The Centre comprises over 200 
researchers focusing on defined global challenges such as the Energy Transition, Climate Action and 
the Blue Economy. It has 75 industry partners and collaborates across 36 countries.

University College Cork where heavily involved the compilation of the Eirwind report. At the end of July 
2020, they published a comprehensive report titled ‘Eirwind Buleprint for Offshore Wind in Ireland 
2020-2050’.  Eirwind is a in an industry led research project aimed at developing a blueprint for 
offshore wind development in Ireland. 

The Sustainable Energy Authority of Ireland (SEAI) promotes a more sustainable energy future from 
home energy efficiency to the development of an offshore renewable energy industry.  They have 
invested over €400 million into energy projects and completed more than 230 community energy 
projects. They offer funding for energy research and innovation projects through their RD&D research 
funding programme.
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Enterprise Ireland also offer a variety of funding supports for companies who are based in Ireland but 
want to grow their business globally with innovative ideas. Many ORE companies would be suited for 
such applications. 

Wind Energy Ireland formerly IWEA is the representative body for the Irish wind industry working to 
promote wind energy as part of the country’s low-carbon energy future. It has over 150 members and 
is an all-Ireland body.

Marine Renewable Industry Association (MRAI) is another all-Ireland body which represents                     
companies and bodies who work in the marine renewables emerging technologies fields of wave, 
tidal, floating wind and hybrid energy. 

The Bryden Centre is a cross border renewable research centre funded by the EU. It is aimed at 
harnessing the renewable energy potential for the Republic of Ireland, Northern Ireland and Scotland.  

There are many other Irish research groups and bosies whose work is applicable to the ORE sector 
and all the major universities are funding some research which is applicable to the sector. 

Internationally, the ORE Catapult is the UK’s leading technology, innovation, and research centre for 
offshore renewable energy and provide an excellent knowledge source for developers in the Irish ORE 
sector to help further their understanding of the industry. They have the advantage of having access 
to a much more mature ORE industry in the UK.



Summary
There are many additional sources of relevant information and knowledge that complement 
the INFOMAR programme that can assist with the development of an ORE industry in Ireland.

The Petroleum Affairs Division (PAD) holds a wealth of additional information that is of benefit 
to the ORE sector.  It has a vast amount of geological and geophysical data that could provide 
additional benefit for the ORE sector and when integrated with the existing INFOMAR and GSI 
products could prove to be an immensely powerful tool to enhance the understanding of the 
subsurface and refinement of ground models.

Expertise is required in detecting geophysical / geotechnical anomalies across a variety of 
datasets and will prove invaluable in helping to resolve the non-uniqueness of the subsurface 
model. 

Often problematic seabed conditions and shallow hazards can relate to the deeper geology.  To 
understand the underlying local and larger scale tectonics it requires the integration of deep 
seismic and well data where available.

Correlating the deep seismic with the shallow geophysical datasets in the Irish offshore really 
enhances the understanding of the subsurface. As demonstrated the deep seismic lines           
highlight a much more complex tectonic story.

The sedimentary package is better resolved and imaged when compared to the SBP lines in the 
same area and gives a more accurate measurement of depth to bedrock which is an essential 
requirement for any development.

There is clear linkage between several deep-rooted faults and the seabed in numerous places 
and this has implications for ORE development. Sites should be avoided where there are active 
faults on the seabed as these are geohazards that can cause seafloor instability. 

In addition to the various public bodies that can offer support to the ORE industry there are 
several bodies and research groups currently offering support to the sector.  
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6. Value proposition for Industry engagement 
with data and knowledge brokers

The INFOMAR datasets and products have already proved extremely valuable to the ORE sector in 
Ireland, particularly in the scoping phase as these datasets highlight areas that are problematic for 
offshore windfarm development. When these projects enter the development and installation phases 
the potential for cost savings will be significant – provided the data is used and interpreted correctly 
by a competent entity. Conversely, a failure to process and interpret the data correctly, or an inade-
quate understanding of the interplay between subsurface conditions and their geophysical expression 
through the recorded data will ultimately cost money and time – something the ORE companies and 
government will wish to avoid. 

Case Study 7. The Eirgrid Celtic Interconnector Project

seafloor complexity which could prove challenging for marine infrastructural projects such as the 
Celtic Interconnector. 

This data assisted the Celtic route development for the marine landfall which is now more favourable 
as an offshore installation solution compared to the original surveyed routes. It is estimated that this 
will deliver marine installation savings of approximately €8.5 million by avoiding 10-15km of rock 
cutting and remedial protection. It will also result in lower impacts to the environment as it avoided the 
use of specialist rock cutting tools and external cable protection. This is a great example of how the 
INFOMAR datasets can reduce costs when used correctly in an area.

In 2018 the RV Keary acquired data as part 
of INFOMAR’s national inshore surveying 
programme.  This data delivery was 
fast-tracked at the request of the Celtic                     
Interconnector project so that it could be 
incorporated into assessments for potential 
landfall locations. The study area consisted 
of extensive rock outcrop, featuring inclined 
and deformed bedding intercut by sediment 
filled channels and heavy faulting. A smooth 
veneer of sediment overlaying bedrock is the 
dominant seafloor characteristic to the west 
of the study area which highlighted the

Fig 6.1: 3D visualization of the seabed in the area described 
above. Source INFOMAR
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The Celtic Array and Atlantic Array offer two good case studies which highlight the need for increased 
engagement between the INFOMAR programme and the ORE industry. 

These are examples of two lost projects which were abandoned or compromised due to insufficient 
site data or knowledge of how to correctly interpret this data.
As outlined in the previous sections it is imperative to have full knowledge of the regional and localised 
geology, bathymetry and the interplay between the tectonics and the seafloor before commissioning 
an offshore windfarm development.

It is essential to review case studies such the Celtic Array offshore windfarm which was proposed to 
be located offshore UK in the Irish Sea.  This project was a joint venture between Centrica and Dong 
Energy which was scrapped in 2014 as the ground conditions proved to be too problematic for the 
development to proceed.  At the time of terminating the project, millions of euros had already been 
invested in the project. 

Case Study 8. Celtic and Atlantic Array Lost Projects

Fig 6.2: Location Map of Proposed Celtic Array Project. Source: Offshorewind.biz



Fig 6.3: Location Map Proposed Atlantic Array Development. 
Source RWE.
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In January 2010 Centrica was awarded the license to develop the Irish Sea round 3 zone; the zone had 
a total area of 2,200 km2 (850 sq mi) with an estimated potential of 4.2 GW through wind power                  
generation. In March 2012 Centrica and Dong Energy formed a joint venture to develop the wind farm 
zone, acquiring 50% of Centrica Energy Renewable Investments Ltd., the Irish Sea wind farm                           
development subsidiary, at a cost of £40 million. [4]

The site was split into three zones: a north-east zone of 359 km2 (139 sq mi) with 1 to 2 GW estimated 
capacity; a south-west zone of 255 km2 (98 sq mi) with 0.5 to 0.8 GW; and a south-eastern zone of 617 
km2 (238 sq mi) with 1.4 to 2.6 GW.

The seabed of the wind farm zone consisted of sand/gravel, or glacial material including sand/gravel 
and boulders in Diamicton (mud/sand). Below the seabed surface strata include boulder clays and 
tills. Bedrock was located at between seabed level and 100m below seabed, with deeper levels at the 
west of the zone.

In 2014 Centrica plc and DONG Energy jointly 
decided to cease development of wind farms in 
the Irish Sea Zone through their 50/50 joint 
venture vehicle Celtic Array Limited (“Celtic 
Array”).

The decision was taken to stop development after 
a geotechnical assessment of the area, which had 
confirmed challenging ground conditions that 
made the project economically unviable to                                      
develop.

A spokesperson for the project stated “We’re disappointed not to be progressing with our work to               
develop wind farms in the Irish Sea Zone, however our assessments have shown that ground                     
conditions are such that it’s not viable for us to proceed with the technology that’s available at this 
stage. We’re extremely grateful for the support that has been shown to us and would like to thank             
everyone who has taken part in the development of our proposals for the Rhiannon wind farm and 
other potential projects.”

In 2013 RWE walked away from the Atlantic Array offshore windfarm project which was proposed to 
be developed outboard of the Bristol channel in the UK. It was stated to be a 4 billion GBP project with 
the potential to generate 1.3GW. RWE had been working on the project from 2008 and in 2013 decided 
to withdraw from the project siting ‘adverse seabed conditions’.
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The potential site was located 9.6 miles (15 km) off the coast of north Devon, and around 13.5 miles 
(22 km) off the coast of South Wales, near the island of Lundy. Originally proposed by Farm Energy, 
now part of RWE npower renewables, the company won the lease development rights from the Crown 
Estate. The proposals included up to 240 wind turbines, which RWE npower said was enough to power 
up to 900,000 homes with renewable energy. The capacity was expected to be 1.2 gigawatts, so it 
would have been one of the world's largest offshore wind farms.

The project had been in the early development phase for 5 years and an estimated £13 million (EUR 
15.6 million) was spent on the project at the time the decision was taken to abandon it. Outlining the 
reasons behind its decision, RWE said the wind farm faced substantial technical challenges. These 
include bedrock, a water depth of 45 metres, difficult currents and "incredibly challenging" seabed 
conditions that also included mobile sediment waves. "The guys on the project looked at what            
technology was available and came to the conclusion that to use current technology would be very 
expensive and that floating turbines might be better," a spokesman said. 

These case studies highlight the need to understand the geophysical and geological datasets as early 
as possible otherwise there is a risk of investing large amounts of capital in an untenable project This 
emphasises the need for close interaction between the INFOMAR programme and the ORE industry.

The products from the INFOMAR programme when utilised and interpreted correctly are invaluable to 
the ORE industry when establishing their plans for development and feed directly into the Final                    
Investment Decision (FID). Often the root cause of failures in major projects can be traced back to     
inadequate planning i.e. insufficient data/knowledge and lack of clear communication between the 
stakeholders.

The INFOMAR dataset which includes multibeam echosounder data, pinger,sparker data, etc. has 
already proven to be extremely useful in the scoping phase of ORE development in Ireland. These            
datasets, when interpreted correctly, can help rank offshore areas in terms of how suitable the seabed 
and subsurface is for an offshore development. This allows for ‘sweet spot’ areas to be high graded 
and looked at in more detail in the development phase. 

However, before these projects go into an installation phase new high-resolution site surveys will be 
required. Repeat bathymetric surveys will be invaluable to understand if sediments in a specified area 
have moved over time and if so at what rate. This in turn will lead to better decision making on projects 
with the potential for significant time and cost savings. The INFOMAR programme may want to 
become involved in these high-resolution site surveys or they may opt out leaving it for private industry 
to acquire. Targeted seabed-sampling as part of a wider geotechnical campaign would also enable 
better understanding of seabed distribution and assist with future sediment dynamics studies. 
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Figs 6.4, 6.5 and 6.6 highlight some seismic and well images taken from an offshore oilfield in West 
Africa. 4D time lapse seismic data proved invaluable on this project for the optimal placement of 
deep-water producer and injector wells. This data when interpreted correctly allowed for more efficient 
sweep of the oil filled reservoirs. As there is a high cost associated with acquiring, processing,                               
interpreting and integrating time lapse data a Value Of Information (VOI) study was commissioned 
prior, in order to ultimately support the acquisition of new data at a given time. These studies                                     
ultimately led to improved business decisions being taken, in particularly in the early stage of the 
project lifecycle as additional data early on brings many benefits to the overall project.

Case Study 9. The use of 4D data in an offshore 
oil field, West Africa

An additional benefit of having a baseline survey is that when a new survey is acquired, one can look 
at it as 4D time lapse data and this will be extremely powerful in ascertaining what the potential 
hazards are as they have the ability to pick mobile sediment waves and any other changes seen in the 
data in the form of differences.

Fig 6.4: Seismic Difference Volume with various wells and well proposal. 
Image courtesy of Tullow Oil.

Fig 6.5: Map view of the oil field with wells and well proposal. 
Image courtesy of Tullow Oil.

The images above where used predrill when the team was planning a new oil producer in an offshore 
field in West Africa. The seismic image above is a 4D difference volume which was generated from 
subtracting differences in the seismic from the baseline survey in 2003 to the monitor survey in 2010. 
The well was planned to be drilled in 2014. You can clearly see the amplitude change at the existing 
producer which is being caused by pressure and saturation changes in the reservoir. The area where 
the new producer is being planned is showing no change at the reservoir target on the 4D volume. In 
the Map view to the left you can see then oil filled reservoirs as orange amplitudes and the 4D change 
due to production in purple. The proposed producer was targeting oil filled reservoirs with no                            
saturation or pressure changes and therefore tapping into previously undeveloped resources.
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The image above in fig 6.6 highlights the post well outcome for the newly drilled producer. The team 
were surprised when the well drilled through the oil filled reservoir to discover that the Gas Oil Contact 
(GOC) was 13m lower than anticipated and that the Oil Water Contact (OWC) was 4m higher than pre 
drill expectations. The reason being that the existing producer seen in figs 6.4 and 6.5 had depleted 
some of the reservoir in this location through a tenuous connection. This resulted in the well not 
producing as much oil as anticipated and having a lower ultimate recoverable resource.
Changes in saturating and pressures where not seen in the 4D seismic dataset at the proposed                       
location, the reason being that the baseline survey was shot in 2003, the monitor survey was acquired 
in 2010 and the well was drilled in 2014. This meant there where 4 years between the last monitor 
survey and when the new well was drilled, that’s 4 years of additional production at the existing produc-
er in Fig 6.4 and 6.5. In that period the existing producer established a connection to the reservoir in 
the new well location and had begun to deplete that reservoir. 

A key lesson learned from this is that the frequency of the monitor surveys plays a key role in detecting 
change within the reservoir. This goes hand in hand with complexity of the reservoir. You must                  
consider at what point you would no longer trust the interpreted sweep patterns vs field injection rates 
employed after monitor survey and adjust survey frequency and/or drilling activity accordingly.

These are valuable lessons that can be adopted for the ORE sector in Ireland. Any bathymetric or 
seismic survey that is being used in building your ground model must be considered as only a                   
snapshot in time and to gain a thorough understanding of the seabed and subsurface repeat surveys 
are essential otherwise you run the risk of encountering unforeseen problems which have time and 
cost implications for a given project.

Fig 6.6: Drilled producer well on inverted seismic data, the oil filled reservoir can be seen in yellow. 
Image courtesy of Tullow Oil.

Post well learnings:

• Post 4D changes apparent, resulting in 
lower in place volumes and ultimate                      
recovery
• Reservoir Pressure 265 psi depleted due to 
drainage from existing producer
• GOC 13m lower, OWC 4m higher



Summary
The INFOMAR datasets and products have already proved extremely valuable for the ORE 
sector in Ireland, particularly in the scoping phase as these datasets high grade areas for 
offshore development.

The Eirgrid interconnector project used the INFOMAR data to assist with the optimal cable 
route development for making marine landfall. The marine installation cost savings were               
significant, and it provides a great example of how the INFOMAR datasets can reduce costs 
when used correctly in an area.

The Celtic and Atlantic Array case studies are examples of two lost projects which were               
abandoned or compromised due to challenging ground conditions that made the projects 
economically unviable to develop.

It is imperative to have full knowledge of the regional and localised geology, bathymetry and the 
interplay between the tectonics and the seafloor before commissioning an offshore                          
development.

Repeat high-resolution bathymetric surveys will be required to understand the mobility of              
sediments in a specified area. The INFOMAR dataset can act as a baseline survey from which 
future surveys will emanate.  

The frequency of monitor surveys plays a key role in detecting dynamic changes on the 
seafloor and feeds into project decision making. 

The earlier such operational risks are identified the better, otherwise a company may invest 
large amounts of capital in an untenable project This emphasises the need for close interaction 
between the INFOMAR programme and the ORE industry.
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7. Conclusions and Recommendations   

It is essential for both the INFOMAR programme and the ORE sector to have enhanced engagement 
with one another and to collaborate were possible to help develop the industry. The INFOMAR dataset 
has already provided a valuable baseline for the sector to begin scoping their projects. Through the 
data gap analysis performed in this report, each product has been reviewed, their benefits extolled, and 
some recommendations given to enhance their ability to support the ORE sector.

Many key stakeholders have been contacted whilst compiling this report and there is huge admiration 
and positivity for what the INFOMAR Programme has achieved, it has a lot to be proud of and is                           
becoming of great importance to the ORE industry. The open data policy which contains bathymetric 
maps and various products provide an essential toolkit for Ireland’s ORE sectoral development, in 
particular site selection, subsea infrastructure, and landfall. This is highly commendable as such                     
datasets usually have costs associated with them as they are expensive to acquire and process.  

However, there are definite areas where improvement can be made with acquisition gaps, data quality 
variability, user interfaces and standardization all key areas that have formed part of the feedback 
when compiling this report.

The consensus from both industry and research is that this is an excellent dataset that has been 
acquired and processed to international hydrographic standards.  It produces high quality digital maps 
that are easily accessible through the INFOMAR data portal. 

Data acquisition gaps should be considered, particularly off the West and South coasts as there are 
areas where data still needs to be acquired as part of programme strategy to end 2026. The intertidal 
zone, the area between the nearshore and foreshore known as the ‘white ribbon’ has also been                    
highlighted by various developers where there is a paucity of data. This is a difficult zone to operate 
and survey in, due to the dynamic and sometimes challenging environment. INFOMAR have                              
undertaken some pilot studies on how best to address this. Surveying with boats at high tide and 
acquiring data with drones at low tide has been found to be an effective solution. This method was 
employed for potential landfall sites for the Celtic interconnector project. 

(i) Bathymetric Data
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Recommendation: Acquire high resolution bathymetric data where there are currently gaps.

The overall view is that this is a good quality dataset that offers another tool from which you can help 
refine the ground model and understanding of an area. It is a harmonized dataset but must be used 
with caution as it is a relative acoustic property that has not been quantified. The result of this is whilst 
you will get variable changes in acoustic energy over specific areas, when comparing to other areas 
around the coast they are not comparable as it is only a relative reading. Care must be taken when 
interpreting solely using the backscatter data as it can give a ‘hard’ signal in places where the grab 
samples have found sand. The reason for this could be that the sand may have some carbonate 
cement through the matrix, or it is finer grained, than other areas. The pitfall would be to see a 
hard-acoustic signal on the backscatter and misinterpret this as bedrock. This highlights the need for 
the INFOMAR products to be integrated together rather than being used in isolation to further enhance 
the understanding of the seabed. 

(ii) Backscatter Data

Fig 7.1: Image demonstrating the integration of 
onshore and offshore data

Recommendation
Acquire high resolution backscatter data where there are currently gaps, calibrate 

the response where possible with grab samples and cores.
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The primary driver and deliverable for the INFOMAR programme is the completed baseline bathymet-
ric mapping of the Irish seabed. It has a wide range of benefits to multi-sectoral end-users not just the 
ORE industry.  As a consequence of this, the sub bottom profile (SBP)data (shallow seismic) has 
suffered somewhat as it is necessarily considered a value-added product

The SBP data is the most important geophysical dataset for constructing an accurate ground model 
and designing the engineering solution, particularly for offshore fixed bottom installationsData quality 
is variable, ranging from poor to good as can be seen in Fig 7.2. The survey acquisition has been 
optimally designed for acquiring the bathymetric data, which may account for some of the poorer     
quality lines. There is a definite improvement in the SBP data as the programme evolved over time, this 
is to be expected as key learnings and advancement in techniques fed into enhanced acquisition and 
processing. 

As described in chapter 3, the SBP processing and reprocessing is key to unlocking the value of this 
dataset. Higher end software packages such as those used at DUG, offer advanced processing                  
capabilities, and allow for key geological information to be teased out of the data. Single channel               
datasets can prove difficult to remove the seabed multiple from as there is no offset, multi-channel 
data would be preferable from a processing and interpretation perspective and would aid accurate 
depth conversion using velocity information. 

158 of 270 surveys have acquired SBP data, the feedback from industry is that they would like more 
of these surveys acquired, particularly sparker data as it offers deeper subsurface penetration A    
standardized approach used for the acquisition, processing, and formatting of these datasets is also 
desirable.  The SBP/Shallow Seismic user interface needs to be updated and the data needs to be 
made more accessible and more detail provided about the SBP data in the acquisition reports. 

(iii) SBP Data 

Recommendation
Acquire additional high quality SBP data where there are gaps, standardize the SBP 
dataset, improve the user interface to make the date more accessible, reprocess the 

current dataset, acquire multi-channel data where possible.
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Recommendation
A standardised approach to the sampling programme across all areas.

Care must be taken when using these samples for seabed classification maps as the sediments can 
be mobile and may not be a representative sample of what is in situ on the seabed. Sampling                           
acquisition appears to be sporadic in places, with no standard approach. In some areas there are 
clusters of grab samples, whilst other areas samples are sparser. This can often be as a result adverse 
weather conditions making it difficult carry out this operation.

(iv) Grab samples

The lack of cpts and core data is a  limiting factorwhen attempting to validate and constrain the 
geophysical model. A ground model is only as accurate as the inputs that go into it. Intrusive sampling 
is needed to help engineer the correct design solution. It is impossible to get past early development 
stages without coring as you do not know exactly was lies beneath or what the sediment properties 
are. Faults and shallow hazards are also an important consideration, as these should be avoided if 
possible or an engineering solution found. It can take up to 2 years to get permits for the invasive 
coring program, as a comparison this is approximately 12 weeks in the UK. 

CPTs and cores are currently outside the scope of work for the INFOMAR programme however                   
additional coring would be of huge benefit to the ORE sector.  A model could be followed like the                 
Petroleum Infrastructure Program (PIP) in the oil and gas industrywhich was set up to promote                    
cooperation amongst stakeholders to help develop the industry. Something similar in the ORE sector 
could work well.

(v) Geotechnical constraints.

Figure: 7.2: Examples of variable quality SBP data, poor quality (L) and good quality (R).
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A research fund through an entity like SEAI could match what industry is putting in for additional 
surveys and coring programs with industry and INFOMAR working together to help validate and refine 
the ground models.

It is essential for the growth of the ORE industry in Ireland that these relationships between the                      
INFOMAR programme and ORE stakeholders are initiated and built upon in a constructive and                       
collaborative manner that will lead to lasting mutually beneficial engagement between them.                
Stakeholder mapping and the subsequent stakeholder engagement are needed for achieving this. 
Close engagement regarding project planning and risk assessments is needed.

Recommendation
The creation of a shared stakeholder programme between public and private bosies for 

the ORE sector. Additional coring and sampling when surveying in areas.

Recommendation
Create an online user-friendly data hub for all INFOMAR products that can be expanded 

in time to include other relevant public bodies to the ORE sector. 

As demonstrated in chapter 5, other public bodies outside of INFOMAR hold a lot of additional data 
which may be of benefit to the ORE industry and data integration is key.

The PAD holds a wealth of information that could be of use to the ORE sector. Offshore wind, CCUS, 
geothermal and hydrogen projects could all benefit from integrating this dataset. There are also other 
public bodies that hold key information about the environment, ecology, fisheries, marine transport etc 
that is useful for the ORE sector. The creation of an online user-friendly data hub beginning with the 
INFOMAR datasets but later expanding or linking to other key areas would be an immensely powerful 
tool.

(vi) Data integration with other public bodies



A wide range of stakeholders across the ORE sector where contacted for the compilation of this report 
and whilst the focus of the report has been the INFOMAR programme and its products, many good 
discussions where had about ORE development in Ireland, where it is currently, where is wants to 
evolve to and what key enablers can facilitate this happening.

Policy makers, capital providers and industry need to work together to ensure that everyone is pulling 
in the same direction to achieve the common goal of reaching the 2030 targets and becoming a low 
carbon economy that is a net exporter of energy in the future.

The timelines for these projects are typically 7-10 years, which means for targets to be met action 
needs to happen now. The consenting process was a consistent point of consternation amongst devel-
opers. Currently 3 permits have been granted, Arklow, Codling and Oriel. If these are developed, they 
will generate approx. 2GW of power, well below the 2030 target. 

The Marine Planning and Development Management Bill (MPDM) has been debated in the Oireachtas 
recently and it hoped that this will be enacted in early 2021. This should streamline the process with 
an Bord Pleanála being responsible for license applications. The bill should also allow for the                       
applications for licenses outside of 12 nautical miles to match Irelands Exclusive Economic Zone 
(EEZ), this has important implications for emerging technologies such as floating wind.

Renewable Energy Support Scheme (RESS) auctions could occur in 2022. There is a worry that the 
winning bids could be made by developers who potentially may never be awarded a license if their 
applications are rejected. There needs to be a synergy between the award of permits and the RESS 
auction bidders.

Grid infrastructure will also need to evolve for the government targets to be met. Offshore projects will 
need to be able to connect to the grid and the grid will have to increase from its current capacity. In the 
longer term if Ireland wants to be a net exporter of energy, larger interconnectors will have to be 
constructed to the UK and Europe. Ireland runs the risk of having stranded resources if the                              
infrastructure does not evolve in time. There needs to be a more holistic approach taken between the 
grid and developers, whereby they are working together to ensure their common goals are met. 

Intermittency is an issue faced with renewable energy. In the UK, gas is the main back up to the grid. 
In Ireland Kinsale is being decommissioned and Corrib is on decline, which means Ireland will be 
dependent on gas being imported from the UK and Russia.  

The evolution of the ORE Sector in Ireland
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The grid operator will need to balance the load and storage capacity becomes important. Pumped 
hydro and battery technology can offer solutions to this, but these are also expensive.

Building the supply chain is an important factor that needs to be considered when scaling up. The UK 
market divided into 8 infrastructure hubs for their ORE industry. Rosslare, Cork, Shannon Foynes,          
Moneypoint. Galway, Killybegs, and Belfast are all potential infrastructure hubs and Ireland needs a 
strategic plan if it is to avoid developers using the UK as a supply base. 
 
Scaled innovations are needed for a sustainable future and technological advances are key to                      
realising this. Floating wind appears to be close to becoming commercialised and this technology will 
help harness the power potential off the South and West coasts.  

LCOE is falling on these projects and for them to become more economical, production needs to be 
scaled up. Floating turbines can operate in waters depths of up to 900m currently, which opens up 
access to a large potential resource around our coast. Floating substation technology will need to 
evolve, otherwise you risk being rooted to shallower depths for a fixed substation. Deep water ports 
will be essential for the construction of these large-scale projects.

Hydrogen is seen by many as the fuel of the future and this could be tied in with many of these innova-
tive projects. Green hydrogen can be produced as a product from renewable wind generation and 
could provide a long-term solution for the replacement of fossil fuels. Our energy independence 
cannot be secured until we have a sustainable and viable alternative. Many developers are building 
their sustainable business strategies around this premise.

For the long term goals to be achieved, the ORE industry is going to have to work together and there is 
a need for effective engagement with all stakeholders where key tenants have a clear set of agreed 
objectives, deliverables, and a clear definition of roles and responsibilities. A clear communication 
strategy and agreed constraints of time, cost and resources are what is required to deliver these 
projects and realise the potential of Irelands ORE sector.
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Recommendation
Facilitate a stakeholder workshop for advancing ORE development and shared 

prosperity in Ireland.
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