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Defined Terms 

Term Definition 

Applicant Cerulean Winds Aspen Project Limited. 

Aspen Array Area The area in which the generation infrastructure for Aspen Offshore Wind 
Farm (OWF), including Wind Turbine Generators (WTGs) and Offshore 
Substation Platforms (OSPs) will be located. 

Environmental Impact 
Assessment (EIA) 

A statutory process whereby planned projects must be assessed before a 
formal decision to proceed can be made. It involves assessment 
requirements outlined in the EIA Regulations, including the collection and 
consideration of environmental information, which fulfils the publication 
of an Environmental Impact Assessment Report (EIAR). 

Floating Foundations The foundations on which the Wind Turbine Generators (WTGs) are 
installed. 

High Voltage Direct 
Current (HVDC)  

Refers to high voltage electricity in direct current form where current 
flows in one direction only. HVDC supports longer transmission 
infrastructure due to not experiencing reactive losses.  

Inter-array Cables 
(IACs) 

Cables which link the Wind Turbine Generators (WTGs) to each other and 
to the Offshore Substation Platforms (OSPs) within the Aspen Array Area. 

Inter-link Cables  Cables that will link Offshore Substation Platforms (OSPs) within the 
Aspen Array Area.  

Landfall  The area between Mean Low Water Spring (MLWS) and Mean High Water 
Spring (MHWS) where the Offshore Transmission Cables (OTCs) will 
connect onshore to offshore. 

Likely Significant Effect 
(LSE) 

In the context of Environmental Impact Assessment (EIA), a Likely 
Significant Effect (LSE) refers to a predicted environmental impact of a 
proposed development that, by its nature, magnitude, duration or 
likelihood, has the potential to be significant in the context of the EIA 
Regulations. This determination is made during the EIA screening and 
scoping stages and helps establish whether a full EIA is required and what 
topics should be assessed in detail. 

Marine Directorate The Directorate responsible for the integrated management of Scottish 
waters. Acts on behalf of the Scottish Ministers. 

Offshore 
Environmental Impact 
Assessment Report 
(Offshore EIAR) 

The published report of the EIA that will be undertaken for the Proposed 
Development. 

Offshore Substation 
Platform (OSP)  

Offshore platform consisting of High Voltage Alternating Current (HVAC) 
substations or High Voltage Direct Current (HVDC) substations. 

Offshore Transmission 
Cable Corridor (OTC 
Corridor) 

The area within which the Offshore Transmission Cables (OTCs) will be 
installed. 

Offshore Transmission 
Cables (OTCs) 

The subsea electricity cables running from Landfall in the region of 
Stonehaven to the Offshore Substation Platform(s) (OSP(s)) in Aspen 
Array Area. The OTCs will act as both a demand and supply cable. The 
OTCs will provide both traditional supply of power to grid but also 
ensures robust secure power supply to oil and gas assets when the Aspen 
Array Area is not generating sufficient renewable power to support their 
demand. 
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Term Definition 

Offshore Wind Farm 
(OWF) 

The proposed generation infrastructure comprising of Wind Turbine 
Generators (WTGs) and associated, Offshore Substation Platform(s) 
(OSP(s)), foundations and substructures and Inter-array Cables (IACs). 

Project Aspen Offshore Wind Farm (OWF) - comprises the wind farm and all 
associated offshore and onshore components. 

Proposed 
Development 

The offshore components of the Project (Aspen Offshore Wind Farm) 
which include all offshore infrastructure associated with Aspen Array Area 
and the Offshore Transmission Cables (OTCs). 

Wind Turbine 
Generator (WTG) 

The wind turbine that generates electricity consisting of tubular towers 
and blades attached to a nacelle housing mechanical and electrical 
generating equipment. 
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Abbreviations 

Abbreviation Definition 

ADCP Acoustic Doppler Current Profiler 

BEIS Department for Business, Energy and Industrial Strategy 

BGS British Geological Survey 

BHS British Hydrological Society 

BODC British Oceanographic Data Centre  

Cefas Centre for Fisheries and Aquaculture Science 

CMEMS E.U. Copernicus Marine Service Information  

CREW Centre of Expertise for Waters  

EIA Environmental Impact Assessment 

EIAR Environmental Impact Assessment Report 

EMODnet European Marine Observation and Data Network  

ES Environmental Statement 

GCR Geological Conservation Review 

HVDC High Voltage Direct Current 

IPCC Intergovernmental Panel on Climate Change  

JNCC Joint Nature Conservation Committee 

KP Kilometre Point 

LSE Likely Significant Effect 

MBES Multibeam Echosounder 

MHWN Mean High Water Neap 

MHWS Mean High Water Spring 

MLWN Mean Low Water Neap 

MLWS Mean Low Water Spring 

MPA Marine Protected Area 

MSL Mean Sea Level 

NASA National Aeronautics and Space Administration 

NMPi National Marine Plan Interactive 

OESEA Offshore Energy Strategic Assessment 

OSP Offshore Substation Platforms 

O&G Oil & Gas 

OTC Offshore Transmission Cable 
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Abbreviation Definition 

OWF Offshore Wind Farm 

PSA Particle Size Analysis  

RCP Representative Concentration Pathways 

SSS Side Scan Sonar 

SSSI Site of Special Scientific Interest 

SPM Suspended Particle Matter 

UKCP UK Climate Project 

WTG  Wind Turbine Generator 

ZoI Zone of Influence 

 

Units 

Unit Definition 

º Degree 

%  Percentage 

km Kilometre 

m Metre 

m/s Metre per second 

m/y Metre per year 

mm/y Millimetre per year 

mya Million years ago 

s Seconds  

y Year 
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1 Marine and Coastal Processes  

1.1 Introduction 

 Cerulean Winds Aspen Project Limited (hereafter referred to as the ‘Applicant’) is proposing to 

develop the Aspen Offshore Wind Farm (hereafter ‘the Project’). The Project is made up of both 

offshore and onshore components. The subject of this Offshore Environmental Impact 

Assessment Report (Offshore EIAR) is the offshore infrastructure of the Project seaward of 

Mean High Water Spring (MHWS) which is hereafter referred to as ‘the Proposed 

Development’. 

 The Aspen Array Area covers an area of, approximately, 333 km2 and is located, approximately, 

84 km east from Peterhead on the east coast of Scotland. The Proposed Development includes 

Wind Turbine Generators (WTGs) and associated Floating Foundations, Offshore Substation 

Platform(s) (OSP(s)) and associated foundations, Inter-array Cables (IACs), Inter-link Cables, 

Offshore Transmission Cables (OTCs) and Landfall, which will be located directly either to the 

north or south of Newtonhill (Figure 1.1). 

 To provide the most accurate baseline assessment both potential locations for Landfall will be 

characterised within this report. 

 This Appendix of the Offshore EIAR provides a detailed baseline description of marine and 

coastal processes within the study area as identified in Figure 1.1, including the following 

elements: 

▪ Hydrodynamic regime, including waves, tidal and non-tidal influences, and frontal systems; 

▪ Geological baseline, including geology, surficial sediments and seabed morphology; and 

▪ Sedimentary regime, including bedload, littoral and suspended sediment transport. 

 The understanding of the marine and coastal processes baseline underpins the assessment of 

potential impacts from the Proposed Development as presented in Volume 2, Chapter 7: 

Marine and Coastal Processes. 

 This Appendix refers to the design of the Proposed Development as described in Volume 1, 

Chapter 3: Project Description of the Offshore EIAR. 

 This Chapter has been authored by GoBe Consultants Ltd on behalf of the Applicant. 

1.2 Purpose of the Appendix 

 The purpose of this Appendix is to provide a contemporary and comprehensive analysis of site-

specific and regional marine and coastal processes data within the study area for the Proposed 

Development. This baseline description describes how the processes operating within this 

system link together and evolve in response to applied natural and anthropogenic forces. 

 The information compiled in this paper forms the baseline characterisation of the receiving 

environment for the purpose of undertaking an Environmental Impact Assessment (EIA). The 

remainder of this report is structured as follows: 

▪ Definition of the study area (see Section 1.3); 
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▪ Outline of the data sources used to inform the characterisation (see Section 1.4). 

▪ A review of the current and future environmental baseline conditions of the study area (see 

Sections 2.1, 2.2 and 2.3); and, 

▪ Identification of Designated Sites of relevance to marine and coastal processes (see Section 

2.4). 

1.3 Study Area  

 The baseline description of marine and coastal processes environment provides a regional 

overview prior to focusing on the study area composed of the Proposed Development (near-

field) and the Zone of Influence (ZoI) (far-field) as presented in Figure 1.1. As such descriptions 

are provided for the following sub-areas: 

▪ Near-field, which includes the: 

▪ Aspen Array Area; 

▪ OTC Corridor; 

▪ Landfall; and 

▪ Far-field, which includes the: 

▪ Coastal and seabed areas outside the near-field areas, also called ZoI (see details in 

paragraph 1.3.3), but within the vicinity of the Proposed Development that may be 

influenced by marine and coastal processes. 

 Of note is that the OTC Corridor includes the transition from offshore to nearshore marine and 

coastal processes environmental conditions. 

 The study area is presented in Figure 1.1, which includes a buffer zone to represent a ZoI for 

impacts that may result from the Proposed Development. The ZoI has been defined using the 

maximum spring tidal excursion (paragraph 2.1.31) around the Proposed Development and 

conservatively scaled to represent a maximum distance of, approximately, 10 km. 
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1.4 Data Sources 

 The technical baseline environment has been established through an extensive review of the 

available primary data1, (Table 1.1) and secondary sources2 (Table 1.2), this includes: 

▪ Data available from a number of marine data portals; 

▪ Existing physical processes investigations and survey data from other Offshore Wind Farms 

(OWFs) and marine industries (including Oil & Gas (O&G)) in the vicinity of the study area 

(Figure 1.1);  

▪ Project-specific geophysical and benthic surveys within the Proposed Development; and 

▪ Desk-based hydrodynamics and geological publications. 

 The abundance of OWF in the area provides a rich source of data that can be utilised alongside 

site-specific surveys. Specifically, OWFs and O&G projects located between 10 km and 20 km 

from the Proposed Development (Figure 1.1) are used to characterise the baseline 

environment, both hydrodynamics and seabed, within the Aspen Array Area and the OTC 

Corridor (Table 1.2 Key Sources of Marine and Coastal Processes Literature and DataTable 1.2). 

1.5 Data Limitations 

 This section seeks to identify areas of uncertainty and any potential data gaps with respect to 

characterising the marine and coastal processes baseline. 

 Grab sampling provides detailed information (sediment; fauna) as singular data points, which 

must be interpreted alongside other relevant datasets. The project-specific surveys show good 

validation against pre-existing regional data and are therefore considered sufficiently robust to 

underpin the characterisation presented within this report. 

 Whilst survey data was unavailable (annual wave data and current direction), a general 

understanding of these characteristics could be obtained from other sources. For example, 

hindcast numerical modelling to determine annual wave heights, directions and periods. The 

age of data has been acknowledged and is considered accurate and as such has been 

incorporated into this baseline description.

 
1 Primary data refers to information that is collected directly from original sources for a specific research project or purpose. 
2 Secondary data refers to information that has been collected, processed, and published by another source and then being 

applied. 
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Table 1.1 Site-specific Reports to Inform Marine and Coastal Processes 

Source  Summary  Coverage of the Aspen Array 
Area and OTC Corridor  

Data Quality  

Geophysical and Environmental 
Survey (Gardline, 2025) 

Geophysical surveys analysing bathymetry 
and the shallow subsurface, along with 
environmental benthic sediment grabs. 

Complete coverage of the OTC 
Corridor and partial coverage of 
the Aspen Array Area for the 
geophysical survey, including 
sediment classification. 

High quality data 

Table 1.2 Key Sources of Marine and Coastal Processes Literature and Data 

Source  Summary  Coverage of the Aspen Array 
Area and OTC Corridor  

Data Quality  

Hydrodynamic Data (tides, non-tidal influences, waves, and frontal zones and stratification) 

Atlas of UK Marine Renewables 
Energy Resources (ABPmer et al., 
2008) 

Provides a high-level resource of marine 
renewable energy data, including 
hydrodynamic conditions and tidal energy. 

Full coverage of the Aspen Array 
Area and OTC Corridor. 

High for offshore data. 

British Oceanographic Data Centre 
(BODC, 2025) 

Oceanographic datasets, including tide, tide 
gauge, wave, and current data. 

Comprehensive offshore 
coverage; some nearshore 
datasets. 

High; robust, quality-checked 
datasets. 

SEASTATES Metocean Data and 
Statistics Map (ABPmer, 2018) 

Modelled metocean data, including wave and 
wind data, for offshore areas. 

Full coverage of the Aspen Array 
Area and OTC Corridor. 

High for offshore data, 
moderate nearshore. 

Morphology (bathymetry, geology, surficial sediments, seabed features and coastal form) 

European Marine Observation and 
Data Network (EMODnet) Data Portal 
(EMODnet, 2020) 

Bathymetry, geology, and sediment data for 
European seas. 

Full coverage of the Aspen Array 
Area and OTC Corridor. 

High; standardised European 
datasets. 

Joint Nature Conservation 
Committee (JNCC) Coastal Directory 
Series: Regional Report 3 North East 
Scotland: Cape Wrath to St.Cyrus 
(Barne et al., 1996) 

Regional assessment of coastal and offshore 
zones, including geology and habitats. 

Full coverage of the Aspen Array 
Area and OTC Corridor. 

Moderate; older publication 
but still valid. 
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Source  Summary  Coverage of the Aspen Array 
Area and OTC Corridor  

Data Quality  

Offshore GeoIndex Map (British 
Geological Survey (BGS, 2025) 

Geological mapping of seabed conditions, 
including sediment distribution and 
subsurface geology. 

Full coverage of the Aspen Array 
Area and OTC Corridor. High data quality. 

Strategic Environmental Assessment 
5 – SEA5 Seabed and Superficial 
Geology and Sediments Survey 
report (Holmes et al., 2004) 

Strategic environmental assessment focusing 
on seabed and sediment conditions in 
offshore UK waters. 

Full coverage of the Aspen Array 
Area and OTC Corridor. Moderate; older publication 

but still valid. 

Centre for Fisheries and Aquaculture 
Science (Cefas), Suspended Sediment 
Climatologies around the UK (Cefas, 
2016) 

Monthly and seasonal Suspended Particulate 
Matter (SPM) maps. 

Full coverage of the Aspen Array 
Area and OTC Corridor. 

High; SPM concentrations in 
surface waters derived from 
satellite data for the period 
1998 to 2015. Provides 
monthly, seasonal and annual 
indications of SPM for UK 
Territorial Waters. 

Future Baseline Conditions  

Coastal Futures Interactive Map (IHE 
Delft, 2021) 

Interactive tool for assessing coastal change, 
including erosion and sediment transport. 

Relevant for OTC Corridor and 
nearshore areas; limited 
offshore application. 

High for coastal processes data. 

Dynamic Coast 2: Scotland’s Coastal 
Change Assessment (Centre of 
Expertise for Water, 2024) 

Coastal change and erosion assessment for 
Scottish regions, focusing on long-term 
shoreline evolution. 

Landfalls; minimal offshore 
relevance. 

High for coastal data; specific 
focus. 

Intergovernmental Panel on Climate 
Change (IPCC) Sixth Assessment 
Report: Impacts, Adaption and 
Vulnerability (IPCC, 2022) 

Climate change impacts, including sea-level 
rise, erosion, and associated risks to coastal 
infrastructure. 

Broad-scale relevance to the 
Proposed Development. High; authoritative global 

reference. 

Sea Level Projection Tool – National 
Aeronautics and Space 
Administration (NASA) Sea Level 
Change Portal (NASA, 2021) 

Predictive tool for sea-level changes, offering 
localised projections under different climate 
scenarios. 

Useful for long-term trends 
affecting OTC Corridor and 
nearshore areas. 

High; derived from IPCC-
calibrated models. 
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Source  Summary  Coverage of the Aspen Array 
Area and OTC Corridor  

Data Quality  

UK Climate Projects Science report 
(UKCP18) Marine Report (Palmer et 
al., 2018) 

Provides projections of climate related 
marine conditions, including wave climate 
and sea-level rise. 

Good for long-term trends 
across the Proposed 
Development. 

High; comprehensive and peer 
reviewed. 

Dynamic Coast - Coastal Erosion in 
Scotland (Centre of Expertise for 
Waters (CREW), 2021) 

Sea level rise predictions for coastal locations 
and assessments of shoreline behaviour. 

Partial coverage of the OTC 
Corridor. High 

General 

National Marine Plan Interactive 
(NMPi) mapping tool (Marine 
Scotland, 2024) 

Interactive map containing data on geology, 
morphology, surficial sediments, coastal 
processes, and hydrodynamics. 

Full coverage of the Aspen Array 
Area and OTC Corridor. 

A range of mapped data 
sources with differing 
pedigrees and spatial/temporal 
distribution available for 
viewing and assessment. 

Marine Scotland Regional 
Assessments (Marine Scotland, 2021) 

Regional summaries of coastal processes and 
hydrodynamics. 

Partial coverage of the OTC 
Corridor. 

Moderate; Regional 
information which is not 
expected to be updated. 

Department for Business, Energy and 
Industrial Strategy (BEIS, 2022a and 
2022b), Offshore Energy Strategic 
Assessment 4 (OESEA4) 

Regional characterisation of geology, 
morphology, surficial sediments, coastal 
processes, and hydrodynamics. 

Partial coverage of the Aspen 
Array Area and the OTC 
Corridor. 

Moderate; Regional 
information which is not 
expected to be updated. 

Hywind Scotland Pilot Park OWF 
Environmental Statement (ES) 
(Statoil, 2014 and 2015) 

Regional and site-specific characterisation of 
geology, morphology, surficial sediments, 
coastal processes, and hydrodynamics, 
including survey and model outputs. 

Partial coverage of the Aspen 
Array Area and the OTC 
Corridor. 

High; Information and 
assessments for OWF 
developments within the North 
Sea based on the best available 
evidence at the time of 
publication. 

Avalon field development EIA (Ping 
Petroleum, 2022)  

Regional and site-specific characterisation of 
geology, morphology, surficial sediments, 
coastal processes, and hydrodynamics, 
including survey and model outputs.  

Partial coverage of the Aspen 
Array Area and the OTC 
Corridor.  

High; Information and 
assessments for O&G 
developments within the North 
Sea based on the best available 
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Source  Summary  Coverage of the Aspen Array 
Area and OTC Corridor  

Data Quality  

evidence at the time of 
publication.  

Muir Mhor OWF EIAR (Muir Mhòr, 
2024) 

Regional and site-specific characterisation of 
geology, morphology, surficial sediments, 
coastal processes, and hydrodynamics, 
including survey and model outputs. 

Partial coverage of the Aspen 
Array Area and the OTC 
Corridor. 

High; Information and 
assessments for OWF 
developments within the North 
Sea based on the best available 
evidence at the time of 
publication. 

Kincardine Offshore Wind Farm ES 
(Atkins 2016)  

Regional and site-specific characterisation of 
geology, morphology, surficial sediments, 
coastal processes, and hydrodynamics, 
including survey and model outputs. 

Partial coverage of the OTC 
Corridor. 

High; Information and 
assessments for OWF 
developments within the North 
Sea based on the best available 
evidence at the time of 
publication. 

North Connect: transnational High 
Voltage Direct Current (HVDC) Cable 
EIAR (North Connect, 2018) 

Regional and site-specific characterisation of 
geology, morphology, surficial sediments, 
coastal processes, and hydrodynamics, 
including survey and model outputs. 

Partial coverage of the OTC 
Corridor. 

High; Information and 
assessments for the cable 
developments within the North 
Sea based on the best available 
evidence at the time of 
publication. 

Green Volt OWF ES (Green Volt 
Offshore Wind Farm Ltd., 2023) 

Regional and site-specific characterisation of 
geology, morphology, surficial sediments, 
coastal processes, and hydrodynamics, 
including survey and model outputs. 

Partial coverage of the Aspen 
Array Area and the OTC 
Corridor. 

High; Information and 
assessments for OWF 
developments within the North 
Sea based on the best available 
evidence at the time of 
publication. 

Stonehaven seawall, Feasibility Study 
of improvements (HR Wallingford, 
1998) 

Regional and site-specific characterisation of 
coastal morphology, coastal processes, and 
hydrodynamics. 

Partial coverage of the OTC 
Corridor. 

High; Information and 
assessments for seawall 
development along the 
Aberdeenshire coast, based on 
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Source  Summary  Coverage of the Aspen Array 
Area and OTC Corridor  

Data Quality  

the best available evidence at 
the time of publication. 
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2 Baseline Environment 

2.1 Hydrodynamics 

 This section provides an overview of the influences of waves, tidal, and non-tidal processes on 

the marine and coastal processes study area, as well as a description of stratification processes 

and frontal systems. 

Waves 

Regional overview 

 Wave energy is dependent on the friction action of the wind on the sea surface that drives 

directional sea-surface and storm surge currents. These in turn drive non-directional rotational 

near-bed currents when wind and swell waves interact with the seabed (Tappin et al., 2011). 

The wave regime frequently plays an important role in the erosion, transport, and deposition 

of sediments, although its influence on the seabed varies with changes in bathymetry and tidal 

range. Wave climate is influenced by wind speed, wind duration and fetch3, which are in turn 

dependant on season and location. 

 The wave climate within the Aspen Array Area and OTC Corridor has been characterised using: 

▪ Regional-scale modelling from marine data portals such as the UK Atlas of Marine 

Renewable Energy Resources (ABPmer et al., 2008), as well as hindcast data from ABPmer's 

SEASTATES database (ABPmer, 2018); and 

▪ Due to their close proximity to the Proposed Development, less than 10 km (as shown on 

Figure 1.1), site specific data collection from OWFs and O&G projects such as Hywind OWF 

(Statoil, 2015), Avalon (Ping Petroleum, 2022), Green Volt OWF (Green Volt Offshore Wind 

Farm Ltd., 2023) and Muir Mhòr OWF (Muir Mhòr, 2024). 

 From a regional perspective, the annual mean significant wave height4 decreases towards the 

shore from 2.5 m to 1 m (Figure 2.1; ABPmer et al., 2008). In winter, the mean significant wave 

height can reach 3 m offshore and reduces progressively towards the coast to around 1.25 m, 

(Figure 2.1; ABPmer et al., 2008). 

 Long-term (from 1958 to 2010) modelled wave data at Buchan Deep (Figure 1.1) show a mean 

significant wave height of approximately 2 m ± 0.5 m (Figure 2.2; Statoil, 2014), which 

corresponds to data from the UK Atlas of Marine Renewable Energy Figure 2.1; ABPmer et al., 

2008). The wave climate in the UK is strongly seasonal, this too is shown by modelled data from 

Buchan Deep with maximum wave heights from October to March ranging between 8 m and 

10 m, whereas from May to August the maximum wave height reached 6 m (Figure 2.2; Statoil, 

2014). Extreme wave conditions deduced from hindcast wave models show a 15.2 m significant 

wave height for a return period of one year increasing to 20.5 m for a return period of 100 

years, with associated wave periods of 11.2 s and 13.1 s respectively (Figure 2.1; Statoil, 2014). 

 
3 Length of water over which a given wind has blown without obstruction. 
4 Defined as the mean of the highest one third (33%) of waves (measured from trough to crest) occurring within a year. 
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 From the different data sources, the wave baseline characterisation from a regional overview 

can be summarise as follow: 

▪ Annual significant wave height of, approximately, 2 m;  

▪ Waves mostly originate from the north, approximately 20%; and 

▪ Wave climate is strongly seasonal with higher significant wave height during winter and 

lower during summer.
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Figure 2.2 Monthly (top panel) and Annual (bottom panel) Significant Wave Height at Buchan Deep 
Average for the Period 1958 - 2010 (Statoil, 2014) 
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Table 2.1 Wave Heights and Wave Periods for Select Return Periods at Buchan Deep (Statoil, 2014) 

Return Period  Significant Wave Height (m) Wave Period (s) 

1 15.2 11.2 

10 17.8 12.2 

50 19.7 12.8 

100 20.5 13.1 

Aspen Array Area  

 Based on data from the UK Atlas of Marine Renewable Energy Resources, the annual mean 

significant wave height within the Aspen Array Area ranges between 2 m and 2.25 m (ABPmer 

et al., 2008). Values of, approximately, 1.3 m and 2.6 m are observed in summer and winter, 

respectively (Figure 2.3; ABPmer et al., 2008). Data from the centre of the Aspen Array Area 

showed that waves mostly originate from the north (30%), followed by waves coming from the 

south and north-west (22% and 15% respectively) (Figure 2.3; ABPmer, 2018). As shown in 

Figure 2.3, significant wave heights, from modelled hindcast data, are presented as greater 

than 2 m for 50%, between 2 m to 4 m for 32% and less than 4 m for 18% (ABPmer, 2018). 

 As its closest point, the Aspen Array Area is located 19 km north-east from Muir Mhòr OWF 

(Figure 1.1). Due to the close proximity of the Aspen Array Area to the Muir Mhòr OWF and the 

absence of obstructions (e.g. land and/or infrastructure) between them, which could modify 

the wind fetch, the difference in wave parameters are likely to be minimal as both projects 

experience similar environmental factors. 

 Data was recorded at a wave buoy located within the array area of Muir Mhòr OWF between 

March 2023 and March 2024 (Figure 1.1). The measurements show an annual average Hrms
5 

wave height of 1.9 m, with higher values observed during autumn and winter (2.54 m and 

2.49 m respectively) than during spring and summer (1.44 m and 1.17 m respectively) (Table 

2.2; Muir Mhòr, 2024). The highest wave was recorded during autumn at 16.8 m, whereas in 

summer the highest was recorded at 7.2 m (Table 2.2; Muir Mhòr, 2024).  

 The annual average wave direction shows that waves mostly originate from the north and 

south-east (21% and 17% respectively), followed by waves coming from the north-east and east 

(15% ± 0.5%), then south and north-west (10% ± 1%) and finally south-west and west (6% ± 

0.3%) (Muir Mhòr, 2024). The mainland of Scotland (west of the Aspen Array Area and Muir 

Mhòr OWF) reduces the wind fetch, which results in very few waves originating from the west 

and south-west (6% on average for all seasons) (Muir Mhòr, 2024). During the autumn, fewer 

waves originate from the north (13.4%), with larger proportions of the waves originating from 

the north-east and the east (20.6% ± 0.5%), these waves can be even larger than northerly 

waves which occur 30% of the time during the winter season (Figure 2.4 Muir Mhòr, 2024). 

 
5 Hrms gives a general average of wave height using the root mean square. It is a statistical measure that is calculated as the 

square root of the mean of the squares of individual wave heights, considering all waves, while significant wave height 
focuses on the larger waves. Therefore, significant wave height is often greater than Hrms for the same set of waves. 
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 Wave directional data from within the Muir Mhòr Array Area show that the predominant wave 

directions are from the north and south-east (see Figure 2.4). This differs from the modelled 

hindcast data which indicates a much higher proportion of the waves originate from the south 

instead of the south-east (see paragraph 2.1.7; Figure 2.3). These discrepancies with the 

modelled data could be due to broader changes in multi-year weather patterns, for example 

switching between El Niño and La Niña events influencing North Atlantic circulation as well as 

weather in UK and Northern Europe (Hardiman et al., 2019). 

 From the different sources of data, the wave baseline characterisation within the Aspen Array 

Area can be summarise as follow: 

▪ Annual significant wave height is approximately 2 m, with higher values during winter (2.5 

m ± 0.1 m) and lower during summer (1.25 m ± 0.05 m); and 

▪ The dominant wave directions are north and south.
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Table 2.2 Average Wave Height (Hrms) and Maximum Wave Height (Hmax) Collected Between March 
2023 and March 2024 by a Wave Buoy Within the Muir Mhòr Array Area (Muir Mhòr, 2024). 

Season Hrms (m) Hmax(m) 

Spring  1.44 9.10 

Summer  1.17 7.25 

Autumn 2.54 16.82 

Winter 2.49 14.46 

Annual6 1.91 11.91 

 

 
6 Annual values were calculated as the average of all seasons. 
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Figure 2.4 Seasonal Wave Rose Data collected between March 2023 and March 2024 by a Wave Buoy 
within the Muir Mhòr Array Area (Muir Mhòr, 2024)
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OTC Corridor 

 Wave data (such as direction and height) from the offshore part of the OTC Corridor are similar 

than in the middle part of the OTC Corridor (Figure 2.3; ABPmer, 2018). Waves mostly come 

from the north (36%), followed by south (22%), then north-west, south-west, south-east and 

east (8 % ± 2% on average of the three directions; Figure 2.3Figure 2.3; ABPmer, 2018). 

Significant wave heights were observed to be less than 2 m for 57% of the data, between 2 m 

and 4 m for 38% of the data, and greater than 4 m for 5% of the time (Figure 2.3; ABPmer, 

2018). 

 An assessment of metocean conditions carried out for the Hywind Scotland Pilot Park modelled 

wave parameters using the Nora10 hindcast model, with data extracted at the Buchan Deep 

(location shown in Figure 1.1), shows similar results than the one observed in the middle of the 

OTC Corridor from the SEASTATES wave model (Statoil, 2014; ABPmer, 2018). Both hindcast 

models agree that waves come mostly from the north, with an annual frequency of 37% for 

SEASTATES and 30% for Nora10, followed by waves from the south, with annual frequency 

reaching 25% for SEASTATES and 24% for Nora10 (Figure 2.2 and Figure 2.3). 

 The slight differences between the two hindcast models can be explained by period of data 

used to parameterise the model, which are 30 years for SEASTATES instead of 53 years for 

Nora10 (Statoil, 2014; ABPmer, 2018). Despite the slight differences, both hindcast models 

show good agreement, which is explained by the proximity of the two data locations of 

approximately 12 km. 

 Towards the shore, approximately 10 km from the coast, the waves originate mostly from the 

south-east (32%), followed by waves coming from the north-east and south (26% and 24% 

respectively) and the east (12%) (Figure 2.3; ABPmer, 2018). Significant wave height is lower in 

comparison to the centre and offshore part of the OTC Corridor, with 85% of significant wave 

heights less than 2 m (Figure 2.3; ABPmer, 2018). 

 From the different sources of data, the wave baseline characterisation within the OTC Corridor 

can be summarise as follow: 

▪ The annual significant wave height is mostly less than 2 km and decrease towards the shore; 

and 

▪ The majority of waves originate from the north. 

Landfall 

 The two location options for Landfall are located, approximately, 2.7 km apart, consequently it 

is expected to observe the same wave regime.    

 Based on the wave height analysis derived from SEASTATES hindcast model, the predominant 

wave direction at the coast is similar to that observed 10 km offshore, as outlined in paragraph 

2.1.16 (Figure 2.3; ABPmer, 2018). 
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 Extreme waves at Stonehaven (4 km south of the closest Landfall) are estimated to reach 4 m 

± 0.2 m from the north-east, south-east and south, and 2.7 m from the north in 1 year return 

period (Table 2.3; Environment Agency, 2011; JBA consulting, 2014). Extreme waves show a 

constant increase to 5.5 m ± 1 m, on average for all directions, within a return period of 100 

years (Table 2.3; Environment Agency, 2011; JBA consulting, 2014). The period associated with 

these extreme wave events are shown to be, approximately, 11 s. ± 0.5 s (JBA consulting, 2014). 

Table 2.3 Extreme Wave Height (m) Estimates at Stonehaven From Varying Directions (Environment 
Agency, 2011) 

Season 1-year 2-year 5-year 10-year 50-year 100-year 

North 2.70 2.90 3.15 3.31 3.66 3.8 

North-east 4.18 4.56 5.07 5.47 6.42 6.84 

South-east 3.93 4.24 4.63 4.91 5.48 5.71 

South 3.74 4.09 4.53 4.84 5.49 5.74 

Tides 

Regional Overview  

 Tides in the North Sea are predominantly semi-diurnal. The principal tidal wave enters from the 

north, moves south and reflects off the southern coast of the North Sea basin (Statoil, 2014). 

Tidal currents in the North Sea have been shown to decrease in velocity with increasing 

distance northwards (Ping Petroleum, 2022). 

 The regional tidal range varies from microtidal (less than 2 m) offshore to mesotidal (between 

2 m and 4 m) closer to the shore based on the UK Atlas of Marine Renewable Energy Resources 

(Figure 2.5; ABPmer et al., 2008). This is consistent with data from the Salamander OWF array 

area located 44 km west from the Aspen Array Area (Figure 1.1), where the spring tidal range 

was evaluated to be around 2.35 m to 2.45 m (Salamander, 2024). 

 At Cairnbulg Point (approximately 60 km north of the Landfall), peak spring current speeds vary 

from 1.76 m/s to 2 m/s, with an annual occurrence of tidal currents greater than 1 m/s 

between 40% and 50% (Figure 2.6; ABPmer, 2008). The associated tidal ellipses are rectilinear, 

parallel to the coastline and show an excursion between 9 km to 10 km, which decreases 

southward along the coast to 6 km at Landfall (Figure 2.7; ABPmer, 2008; Ramsay and 

Brampton, 2000). 

 Offshore of Peterhead, the residual flows out of the Moray Firth directed southward meet the 

northerly residual flows off the Aberdeenshire coast, leading to a complex net bedload 

sediment transport pathways in the area and influencing the maintenance of seabed features 

such as Buchan Deep (Marine Scotland, 2021; Salamander, 2024). 
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 An Acoustic Doppler Current Profiler (ADCP) recorded data between November 2013 and 

February 2014 within the array area of Hywind Scotland Pilot Park (Statoil, 2014). Data showed 

that the mean current speed decreased from 0.4 m/s to 0.32 m/s between 25 m and 90 m (LAT) 

(Figure 2.8Figure 2.8; Statoil, 2014). The tidal current direction is orientated north to south and 

is similar through the water column (Figure 2.8; Statoil, 2014). However, the residual current 

seems to be orientated southward at 25 m and 40 m, whereas it is likely to be directed north 

near the seabed (Figure 2.8; Statoil, 2014). Waves, which originates mostly from the north 

(Figure 2.2 and Figure 2.3), have an impact on surface and sub-surface currents increasing them 

towards the south. However, waves have less impact on near bed current as the wave orbital 

velocity7 decrease with depth.

 
7 Wind-generated waves on water induce orbital motion within the water column to a depth roughly equal to half the 
wavelength of the surface waves. 
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Figure 2.8 Measured Current Roses within the array area of Hywind Scotland Pilot Park (Statoil, 2014)  

Aspen Array Area  

 Modelled mean spring and neap tidal ranges across the Aspen Array Area are approximately 

1.81 m and 0.78 m, respectively, with the tidal range being slightly higher in the east, by a factor 

of 0.20 m for spring and 0.12 m for neap (Figure 2.5; ABPmer et al., 2008). Tidal currents are 

relatively weak offshore, with mean spring peak flow within the Aspen Array Area ranging from 

approximately 0.25 m/s to 0.5 m/s and decreasing to values between 0.10 m/s and 0.25 m/s 

during neap tide periods (Figure 2.6; ABPmer et al., 2008). The weak tidal currents are reflected 

in the seabed sediments and morphology, as geophysical surveys within the Aspen Array Area 

reveal a featureless seabed indicating low tidal energy, which is also supported by the surficial 

sediment mostly composed of sand and fines (paragraph 2.2.13) (see Section 2.2; Gardline, 

2024; Kenyon and Cooper, 2005). The tidal ellipses throughout the Aspen Array Area run north 

to south with little variation and a maximum distance of 4.6 km (Figure 2.7; ABPmer et al., 

2008). 

 A bottom mounted ADCP, located 30 km south-east of the Aspen Array Area, was deployed 

from March 2023 to March 2024 to support environmental characterisation works for the Muir 

Mhòr OWF (Muir Mhòr, 2024). The maximum near-surface current speed reading was 

0.96 m/s, whilst the near-bottom maximum current speed was 0.43 m/s at 68.5 m (LAT) (Muir 

Mhòr, 2024). 
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OTC Corridor  

 The tidal range increases along the OTC Corridor towards the shore (Figure 2.5; ABPmer, 2008). 

The mean spring range closer to the Aspen Array Area (within 3 km) is 1.84 m, increasing to 

2.48 m (approximately halfway) to peak at 3.54 m closest to Landfall (Figure 2.5; ABPmer et al., 

2008). The mean neap range follows a similar trend with 0.91 m, 1.30 m and 1.78 m 

respectively (ABPmer et al., 2008). 

 The modelled mean spring peak flow along the OTC Corridor is lowest closest to the Aspen 

Array Area at 0.42 m/s (Figure 2.6; ABPmer et al., 2008). Approximately halfway along the OTC 

Corridor, at Kilometre Points (KP8s) 51 and 78, the mean spring peak flows reach approximately 

0.82 m/s and 0.72 m/s, respectively (Figure 2.6; ABPmer et al., 2008). The modelled neap peak 

flow increases from 0.25 m/s to 0.5 m/s towards landfall (ABPmer et al., 2008).  

 Tidal currents, i.e. speed and direction, can be influenced by the seabed topography (Holmes 

et al., 2004). The local increases of tidal speed observed within the OTC Corridor can be 

explained by the presence of bathymetric changes where the OTC Corridor crosses Aberdeen 

Bank at KP 51 and Turbot Bank at KP78 (see paragraphs 2.2.21 for more details on these seabed 

features), with  the high current encountered at Cairnbulg Point also potentially explaining the 

increase of tidal currents at KP51 (see paragraph 2.1.23). 

 Tidal ellipses vary along the OTC Corridor in strength and direction (Figure 2.7; ABPmer et al., 

2008). Within the offshore part of the OTC Corridor, tidal ellipses are orientated north to south 

with an excursion ranging from 3 km to 4 km Figure 2.7; ABPmer et al., 2008). Tidal excursion 

ellipses increase gradually to 8 km until KP78, which corresponds to the presence of Turbot 

Bank (see paragraph 2.2.21) and switch to north-north-east to south-south-west direction 

(Figure 2.7; ABPmer et al., 2008). Then tidal ellipses show a north-east to south-west direction, 

as well as an increase of excursion reaching 10 km, corresponding to the location of the 

Aberdeen Bank (see paragraph 2.2.32 for more details) (Figure 2.7; ABPmer et al., 2008). 

Finally, the tidal excursion ellipses decrease to 5 km towards the Landfall in a north-north-east 

to south-south-west direction (Figure 2.7; ABPmer et al., 2008). 

 Kincardine OWF, located 5 km south from the OTC Corridor and 15 km from the Landfall (Figure 

1.1), predicted currents using the British Hydrological Society (BHS) model for a period of 13 

years (Atkins, 2016). Results show that the depth-averaged current speed is 0.3 m/s for 50% of 

the time orientated in a north-north-east to south-south-west direction (Atkins, 2016). This 

corresponds to the values observed from the UK Atlas Marine Renewable Energy Resources on 

average for both spring and neap flows (0.35 m/s) and direction of tidal ellipses (ABPmer et al., 

2008). 

 
8 The notation "KP" typically stands for “Kilometre Point”, which is a common method of marking distances along a route, 

such as a road, railway, or pipeline. Each KP value represents a specific point along the OTC Corridor, measured in kilometres 
from a starting point. KP0.000 is on the edge of the Aspen Array Area and the OTC Corridor, an increasing KP value results in 
a larger distance from the Aspen Array Area. 
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Landfall 

 The two options for Landfall are separated by, approximately, 2.7 km, consequently it is 

expected to observe the same tidal range. However, tidal speed and direction can be influence 

by coastal morphology, such as headlands, which means that between the two options for 

Landfall there may be slight differences, at highly localised scale from 100 meters to one km, 

can be observed. 

 From the UK Atlas of Marine Renewable Energy Resources, the modelled mean spring tidal 

range at Landfall is 3.57 m, with the mean neap tide range being almost half the spring at 

1.80 m (Figure 2.5; ABPmer, 2008). At Landfall, the mean spring peak flow and mean neap flow 

are 0.56 m/s and 0.15 m/s, respectively (Figure 2.6; ABPmer et al., 2008). 

 In situ data at Stonehaven and Aberdeen (approximately 7 km south of Landfall and 13 km 

north of Landfall, respectively; Figure 1.1), suggest that the mean spring tidal range at Landfall 

should be between 3.62 m (Aberdeen mean spring tidal range) and 3.9 m (Stonehaven mean 

spring  tidal range) (Table 2.4; JBA consulting, 2014; BODC, 2025). The mean neap tidal range 

should be around 1.83 m ± 0.7 m based on mean neap tidal level at Aberdeen (1.76 m) and 

Stonehaven (1.9 m) (Table 2.4; JBA consulting, 2014; BODC, 2025). 

 Stonehaven is a secondary non-harmonic port, with its tidal prediction based on the primary 

port Aberdeen. Consequently, to minimise the error of interpretation, it is reasonable to 

compare output from the UK Atlas of Marine Renewable Energy data with the Aberdeen in situ 

data, both showing similar values with a difference of only 0.05 m. 

Table 2.4 Tidal Levels at Aberdeen and Stonehaven (JBA consulting, 2014; BODC, 2025) 

Tide Level Aberdeen Level (m) Stonehaven Level (m) 

Highest Astronomical Tide (HAT)  4.85 2.45 

Lowest Astronomical Tide (LAT) 0.05 0 

Mean High Water Spring (MHWS) 4.32 4.5 

Mean High Water  Spring (MLWS) 0.70 0.6 

Mean High Water Neap (MHWN) 3.46 3.6 

Mean Low Water Neap (MLWN) 1.70 1.7 

Mean Spring Tidal Range  3.62 3.9 

Mean Neap Tidal Range 1.76 1.9 
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Non-Tidal Influences  

 The study area is influenced by non-tidal residual circulation patterns, most notably the Fair 

Isle Current, which transports a mix of Atlantic water and coastal water from the north of 

Scotland into the North Sea through the Fair Island Channel before flowing southward down to 

the Scottish east coast (Figure 2.9; Turrel et al., 1990; BEIS, 2022b). The Fair Isle Current has 

been shown to be stable (present for approximately 80% of the year) with a magnitude of 

around 0.1 m/s within the North Sea (Turrel et al., 1992). The dynamic of the current changes 

as stratification is eroded during winter months from non-wind-driven current during stratified 

period (Turrel et al., 1992). This feature becomes deflected eastward by the seabed topography 

off Rattray Head, flowing eastward as the Dooley Current (Figure 2.9; Svendsen et al., 1991; 

McManus, 1992). 

 The Proposed Development is situated along the path of the Dooley Current, which is a 

significant oceanographic feature flowing into the North Sea along the 100 m isobath (Winther 

and Johannessen, 2006). The current is affected by seasonal variation with inflow into the 

North Sea during February being very strong, according to data gathered within 1998 (Winther 

and Johannessen, 2006). Dooley Current has been observed to be absent, when the North 

Atlantic Oscillation is in a positive phase during the winter months, which tends to increase 

storms events in strength and frequency (Winther and Johannessen, 2006). The Dooley Current 

transports warmer, more saline water into the North Sea and contributes to the seasonal 

stratification in deeper waters, throughout the summer months into autumn (Winther and 

Johannessen, 2006; Holt et al., 2017). 

 Wind stress has been identified as an important driver of regional circulation in the North Sea, 

with seasonal variation in circulation (in both strength and positioning) occurring because of 

changing wind patterns (Huthnance, 1991). Meteorological effects are responsible for storm 

surges, which are formed by rapid changes in atmospheric pressure causing the water levels to 

fluctuate above or below the tidal level. This effect can be further impacted by the wind 

strength and direction (Flather and Williams, 2000). Moving low pressure systems and 

associated strong and persistent wind fields may generate strong positive surges, often 

referred to as a 'storm surge' (Flather and Williams, 2000). The geometry and location of the 

North Sea makes it particularly susceptible to storm surge events (Flather and Williams, 2000). 

 A long-term hindcast record of wind data has been derived from ABPmer's SEASTATES models 

(Figure 2.10; ABPmer, 2018) and can be described as follows: 

▪ The wind direction is similar between the Aspen Array Area, OTC Corridor, and Landfall 

(Figure 2.10; ABPmer, 2018). Winds originate mostly from the south-west and south 

(approximately 40% in total for the two directions), followed by the north-west and west 

(approximately 30% in total for the two directions), then south-east and north 

(approximately 20% in total for the two directions), and north-east and east (approximately 

20% in total for the two directions) (Figure 2.10; ABPmer, 2018); and 
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▪ The wind speed is shown to slightly decrease from offshore to onshore locations, with wind 

speeds greater than 10 m/s representing 38% of the time in total for all directions within 

both the Aspen Array Area and offshore section and centre of the OTC Corridor, decreasing 

to 10% within the nearshore section of the OTC Corridor and at Landfall (Figure 2.10; 

ABPmer, 2018). The highest wind speeds, i.e. greater than 16 m/s, represent 7% of the 

record within the Aspen Array Area and decrease progressively to 1% at Landfall (Figure 

2.10; ABPmer, 2018). 

 Storm surges cause short-term modification of astronomically driven sea level and tidal 

currents. Under an extreme storm surge (one in a 50-year return period) sea levels within the 

Aspen Array Area may rise up to 0.75 m, whereas in the OTC Corridor the rise could be between 

1 m and 1.25 m (Flather, 1987). The sea level rise during storm surge will be accompanied by 

an increase of current speeds in the order of 0.6 m/s within the Aspen Array Area and between 

0.4 m/s to 1 m/s, from offshore to onshore respectively, within the OTC Corridor (Flather et al., 

1998). 

 Modelled extreme sea level conditions from the Environment Agency at Stonehaven and 

Aberdeen, approximately 7 km south and 13 km north respectively from Landfall, were used to 

characterise likely storm surge conditions at Landfall (Table 2.5; Environment Agency, 2011; 

2019). Extreme water levels are shown to increase from 2.71 m ± 0.02 m within a one-year 

return period to 3.17 m ± 0.02 m within a 100-year return period (Environment Agency, 2011; 

2019). These extreme water levels must be taken into account with the potential sea level rise 

due to climate change, which is suggested to be around 0.5 m and 0.6 m in 2100, corresponding 

to an increase of approximately 0.32 m for the lifetime of the project (35 years) (see paragraph 

2.3.3; Palmer et al., 2018). 

Table 2.5 Extreme Water Levels at Aberdeen and Stonehaven (Environment Agency, 2011; 2019) 

Return Periods (y) 1 2 5 10 20 50 100 

Aberdeen  2.69 2.79 2.86 2.93 3 3.09 3.15 

Stonehaven 2.73 2.80 2.89 2.97 3.03 3.12 3.19 
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Figure 2.9 Schematic Diagram of General Circulation in the North Sea (from Scottish Sea Farms, 2021)
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Frontal Systems and Stratification  

 Stratification is a hydrodynamic feature characterised by vertical density gradients over 

relatively short distances within the water column and is related to the distribution of seawater 

temperature and salinity. Naturally occurring stratification occurs along the Aberdeenshire 

coast due to seasonal heating of the upper water column and vertical fronts are also observed 

between regions of slight freshwater influence coming from the Moray Firth (Adams and 

Martin, 1986; Connor et al., 2006). 

 Regional stratification in the North Sea is primarily influenced by water depth, tidal current 

strength, proximity to the shelf edge (which facilitates exchange with oceanic waters), and the 

presence of fresher, nearshore water (Huthnance, 1991). In winter, stratification in the North 

Sea only occurs in coastal areas affected by freshwater input, where salinity drives the process. 

Elsewhere, the water column remains uniform from surface to seabed (Huthnance, 1991; 

Connor et al., 2006). The onset of stratification in spring occurs when the surface can warm 

through solar heating without being assimilated by stirring into underlying waters.  

 Frontal zones mark boundaries between water masses, including tidally mixed and stratified 

areas, and are numerous on the European continental shelf (BEIS, 2022a). Fronts play an 

important role in enabling the circulation and transport of nutrients and heat, and frequently 

reoccurring fronts (e.g., spatially and/or seasonally) are widely recognised as supporting 

enhanced biological activity (NatureScot, 2020). 

 Frequent thermal fronts are present along the Aberdeenshire coast, which are thought to be a 

result of mixing in shallow coastal waters as tidal currents pass over a narrow shelf along the 

east coast (Miller et al., 2014). In addition to surface frontal features, Hill et al. (2008) described 

a seasonal near-surface frontal jet running southwards along the Aberdeenshire coast, driven 

by the presence of a bottom front. This feature is likely formed due to a cold pool of water 

trapped below the summer thermocline in the northern North Sea (Hill et al., 2008; SNH and 

JNCC, 2012). 

Array Area 

 Vertical BODC profiles were analysed for the Muir Mhòr Array Area, located 20 km south-west 

of the Proposed Development (Muir Mhòr, 2024c). The profiles show that the thermocline 

depth typically ranges from less than 10 m to 50 m, with the deepest thermocline, reaching a 

maximum depth of 70 m, recorded in September 2023 (Muir Mhòr, 2024c). Thermal 

stratification within and around the Muir Mhòr Array Area is commonly observed during the 

spring and summer months, typically developing between April to May, peaking in August and 

disintegrated by November (Muir Mhòr, 2024c).  
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 Data from E.U. Copernicus Marine Service Information (CMEMS) within the centre of the Array 

Area supports the BODC profiles data from Muir Mhòr Array Area (paragraph 2.1.47; Figure 

2.11; Muir Mhòr, 2024c; CMEMS, 2025)9. On average between 2014 and 2024, the daily data 

show that the temperature difference between the surface and the bottom increases linearly 

during spring and summer months to reach 4.5 °in August within the Array Area (Figure 2.11; 

CMEMS, 2025). The increase of sea surface temperature, coupled with a decrease of water 

column mixing (i.e., reduction of wind and wave stress), induces the thermocline to reach 10 

m ± 3 m depth during spring and summer months, whereas during winter and autumn months 

the thermocline is shown at the bottom of the water column (Figure 2.11; CMEMS, 2025).   

 During the spring and summer, thermal frontal frequency increase, reaching approximately 50 

% of the time, covering a large area extending offshore (Figure 2.12; Hill et al., 2008; Miller et 

al., 2014). Frontal frequencies are much lower during the winter and autumn months (less than 

20%) and are localised closer to the shore (Figure 2.12; Hill et al., 2008). 

OTC Corridor  

 The Aberdeenshire front can be observed within the OTC Corridor, stretching along the east 

coast of Scotland from the Firth of Forth to Rattray Head (Figure 2.12). This feature is a product 

of intricate oceanographic processes along the east coast of Scotland (Miller et al., 2014). It 

emerges because of dynamic interactions between coastal bathymetry and tidal forces, 

particularly the presence of the narrow shallower inner shelf, which contributes to the 

formation of this front, enhanced by tidal mixing (Hill et al., 2008; Miller et al., 2014; JNCC, 

2012). 

 There is considerable seasonal variation of the front. In autumn and winter, the thermal front 

is focused near to the coast, whereas in spring and summer the stratification generates 

additional surface fronts that extend much further offshore, approximately 50 km (Figure 2.12; 

Connor et al., 2006; Miller et al., 2014). This complex interplay creates an environment 

conducive to the development of phytoplankton blooms vital for the marine ecosystem (Miller 

et al., 2014; JNCC, 2012). 

 Along the OTC Corridor, the difference between surface and bottom temperature follows the 

same trend as within the Array Area (paragraph 2.1.48; Figure 2.11; CMEMS, 2025). However, 

the difference between surface and bottom temperature varies in intensity along the OTC 

Corridor reaching 7 ° in the offshore part of the OTC Corridor and 5.5 ° in the middle and closer 

to Landfall (approximately 20 km from the coast) (Figure 2.11; CMEMS, 2025). 

Landfall 

 The two Landfall options are, approximately, 2.7 km apart and consequently it is expected to 

observe the same type and strength of frontal system and stratification. 

 
9 Of note, CMEMS data show limitations such as a coarse grid (7 km * 7 km) and a minimum depth of 10 m, 
which affect data accuracy where bathymetry is less than 10 m such as landfall. 
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 The vertically mixed waters increase in intensity during the winter months with the increase in 

wave action on the water column and the coast (Hill et al., 2008; Miller et al., 2014). This well-

mixed water is only intermittently stratified in places where fluvial inputs occur, such as from 

the River Dee which flows through Aberdeen city, approximately 14 km north of Landfall (Figure 

2.12). 
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Figure 2.11 Stratification within the Proposed Development represented by the difference between 
surface and bottom temperature (in °) (Panel A) and the water depth of thermocline (in m) (Panel B) 
averaged between 2014 and 2024 (CMEMS, 2025). 
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2.2 Seabed  

Geology  

Aspen Array Area 

 The bedrock geology underlying the study area is composed of a series of indurated 

sedimentary and igneous rock sequences dating from between the Paleocene and Devonian, 

increasing in age westward toward the coast (Figure 2.13 and Figure 2.14; BGS, 2020; Statoil, 

2014). 

 The Aspen Array Area is situated within a geological region known as Buchan Horst. This area 

was formed due to tectonic rifting that occurred during the Upper Jurassic period, 

approximately 163 to 145 million years ago (mya) (Gatliff et al., 1994). The underlying geology 

is comprised of sedimentary Tertiary interbedded lithologies (BGS, 2020), which are overlain 

by more than 50 m of Quaternary deposits (Figure 2.15). 

 The Quaternary deposits are primarily composed of glaciomarine mud, typically soft mud, with 

a band of firm to hard mud running east to west through the centre of the Aspen Array Area 

(BGS, 2020). Additionally, there is a small patch of firm to hard interbedded deposits located at 

the far eastern edge of the Aspen Array Area. 
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OTC Corridor  

 The geology of the OTC Corridor changes throughout its length, closer to the Aspen Array Area 

it is located in the geological region known as the Buchan Horst as outlined in paragraph 2.2.2, 

formed during the Jurassic, approximately, 163 to 145 mya (Gatliff et al., 1994). From offshore 

to onshore, half of the OTC Corridor is underlain by Tertiary interbedded lithology, followed by 

a 14 km wide band of chalk, then by a 3.5 km wide section of Mesozoic mudstones, located 

approximately 54 km from Landfall (Figure 2.13 and Figure 2.14; BGS, 2020).  

 The western part of the OTC Corridor is comprised by 40 km of Mesozoic interbedded 

sediments, transitioning around 12 km offshore to geology bisected from north to south, with 

the northern half underlain by metamorphic bedrock and the southern half by a Palaeozoic 

sedimentary succession (Figure 2.13 and Figure 2.14; BGS, 2020). The OTC Corridor close to 

Landfall is located in metamorphic lithology such as rocks form the Southern Highland Group 

(BGS, 2020). 

 The underling geology is overlain with Quaternary sediments generally decreasing in thickness 

with proximity to shore (Figure 2.15; BGS, 2025). Around the Aspen Array Area to around 

halfway to Landfall the Quaternary thickness varies between approximately 5 to 20 m and 30 

to 50 m, according to BGS (2020) data (Figure 2.15). 

▪ A shallow geophysical survey was conducted using a Sub Bottom Profiler (SBP) to classify 

these Quaternary deposits within the shallow soils10. It is important to note that no 

geotechnical surveys were performed to complement these studies. Therefore, the 

interpretations and lithologies described in this report are based on regional BGS 

information used in conjunction with the data from the SBP. The Quaternary deposits are 

summarised in Table 2.6 and detailed in the following: KP0.0 and KP10.2, the base of the 

Witch Ground Formation lies just below the seabed at approximately 1 m the base of the 

formation then undulates between KP10.2 and KP29.9 (Gardline, 2025).  

▪ KP10.2 and KP24, the Witch Ground Formation is present within channels of the underlying 

Coal Pit Formation.  

▪ KP24 to KP29, it is present as a unit greater than 10 m in thickness (Gardline, 2025).  

▪  KP29.9, it becomes a thin layer with the base at approximately 1 m below the seabed, 

pinching out at the seabed around KP33.1 (Gardline, 2025). 

▪ KP29 to KP31.5, the thickness of the Witch Ground Formation gradually decreases, to 

transition to sediments of the Forth Formation (Fitzroy Member) around KP33, see Table 

2.6 (Gardline, 2025). The presence of the Forth Formation is expected to correlate with an 

increase in the amplitude of megaripples at the seabed (Gardline, 2025).  

 
10 Shallow soils is defined as parent rock immediately present below the surficial sediment (see section Surficial Sediments). 
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▪ KP33.1 to KP135.7 The Forth Formation is interpreted to underlie the seabed for most of 

the OTC Corridor from approximately (Gardline, 2025). The Forth Formation between 

KP33.1 and KP104.4, is present as an intermittent veneer with underlying sediments often 

outcropping at the seabed. The Whitethorn Member, see Table 2.6, appears in localised 

pockets between KP110.7 and KP118.1 (Gardline, 2025). This member is interpreted within 

the Forth Formation, infilling the underlying sediment and overlying the thicker Fitzroy 

Member. The base of the Whitethorn Member is found up to 3 m below the seabed 

(Gardline, 2025). 

 The Forth Formation features a series of intraformational unconformities dividing the 

formation into three distinct sub-units: the Whitethorn Member, Fitzroy Member, and St 

Andrew’s Bay Member. As the Forth Formation sediments extend to the Holocene Epoch, they 

include bedforms along the OTC Corridor likely resulting from the reworking of sediments, see 

Figure 2.16. The Whitethorn Member appears as an acoustically transparent unit and is only 

present in localised pockets between KP110.7 and KP118.1. Based on available BGS 

information, the Whitethorn Member comprises clayey sand with interbedded clay layers. The 

base of the Whitethorn Member is found up to 3 m below the seabed. 

 The Fitzroy Member is generally present as a seabed veneer, thickening where bedforms are 

present from KP33.1 to KP128.3 (Gardline, 2025). It is interpreted to infill the surface of the 

underlying Wee Bankie Formation between KP104.5 and KP106.1, KP107.8 and KP112, KP116.5 

and KP117.3, and KP121 and KP124.6, reaching depths below the seabed of greater than 10 m 

(Gardline, 2025). The Fitzroy Member is interpreted to pinch out against the base of the St 

Andrew’s Bay Member, see Figure 2.16. Between KP125.6 and KP128.3, the Fitzroy Member is 

present intermittently as a thin layer less than 1 m thick underlying the base of the St Andrew’s 

Bay Member (Gardline, 2025). The St Andrew’s Bay Member is present within the survey 

corridor between approximately KP123.6 and the end of the surveyed corridor at KP135.7, 

outcropping at the seabed at approximately KP136 and KP127.6. The base of the member is 

interpreted to be up to 4 m below the seabed. 

Table 2.6 Shallow Soils Formations Along the Proposed OTC Corridor (Gardline, 2025) 

Formation  Description  

Witch Ground Formation  Fine SAND and SILT 

Forth Formation – Fitzroy Member  Very soft to firm sandy CLAY with occasional 
shell fragments and interbedded SAND 

Fort Formation – Whitehorn Member  Clayey SAND with interbedded CLAY layers 

Forth Formation – St Andrews Bay Member Very soft to firm sandy CLAY with occasional 
shell fragments and interbedded SAND 

Wee Bankie Formation  Stiff silty CLAY and interbedded CLAY and fine 
silty SAND 

Coal Pit Formation  Stiff silty CLAY and interbedded CLAY and fine 
silty SAND 
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Figure 2.16 The Forth Formation (Fitzroy Member) with Megaripples Overlaying the Coal Pit Formation (Gardline, 2025)
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Landfall 

 To the south of the search area, conglomerates formed during the Devonian period (443 to 393 

mya) are present, whereas the north of the search area is characterised by additional 

metamorphic lithologies, including the Aberdeen Formation, which shares a similar age range 

with the Glen Lethnot Grit Formation, (1000 to 541 mya) (Figure 2.13 and Figure 2.14; BGS, 

2020). This formation is occasionally intersected by igneous dykes of various lithologies (Figure 

2.13 and Figure 2.14; BGS, 2025). These dykes are volcanic in nature and likely formed between 

the Silurian and Devonian periods (BGS, 2020). 

 To the south of the Landfall, just north of the town of Stonehaven, lies the eastern landward 

extent of the Highland Boundary Complex (Tanner, 2008). This fault complex marks the 

boundary between the Scottish Highlands and the central valleys. Formed during the 

Caledonian Orogeny, its impact has significantly shaped the surrounding lithologies (Tanner, 

2008). The fault complex however is overlain by more recent sediments at the point it reaches 

the coast. 

 There are several Geological Conservation Review (GCR) sites within the OTC Corridor at coast 

and the ZoI surrounding it. For more details of the geology and nature of these sites, please 

refer to Section 2.4. 

Surficial Sediments 

Aspen Array Area  

 Regional-scale sediment maps from EMODnet (2024), sourced from BGS datasets, indicate that 

within the Aspen Array Area the surficial seabed sediments are typically comprised of sand 

(Figure 2.17). Towards the east and west of the Aspen Array Area, BGS datasets show that 

sediment becomes finer, changing from sand to muddy sand (Figure 2.17; EMODnet, 2024). 

 Information from BGS datasets and the geophysical survey showed good agreement with the 

Particle Size Analysis (PSA) from Gardline (2025) collected within the Aspen Array Area. Sand is 

the most represented surficial sediment with 80.6%, followed by fines (21.8%) and gravel 

(0.05%) (Table 2.7; Gardline, 2025). The highest proportion of sand (87% ± 1%) was collected 

in the centre of the Aspen Array Area for the stations WEST_049, EAST_061, EAST_086, 

EAST_074 and WEST_037, which also shown the lowest value of fines (12% ± 1 %) (Figure 2.17; 

Gardline, 2025). Samples in the north-west of the Aspen Array Area show the highest 

proportion of fines, approximately 30%. for stations WEST_008, WEST_014, WEST_011 and 

WEST_021 (Figure 2.17; Gardline, 2025). 

Table 2.7 Summary of PSA Across the Aspen Array Area (Gardline, 2025) 

Sediment Type Minimum 
Fraction (%) 

Mean Fraction 
(%) 

Maximum 
Fraction (%) 

Fines (< 0.063 mm)  11.4 21.8 31.2 

Sand (0.063 mm – 2 mm)  68.8 80.6 88.6 

Gravel (> 2 mm) 0 0.05 0.3 





  

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 

 

55 of 86 

 

OTC Corridor  

 Surficial sediment type varies along the length of the OTC Corridor, with the presence of muddy 

sand close to the Aspen Array Area, then changing from sand to gravelly sand until 

approximately 25 km from the coast (Figure 2.18; EMODnet, 2024). Within 25 km of the shore, 

regional-scale sediment maps from EMODnet (2024) show that surficial sediments are mostly 

sand (Figure 2.18). Grab samples, collected along the OTC Corridor, show that the surficial 

sediment mostly represented is sand followed by fines and gravel, with average fraction for all 

stations of 83.7%, 13.9% and 2.4% respectively (Table 2.8; Gardline 2025). The grab samples 

correlate with EMODnet (2024) observations concerning the variation of surficial sediment 

type along the OTC Corridor with the highest proportion of fines located between KP0 to 34 

km from the Aspen Array Area (28% ± 5 %) (Figure 2.18; Annex A; Gardline 2025). Samples are 

then mostly composed of sand (89% ± 6%) until KP124, with three stations (ECR_20, ECR_21 

and ECR_13) showing the highest fraction of gravel (1 % ± 0.5 %) located at KP55, KP58 and 

KP87 (Figure 2.18; Annex A; Gardline 2025). Closer to the coast, within 10 km offshore, grab 

samples collected a higher fraction of fines (2 % ± 10 %), although sand continues to represent 

the majority of the sample (73% ± 10 %) (Figure 2.18; Annex A; Gardline 2025). 

 The survey conducted within the OTC Corridor using Multi-Bean Echo Sounder (MBES) and Side 

Scan Sonar (SSS) shows alternating silty sand and gravelly sand along the OTC Corridor (see 

details in Annex A; Gardline, 2025). A slight difference exists between this data and the grab 

samples, which is likely due to data from grab samples are being more accurate in terms of 

surficial sediment characterisation but being highly localised, whereas MBES and SSS methods 

allow for a general overview of the area. These two types of data are complementary and show 

good agreement along the OTC Corridor. 

 MBES and SSS data show that the initial segment of the OTC Corridor starting at the Aspen 

Array Area is predominantly composed of silty sands. From KP44.4 to KP46, gravelly sand areas 

begin to emerge, transitioning back to silty sand between KP46 and KP53.2. From KP53.2 to 

KP57.87, seabed sediments shift to gravelly sand. Beyond KP57.87 the sediments alternate 

between bands of silty sand and gravelly sand up to KP87.5 (Annex A; Gardline, 2025). 

 Approaching Landfall, from KP123.6, the primary sediments revert to silty sand. An area of 

outcropping geology is identified, approximately, 750 metres south-west of KP135.3. A small 

outcrop patch is located roughly 300 metres south-east of KP127.8, interpreted as an exposure 

of underlying sediments, comprising fine sands and silt. 

Table 2.8 Summary of PSA Across the OTC Corridor (Gardline, 2025) 

Sediment Type Minimum Fraction (%) Mean Fraction 
(%) 

Maximum 
Fraction (%) 

Fines (< 0.063 mm)  2.3 13.9 39.5 

Sand (0.063 mm – 2 mm)  60.5 83.7 97.1 

Gravel (> 2 mm) 0 2.39 12.8 
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Landfall 

 The closest grab sample from the two Landfall options (ECR_02), approximately 3 km from the 

coast, shows that surficial sediments are composed of 86.6.% sand, 13.2% fines and 0.2% gravel 

(Figure 2.18; Annex A; Gardline 2025). 
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Morphology  

 The Proposed Development is situated in the northern North Sea, on the continental shelf of 

northwest Europe, where the waters become shallower south of the Shetland Isles (Statoil, 

2015). Several geomorphological features are located within the ZoI. 

 The first of these is the Buchan Deep, which is an area of deep water (between 107 to 125 m 

LAT) located approximately 23 km off the coast near Peterhead (Figure 1.1; Statoil, 2015). 

Characterised by its deep basin structure, it was primarily formed through glacial and post-

glacial processes, including the scouring action of ice sheets during the Pleistocene epoch. The 

Buchan Deep is considered a relict feature, having remained relatively unchanged since its 

formation. In the shallowest part of the Buchan Deep (approximately 95 m), the seabed 

comprises mega ripples and ripples superimposed on 1 to 3 m high sandwaves orientated 

south-south-west to north-north-east (Statoil, 2013). Their orientation is parallel to the main 

tidal and wave direction (paragraphs 2.1.5 and 2.1.25), which can’t explain these seabed 

features. The formation and maintenance of sandwaves, mega ripples and ripples at Buchan 

Deep could be explain by the passage in a north-west to south-east direction of the Dooley 

Current at the bottom of the water column (paragraph 2.1.38).  

 Also located within the ZoI is Turbot Bank, a relict seabed feature shaped by glacial and post-

glacial activity, which is located 65 km east of Peterhead (Figure 1.1). Like Buchan Deep, overall 

it has experienced minimal alteration since its initial formation, retaining much of its original 

morphology, although some changes to its surface morphology are likely due to contemporary 

sediment transport processes. The Turbot Bank water depth is between 55 m to 91 m (LAT) 

(Eggleton et al., 2013). The presence of coarser sediments, type gravel, are present in the 

shallowest part of the bank, whereas the deepest areas present a highest proportion of sand 

(Eggleton et al., 2013). In the north and the south of the bank, MBES data showed the presence 

of sandwaves in a west to east trend, which are perpendicular to the main tidal flow and waves 

direction (paragraphs 2.1.5 and 2.1.25; Eggleton et al., 2013). 

Aspen Array Area  

 From EMODnet (2024), water depths in the Aspen Array Area range between 87 m and 112 m 

(LAT) (Figure 2.19) The shallowest area is found in the north of the Aspen Array Area at the 

location of the Halibut Bank. The central area ranges from 87 m to 95 m depth (LAT), whereas 

the western and eastern parts are 95 m to 112 m deep LAT (Figure 2.19); EMODnet, 2024).  

 Halibut Bank in the North Sea is a relic geomorphological feature shaped primarily by glaciation 

during the Pleistocene epoch (Johnson et al., 2005). The scouring action of advancing and 

retreating ice sheets played a significant role in its formation. 

 The geophysical survey within the Aspen Array Area shows that the seabed is generally flat, 

with gradients less than 1°, and no bathymetric features, such sandwaves and megaripples, 

were found (Gardline, 2025).
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Figure 2.19 Bathymetry within the Aspen Array Area (Gardline, 2025)
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OTC Corridor  

 The water depth at the start of the proposed OTC Corridor at KP0 is 101.4 m MSL11, gradually 

shallowing to 26.6 m (LAT) nearshore at KP135.73 (Figure 2.20; Gardline 2025). The shallowest 

point on the proposed OTC Corridor is located 1 km south-west of KP135, in an area of 

outcropping geology, with a water depth of 25.2 m (LAT). The seabed gently undulates along 

its length, with ambient seabed gradients of less than 3° and localised gradients reach up to 

40° at KP75 (Figure 2.20) on the flanks of sand waves. 

 The seabed morphology is variable along the length of the OTC Corridor, ranging from 

featureless seabed to the presence of ripples, megaripples and sandwaves (Gardline, 2025). A 

detailed listing of the seabed features encountered during the survey is provided in Annex A 

(Gardline, 2025). 

 Ripples are present extensively between KP44.4 and KP124.2. Generally oriented east to west, 

these ripples have wavelengths typically ranging from 5 m to 10 m and heights of up to 0.3 m 

(Gardline, 2025). Megaripples are observed intermittently throughout the OTC Corridor from 

KP33.7 to KP111.6. These megaripples have measured heights of up to 0.8 m and wavelengths 

of up to 40 m and are generally oriented east to west (Figure 2.21; Gardline, 2025). 

 Sandwaves are present intermittently along the OTC Corridor between KP33.8 and KP123. 

These features have measured heights of up to 4 m, with crests generally trending east to west 

in the northern part of the survey area, becoming north-west to south-east beyond KP88. 

Ripples and megaripples are superimposed on sandwaves throughout the OTC Corridor. An 

example at KP93 is shown in Figure 2.22 (Gardline, 2025). After KP124.5 to the end of the OTC 

Corridor (close to the shore) no bedforms are seen (Gardline, 2025). 

 A total of 11,041 boulders were identified along the OTC Corridor, which measure up to 2.4 m 

in height, with 99% having a measurable height of 1 m or less. Boulder distribution is sparse in 

the north-east of the OTC Corridor, with density increasing towards the south. A higher 

proportion of boulders is found in gravelly sand areas along the OTC Corridor, typically 

associated with the underlying Coal Pit and Wee Bankie Formations (Gardline, 2025). 

 Several depressions are observed in the northern part of the OTC Corridor, varying in size and 

depth, which have been interpreted as pockmarks. Pockmarks are defined as concave crater-

like depressions varying in size and shape which result from gas and/or porewater eruption 

over an extended period (one to 1,000 years) of recurring fluid escape (Hovland et al., 2002). 

The largest pockmark located, approximately, 100 m east of KP22.8, measures around 5 m 

deep and over 200 m across (Figure 2.23; Gardline, 2025). Also, smaller depressions could be 

also the results of scouring due to the presence of debris such as a wreck for example, however 

it is not clearly mentioned within the survey report. 

 
11 MSL corresponds to the height of sea surface average over all tidal stages over a long period of time, which differs from 

LAT corresponding to the lowest sea level expected under average meteorological conditions and under a combination of 
astronomical conditions. 
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 Seabed scars can be observed in the northeast of the OTC Corridor, from KP0.8 to KP4.8. 

Between KP112 and KP121, scars have been interpreted to be a result of anchoring activity, 

which is explained by the fishing activities (i.e., bottom otter trawls, dredges and static gears) 

in this specific area (EMODnet, 2020). Due to the high density of scars within these areas, only 

those that are clearly discernible have been digitised individually. 

 Aberdeen Bank, situated within the OTC Corridor in the North Sea, is another relict feature 

formed during the last Ice Age. Created through a combination of glacial movements and 

sediment deposition, its current form is influenced by marine currents and ongoing 

sedimentation processes. 
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Figure 2.20 Depth Profile Along the OTC Corridor From the Aspen Array Area to Landfall (Gardline, 2025)
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Figure 2.21 Example of Megaripples at KP77.5 and Presence of Fishing Trawls in a North to South Direction Within the OTC Corridor (Gardline, 2025)



  

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 

 

64 of 86 

 

 
 

 

Figure 2.22 Sandwaves with Superimposed Megaripples Within the OTC Corridor (Gardline, 2025)
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Figure 2.23 Seabed Depressions Within the OTC Corridor (Gardline, 2025)



  

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 

 

66 of 86 

 

Landfall  

 The two Landfall options located just south and north of Newtonhill present a coastal rocky 

region with only a few beaches and coves (Barne et al., 1996). Within the southern extent of 

the Landfall, more sandy coves are present, these reduce in frequency further north. 

 Coastal metamorphic rocks found within study area are well-lithified and difficult to erode 

(Barne et al., 1996). They form irregular cliffs and platforms that can be found throughout 

Landfall (Barne et al., 1996). 

Sediment Transport  

 Sediment transport is a crucial link in the interaction between the hydrodynamic regime and 

coastal morphological evolution. There are two main mechanisms of sediment transport: 

▪ Bedload transport, which refers to the movement of grains along the seabed by currents, 

which primarily relates to coarse material including sands and gravels; and 

▪ Suspended load transport, which refers to particles of sediment carried in suspension in the 

water column. 

 The sediment transport regime across the study area has been characterised using regional-

scale assessments, including the work of Kenyon and Cooper (2005). Additionally, seabed 

mobility assessments and hydrodynamic modelling carried out other OWFs in close proximity 

to the Proposed Development, such as Muir Mhòr, have been used to support the 

characterisation of sediment transport (Muir Mhòr, 2025). 

 Modelling and analysis of bedforms by Kenyon and Cooper (2005) have demonstrated that 

bedload sediment is transported northwards along the coast before terminating in a bed-load 

convergence zone (Figure 2.24) (Gatliff et al., 1994; Kenyon and Cooper, 2005). This sediment 

transport is controlled mainly by tidal currents, although the mobilisation of sediment is likely 

initiated by storm-wave-induced oscillatory currents (Kenyon and Cooper, 2005). The 

combination of tidal and storm-wave-induced currents has the capacity to erode sediments up 

to gravel sizes and is most effective in the shallower water in the west. Further offshore, 

encompassing both the Aspen Array Area and far-field, storm-wave-induced orbital currents 

capable of initiating sand transport in water depths of 100 m are reported to be generated 

several times a year (Owens, 1981; Gatliff et al., 1994). 

 Offshore and towards the Aspen Array Area, coarse-grained sediment may be eroded and 

dispersed from bathymetric highs by a combination of tidal currents and storm-wave-induced 

oscillatory currents (Gatliff et al., 1994). However, sand transport rates are generally relatively 

low due to the increased depth and reduced tidal current strength, although sediment is 

mobilised during storms as outlined previously (Gatliff et al., 1994). Relative topography may 

also influence bottom current strength, with local acceleration around submarine bank 

features and bathymetric deeps (Owens, 1981; Gatliff et al., 1994). Available evidence suggests 

that transport paths in the offshore area are aligned, approximately, north to south (Gatliff et 

al.,1994; DECC, 2004).  
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 SPM provides an indication of turbidity and is highly variable according to water depth and the 

marine processes in the area (i.e. tide, current and wind regimes). SPM concentration increases 

around the autumn, winter and spring months in coastal areas, with the highest concentrations 

are typically observed near the seabed (Figure 2.25). Higher concentrations coincide with the 

occurrence of larger significant wave heights during winter months, which deepen wave bases 

and intensify erosional processes along the seabed in suitable water depths. Consequently, 

sediment resuspension is heightened, contributing to elevated SPM levels. Furthermore, 

greater SPM concentrations result from increased precipitation during winter months which 

leads to amplified fluvial runoff (Dobrynin et al., 2010). 
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Aspen Array Area  

 The absence of seabed features within the Aspen Array Area (paragraph 2.2.24) suggests an 

evident lack of sediment mobility. However, sediment may be eroded and dispersed from 

bathymetric highs by a combination of tidal currents and storm-wave-induced oscillatory 

currents, capable of initiating sand transport in water depths of 100 m are reported to be 

generated several times a year (Owens, 1981; Gatliff et al., 1994). 

 SPM concentrations are typically low in the Aspen Array Area, with value of 0.5 mg/l on average 

for a period of 20 years (Cefas, 2016). However, SPM can reach 2.5 mg/l during autumn and 

winter months, on average for a period of 20 years (Figure 2.25; Cefas, 2016). 

OTC Corridor  

 The numerous bedforms observed along the OTC Corridor suggest an active seabed (Annex A; 

Gardline 2025). The crests of sandwaves, mega ripples and ripples show an east to west 

orientation (Annex A; paragraphs 2.2.27 and 2.2.28; Figure 2.21 and Figure 2.22Figure 2.22), 

which suggest  bedload transport in a north to south direction as suggested by Stevenson et al. 

(1995). 

 SPM concentrations in the OTC Corridor are the same than within the Aspen Array Area, i.e.  

0.5 mg/l on average for a period of 20 years, with peak reaching 2.5 mg/l during the winter and 

autumn months (Figure 2.25; Cefas, 2016). However, near-bed SPM levels can rise significantly 

during storm events, and elevated concentrations are observed near the coast due to wave-

bed interaction and riverine sediment inputs. 

Landfall 

 As the surficial sediments and hydrodynamic regime are similar between the two optional 

locations for Landfall, the sediment transport and associated SPM are the same within all the 

search area. 

 Longshore sediment transport within the regional sub-cell of 2C (as shown in Figure 2.24), is 

dominated by wave action, although tidal currents may also play a role, especially at high tide 

(Ramsay and Brampton, 2000). Net littoral drift is generally low, as northward wave-induced 

drift is generally cancelled out by southward tidal currents (Barne et al., 1996). Present-day 

fluvial input rates are low and will therefore not contribute any significant quantities of beach 

material. Furthermore, the cliffs are generally resistant to marine erosion and will similarly 

provide little input to the beach material of the many pocket beaches found within the study 

area. 
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 Any sediment lost from the pocket beaches will occur due to offshore losses, due to the fact 

that all beach units are constrained by rock headlands or abrasion platforms, which restrict 

longshore sediment transport (Ramsay and Brampton, 2000). Given the current low input of 

beach material and the stable beach volumes, it is assumed that offshore losses will be similar 

in magnitude (or marginally greater) than the present sediment input (Ramsay and Brampton, 

2000). Near Stonehaven, there appears to be a net movement of beach material to the south, 

resulting in a reduced southern end (Ramsay and Brampton, 2000; CREW, 2021). This can be 

partly attributed to the winnowing of sand-sized material from the northern beach, which is 

then moved southward under north-easterly wave conditions (Ramsay and Brampton, 2000). 

The beach at Aberdeen, towards the northern limit of the OECC, appears relatively stable, with 

offshore rock reefs protecting it from severe wave attack, although overwashing of the back of 

the beach will occur under high tide conditions coupled with severe wave events (Ramsay and 

Brampton, 2000). 

 Both optional locations for Landfall were identified to be shore management plan unsuitable, 

which means that they are unlikely to be sensitive to new coastal defence construction 

(Hansom et al., 2004). This conclusion was built upon three criterions stating that both Landfall 

locations at have: 1) no substantial internal sediment exchanges affecting over 50% of their 

length; 2) internal physical obstructions to sediment exchange, such as headlands; and 3) no 

internal erosion of coastal sediment (Hansom et al., 2004). These conclusions are relevant as 

the morphology at both possible locations for Landfall is predominately characterised by rocky 

regions (paragraph 2.2.33). 

 SPM concentrations close to Landfall are generally high, with levels above 5 mg/l on average 

during the period between 1998 and 2015 (Figure 2.25; Cefas, 2016). In July, the SPM values 

are shown to be below 5 mg/l on average during the period between 1998 and 2015, which 

can be explain by the rarefaction of storm events and so decrease of turbulence at the coast 

(Figure 2.25; Cefas, 2016). 

2.3 Future Baseline Conditions  

 In line with the EIA regulations, this EIAR requires a “description of the relevant aspects of the 

current state of the environment (baseline scenario) and an outline of the likely evolution 

thereof without implementation of the project as far as natural changes from the baseline 

scenario can be assessed with reasonable effort, on the basis of the availability of 

environmental information and scientific knowledge”. This reflects how the Baseline relevant 

to marine and coastal processes is expected to evolve without the Proposed Development.  

 A consideration of the future baseline, including the associated variation, is provided in the 

context of the operating lifetime of the Proposed Development. For the current purpose of the 

Technical Report, the Representative Concentration Pathway (RCP) 8.5 (high emissions) 

scenario (Palmer et al., 2018) has been presented. The RCPs are a set of scenarios widely used 

in climate science to explore potential future trajectories of greenhouse gas emissions and their 

consequences impacts on the Earth’s climate system. 
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 The UKCP18 suggests an increases in Mean Sea Level (MSL) of 0.5 m to 0.6 m at 2100 along the 

Aberdeenshire coastline. Future changes in storm surges have been predicted to be 

indistinguishable from background variation (Lowe et al., 2009), although extreme surge level 

event frequency is likely to increase (IPPC, 2021). 

 Wave energy is predicted to decrease by greater than 10% by 2075 to 2100 in the western part 

of the North Sea while increasing in other regions (RCP8.5 scenario; Bonaduce et al., 2019). 

Inter-decadal variability may be largely due to the influence of local weather in the North Sea 

(EDF Energy, 2020). Recent analysis of the frequency of historical storm events indicates that 

there is no evidence suggesting an increase in storminess over past decades (Met Office, 

2024b). 

 In addition, the UK is affected by isostatic readjustment, a regional change in land surface 

elevation following the removal of the weight of the British-Irish Ice Sheet. Due to this 

postglacial uplift, the sea level in this region is estimated to change by approximately -0.6 mm 

to -0.9 mm/year (Palmer et al., 2018), although this is outpaced by rates of global sea level rise 

(BEIS, 2022b). 

 The current projections are that soft and erodible shorelines across Scotland (excluding 

saltmarshes), are at greater risk of erosion, and at an increased rate (Dynamic Coast, 2021). 

This is exacerbated by climate change and future sea level rise which would be expected under 

RCP 8.5 (high emissions) scenario (Dynamic Coast, 2021). No erosion is predicted for both 

optional locations at Landfall for the lifetime of the Proposed Development (i.e., 35 

years)(Dynamic Coast, 2021). 

 The Landfall area of search is generally not affected under an RCP 8.5 (high emissions) scenario 

due to its rocky nature, which means any rise in sea level or metocean change will have minimal 

impact on its difficult-to-erode coastline. However, the areas that are affected include coves 

and bays in the south of the Landfall area of search, which has sandier sediments. For example, 

Perthumie Bay shows a maximum coastal erosion of up to 41 m, this is however an isolated 

situation and the rest of the Landfall area of search remains relatively unchanged under future 

scenarios (Dynamic Coast, 2021). 

 Stonehaven is located just south of the landfall, within the ZoI (see Figure 1.1). A beach mobility 

and level study conducted by JBA consulting (2014) assessed sediment changes along this 

coastline between 2008 and 2013. This demonstrated that, closer to the Landfall (northern 

sections), sediment accumulation dominated; notably near the River Cowie (Figure 2.25), 

4,000m³ of deposition occurred over this 5 year period, while southern sections experienced 

erosion, including a 2.5 m beach retreat near the River Carron. Beach recycling has been critical 

to mitigating losses, with 25,000 tonnes of sediment artificially replenished since 2001. The 

area contains numerous enclosed sediment transport systems, which likely localise impacts and 

reduce influence on the landfall site (JBA consulting, 2014). However, these variations highlight 

the dynamic and spatially uneven rates of sediment movement typical of coastal systems. 

 It is difficult to fully predict climate change effect in coastal areas. The response of sandy 

beaches to rising sea levels is complex and can vary depending on several factors, including sea 

level, sediment supply, wave energy, and coastal morphology (Defeo et al., 2009; Doody, 2013). 

In general, there are two potential responses: 
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▪ Beach erosion: Rising sea levels can lead to increased erosion of beaches, as higher water 

levels and wave action encroach on these coastal features. This can result in shoreline 

retreat (Defeo et al., 2009; Doody, 2013); and 

▪ Beach migration: If there is sufficient sediment supply, beaches may migrate landward in 

response to rising sea levels, maintaining their overall morphology but shifting their position 

(Defeo et al., 2009; Doody, 2013). 

 If there is limited sediment supply, the beaches in this area may experience erosion and 

shoreline retreat (Doody, 2013; Hansom et al., 2017). However, if there is a sufficient supply of 

sediment from coastal erosion or longshore drift, the beach may have the potential to migrate 

landward (Doody, 2013). Perithumie Bay is a beach with a rocky foreshore, the presence of this 

rocky foreshore may act as a barrier to the sediment and reduce the level that the beach can 

migrate landwards, this is however difficult to predict (Hansom et al., 2023).  

 It is also important to note that changes in wave patterns and storm frequency due to climate 

change can influence the rate of erosion or accretion on these beaches (Hansom et al., 2017). 

However, much of the coastline consists of hard and resistant rocky cliffs and shorelines, which 

are difficult to erode. As a result, these areas are likely to remain relatively unchanged despite 

the rise in sea level. 

 In summary, while rising sea levels and climate change may lead to erosion and potential 

landward migration of the sandy beaches, the response will depend on local sediment 

dynamics and coastal morphology. The rocky cliffs in the area may be mostly resistant to direct 

erosion from sea-level rise but could still be impacted by increased storm events (paragraph 

2.3.6). 

2.4 Designated Sites 

 Designated sites in the vicinity of the marine and coastal processes study area, specifically 

designated for safeguarding and conserving marine habitats relevant to marine and coastal 

processes, are depicted in Figure 2.26. The designated sites and their associated features are 

presented below. 

▪ Southern Trench Marine Protected Area (MPA), which is designated for its burrowed mud, 

frontal features, shelf deeps and Quaternary of Scotland12. 

▪ Nigg Bay Sites of Special Scientific Interest (SSSI), which is designated for its geological 

Quaternary of Scotland; 

▪ Garron Point SSSI, which is designated for its geological features such as Old Red Sandstone 

of Devonian Age and Daldarian rocks;  

▪ Crawton Bay SSSI, which is designated for its non-marine Devonian rocks and sedimentary 

rock such as Old Red sandstone Igneous; and  

 
12 Quaternary of Scotland describes the geomorphological heritage of Scotland offering an account of how the 
natural environment responded to severe climatic change as the Quaternary era progressed over the last two 
million years. 
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▪ Dunnottar Coast Section Geological Conservation Review (GCR) site, which is designated for 

its geological non-marine rocks such as the Old Red Sandstone of Devonian Age. 
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A Annex A 

Table 3.1 Details of Seabed Features and Surficial Seabed Sediment Along the OTC Corridor (Gardline, 2025) 

MBES and SSS Data  Grab Sample Data  

KP Range Seabed Sediments Seabed Morphology PSA Station Fine (%) Sand (%) Gravel (%) 

0.000-33.757 Silty SAND Featureless 

ECR_33 24.90 75.10 0.01 

ECR_32 31.10 68.90 0.03 

ECR_31 29.70 70.30 0.00 

ECR_30 32.00 68.00 0.00 

ECR_29 29.50 70.50 0.00 

ECR_28 29.80 70.20 0.00 

ECR_27 20.10 79.90 0.00 

ECR_26 11.20 88.80 0.00 

33.757 – 
44.387 

Silty SAND 
Sandwaves, orientated east to west and height 0.6 to 
1.7 m, megaripples, orientated east to west with 
wavelengths of 20 to 40 m and height 0.3 to 0.5 m. 

ECR_25 6.60 93.40 0.00 

ECR_24 6.10 93.90 0.02 

ECR_23 6.50 92.60 0.90 

44.387 - 45.979 Gravelly SAND 
Sandwaves, orientated east to west and height 0.7 to 
2.6 m, ripples, orientated east to west with 
wavelengths of 5 to 10 m and height <0.3 m. ECR_22 6.50 87.60 6.00 

45.979 – 
50.977 

Silty SAND 
Megaripples, orientated east to west with 
wavelengths of 10 to 30 m and height 0.3 to 0.5 m. 

50.977 – 
53.231 

Silty SAND 
Sandwaves, orientated east to west and height 0.7 to 
1.5 m, ripples, orientated east to west with 
wavelengths of 5 to 10 m and height <0.1 m. 

ECR_21 2.90 85.70 11.40 
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MBES and SSS Data  Grab Sample Data  

KP Range Seabed Sediments Seabed Morphology PSA Station Fine (%) Sand (%) Gravel (%) 

53.231 – 
57.767 

Gravelly SAND 
Ripples, orientated east to west with wavelengths of 5 
to10 m and height <0.1 m. 

ECR_20 3.20 84.00 12.80 

57.767 – 
61.969 

Gravelly SAND with 
bands of silty SAND 

Featureless, bands of ripples, orientated east to west 
with wavelengths of 5 to 10m and height <0.1 m. 

ECR_19 14.20 82.20 3.70 

61.969 – 
63.305 

Silty SAND 
Ripples, orientated east to west with wavelengths of 5 
to 10 m and height <0.1 m 

63.305 – 
63.931 

Silty SAND with bands 
of gravelly SAND 

Featureless, bands of ripples, orientated east to west 
with wavelengths of 5 to 10 m and height <0.1 m. 

63.931 – 
64.654 

Silty SAND 
Ripples, orientated east to west with wavelengths of 5 
to 10 m and height <0.3 m. 

64.654 - 65.169 Silty SAND 
Sandwaves, orientated east to west and height 0.7 to 
2.2 m, megaripples, orientated east to west with 
wavelengths of 10 to 30 m and height 0.3 to 0.5 m. 

ECR_18 4.40 95.50 0.10 

65.169 – 
70.126 

Silty SAND with bands 
of gravelly SAND 

Sandwaves, orientated east to west and height 0.7 to 
2.5 m, featureless, megaripples, orientated east to 
west with wavelengths of 10 to 30 m and height 0.3 to 
0.5 m. 

ECR_17 10.10 87.50 2.40 
70.126 – 
71.657 

Silty SAND 
Sandwaves, orientated east to west and height 0.8 to 
1.6 m, megaripples, orientated east to west with 
wavelengths of 10 to 20 m and height 0.3 to 0.5 m 

71.657 - 73.784 Gravelly SAND 
Sandwaves, orientated east to west and height 1.0 to 
1.4 m, megaripples, orientated east to west with 
wavelengths of 10 to 20 m and height 0.3 to 0.5 m. 

73.784 – 
74.262 

Silty SAND 
Megaripples, orientated north-west to south-east with 
wavelengths of 10 to 20 m and height 0.3 to 0.5 m. 

74.262 – 
80.619 

Silty SAND with bands 
of gravelly SAND 

Sandwaves, orientated north-west to south-east and 
height 1.8 to 2.9 m, megaripples, orientated east to 
west with wavelengths of 10 to 20 m and height 0.3 to 
0.8 m. 

ECR_16 7.60 92.20 0.30 

ECR_15 8.00 90.50 1.40 
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MBES and SSS Data  Grab Sample Data  

KP Range Seabed Sediments Seabed Morphology PSA Station Fine (%) Sand (%) Gravel (%) 

80.619 – 
85.462 

Silty SAND 
Sandwaves, orientated north-west to south-east and 
height 1.0 to 1.5 m, ripples, orientated east to west 
with wavelengths of 5 to 10 m and height <0.3 m. 

ECR_14 2.50 97.10 0.40 

85.462 – 
87.105 

Gravelly SAND 
Ripples, orientated east to west with wavelengths of 5 
to 10 m and height <0.3 m. 

ECR_13 5.70 82.60 11.80 
87.105 – 
87.532 

Silty SAND 
Ripples, orientated east to west with wavelengths of 5 
to 10 m and height <0.3 m. 

87.532 – 
92.726 

Gravelly SAND 

Sandwaves, orientated north-west to south-east and 
height 1.0 to 1.5 m, ripples, orientated east to west  
with wavelengths of 5 to 10 m and height <0.3 m, 
patches of featureless sediments. 

ECR_12 4.20 91.60  

92.726 – 
103.662 

Gravelly SAND 
Sandwaves, orientated north-west to south-east and 
height 0.9 to 4.0 m, ripples, orientated east to west 
wavelengths of 5 to 10 m and height <0.3 m. 

ECR_11 3.00 93.20 3.90 

103.662 – 
103.939 

Silty SAND 
Ripples, orientated east to west with wavelengths of 5 
to 10 m and height <0.3 m. 

ECR_10 2.30 93.30 4.40 

103.939 – 
105.021 

Silty SAND 

Sandwaves, orientated north-west to south-east and 
height 2.5 to 2.8 m, megaripples, orientated east to 
west with wavelengths of 5 to 10 m and height 0.3 to 
0.5 m. 

ECR_09 4.00 91.70 4.30 

105.021 – 
105.419 

Gravelly SAND Featureless. 

105.419 – 
106.500 

Silty SAND 
Sandwave, orientated north-west to south-east and 
height 2.5 m, megaripples, orientated east to west 
with wavelengths of 5 to 10 m and height 0.3 to 0.5 m. 

ECR_08 28.30 71.50 0.30 106.500 – 
107.221 

Gravelly SAND Featureless. 

107.221 – 
110.567 

Silty SAND 
Megaripples, orientated east to west with 
wavelengths of 20 to 40 m and height 0.3 to 0.5m. 
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MBES and SSS Data  Grab Sample Data  

KP Range Seabed Sediments Seabed Morphology PSA Station Fine (%) Sand (%) Gravel (%) 

110.567 – 
111.617 

Silty SAND 
Megaripples, orientated east to west with 
wavelengths of 25 to 75 m and height 0.3 to 0.5 m. 

ECR_07 13.70 81.00 5.30 

111.617 – 
111.970 

Silty SAND Featureless. 

111.970 – 
113.195 

Gravelly SAND Featureless. 

113.195 – 
113.776 

Silty SAND Featureless. 

113.776 – 
114.431 

Silty SAND 
Sandwaves, orientated east to west and height 0.6 to 
1 m, ripples, orientated east to west with wavelengths 
of 5 to 10 m and height <0.3 m. 

114.431 – 
114.804 

Silty SAND Featureless. 

114.804 – 
115.876 

Gravelly SAND Featureless. 

115.876 – 
118.921 

Silty SAND 
Sandwaves, orientated north-west to south-east and 
height 0.5-0.8 m, featureless. 

ECR_06 12.60 85.10 2.40 
118.921 – 
119.010 

Silty SAND 
Sandwaves, orientated north-west to south-east and 
height 1.1 to 1.3 m, ripples, orientated east to west 
with wavelengths of 5 to 10 m and height <0.1 m. 

119.010 – 
120.852 

Gravelly SAND Featureless. 

120.852 – 
123.028 

Silty SAND 
Sandwaves, orientated north-west to south-east and 
height 1.1 to 4.0 m, ripples, orientated east to west 
with wavelengths of 5 to 10 m and height <0.3 m. 

ECR_05 4.40 95.50 0.10 123.028 – 
123.339 

Silty SAND Featureless. 

123.339 – 
123.590 

Gravelly SAND Featureless. 
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MBES and SSS Data  Grab Sample Data  

KP Range Seabed Sediments Seabed Morphology PSA Station Fine (%) Sand (%) Gravel (%) 

123.590 – 
124.153 

Silty SAND 
Ripples, orientated east to west with wavelengths of 5 
to 10 m and height <0.3 m. 

124.153 – 
135.730 

Silty SAND Featureless. 

ECR_04 27.20 72.70 0.10 

ECR_03 39.50 60.50 0.10 

ECR_02 13.20 86.60 0.20 
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