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Defined Terms 

Term Definition 

Applicant Cerulean Winds Aspen Project Limited. 

Appropriate 
Assessment (AA)  

A specific part of the Habitats Regulations Appraisal (HRA) process, 
evaluating whether a plan or project may affect the integrity of a 
European Site.  

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.  

B fields B field, also known as a magnetic field, is a vector field that describes the 
influence of magnetic forces on moving electric charges, electric currents, 
and magnetic materials. 

Design Envelope  A description of the range of possible elements that make up the 
Proposed Development’s design options under consideration, as set out 
in detail in the project description. This envelope is used to define the 
Proposed Development for Environmental Impact Assessment (EIA) and 
Habitats Regulation Appraisal (HRA) purposes when the exact engineering 
parameters are not yet known. This is also known as the “Rochdale 
Envelope” approach.  

E fields  An E field, or electric field, is a vector field that represents the force 
experienced by an electric charge due to the presence of other charges. 

EIA Regulations The collective term used to refer to the following:   
▪ The Electricity Works (Environmental Impact 

Assessment)(Scotland)  Regulations 2017;    
▪ The Marine Works (Environmental Impact Assessment) 

(Scotland)  Regulations 2017; and 
▪ The Marine Works (Environmental Impact Assessment) Regulations 

2007. 

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.  

Foundation Anchors  The structure which anchors the moorings to the seabed.  

Foundation Moorings  The chains/synthetics that connect the Floating Foundations to the 
Foundation Anchors to maintain floater station.  

Habitats Regulation 
Appraisal (HRA)  

A process required under the Conservation (Natural Habitats, &c,) (as 
amended) Regulations 1994, the Conservation of Habitats and Species 
Regulations 2017; and the Conservation of Offshore Marine Habitats and 
Species Regulations 2017, (commonly known as the Habitat Regulations), 
which helps determine likely significant effects and (where appropriate) 
assesses adverse impacts on the integrity of European conservation sites 
and Ramsar sites. The process consists of up to four stages of assessment: 
screening, appropriate assessment and derogation. 
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Term Definition 

High Voltage 
Alternating Current 
(HVAC)   

Refers to where the flow of electric current reverses direction in a regular 
frequency. HVAC supports bulk power flow over short to medium 
transmission distances.   

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.   

Horizontal Directional 
Drilling (HDD)  

A method of cable installation where the cable is drilled beneath a feature 
without the need for trenching.  

iE fields An iE field (Induced electric field) is an electric field created when a 
magnetic field changes over time, and it can cause electric current to flow 
without a battery. 

In-combination 
Assessment 

The in-combination assessment assesses whether potential impacts from 
other plans or projects, proposed or current, when combined with the 
Proposed Developments potential impacts, will result in adverse effects 
on the integrity of the designated site. 

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.  

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

Marine Directorate - 
Licensing Operations 
Team (MD-LOT)   

The Marine Directorate responsible for Section 36 Consents, and marine 
licensing within the Scottish inshore region (between 0 and 12 nautical 
miles (nm)) and in the Scottish offshore region (between 12 and 200 nm). 
MD-LOT acts on behalf of the Scottish Ministers.    

Marine Directorate - 
Science, Evidence, 
Data and Digital (MD-
SEDD)   

The scientific division of the Marine Directorate, responsible for provision 
of expert scientific, economic, and technical advice and services on issues 
relating to fisheries, aquaculture, marine renewable energy. It provides 
the evidence to support the policies and regulatory activities of the 
Scottish Government through a programme of monitoring and research 
as well as performing regulatory and enforcement activities.   

Marine Licence  Licence granted under the Marine (Scotland) Act 2010 and/or the Marine 
and Coastal Access Act 2009 where relevant.  

Offshore 
Environmental Impact 
Assessment Report 
(Offshore EIAR)  

The published report of the Environmental Impact Assessment (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 
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Term Definition 

robust secure power supply to oil and gas assets when the Aspen Array 
Area is not generating sufficient renewable power to support their 
demand.  

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).  

Qualifying Feature  A specific element or attribute of the European site that has been 
recognised as nationally or internationally important and forms a basis for 
the site’s legal protection and designation.  

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 

Acronym Definition 

AC Alternating Current 

ADD Acoustic Deterrent Devices 

AEoSI Adverse Effect on Site Integrity 

AfL Agreement for Lease 

AL Action Level 

BAC Background Assessment Criteria 

BERR Business Enterprise and Regulatory Reform 

CaP Cable Plan 

CBRA Cable Burial Risk Assessment 

Cefas Centre for Environment, Fisheries and Aquaculture Science 

CMS Construction Method Statement 

DC Direct Current 

DP Decommissioning Programme 

ECC Export Cable Corridor 

eDNA Environmental DNA 

EIA Environmental Impact Assessment 

EIAR  Environmental Impact Assessment Report  

EMF Electromagnetic Field 

EMP Environmental Management Plan 

EPS European Protected Species 

ES Environmental Statement  

EU European Union 

FEQG Federal Environmental Quality Guidelines 

FMS Fisheries Management Scotland 

HDD  Horizontal Directional Drilling  

HRA  Habitats Regulation Appraisal  

INNS  Invasive Non-Native Species  

JNCC Joint Nature Conservation Committee  

LSE Likely Significant Effect 

MarLIN The Marine Life Information Network 

MD-LOT Marine Directorate - License Operations Team  
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Acronym Definition 

MDS  Maximum Design Scenario  

MHWS Mean High Water Springs 

MMMP Marine Mammal Mitigation Plan 

MMO Marine Management Organisation 

MSS Marine Scotland Science 

MWSQ Marine Water and Sediment Quality 

NMBAQC North East (NE) Atlantic Marine Biological Analytical Quality Control 

O&M Operation and Maintenance  

OSP  Offshore Substation Platform  

OTC Offshore Transmission Cable 

OWF Offshore Wind Farm 

PAHs Polycyclic Aromatic Hydrocarbons 

PBDE Polybrominated Diphenyl Ethers 

PEL Probable Effect Level 

PLGR Pre-lay Grapnel Run 

PMF Priority Marine Feature  

PS Piling Strategy 

PSA Particle Size Analysis 

RIAA Report to Inform Appropriate Assessment  

SAC Special Areas of Conservation  

SEL Sound Exposure level 

SNH Scottish Natural Heritage 

SPL Sound Pressure Level 

SSC Suspended Sediment Concentration 

TEL Threshold Effect Limit 

TSHD Trailer Suction Hopper Dredger 

TTS Temporary Threshold Shift 

UK United Kingdom 

UWN Underwater Noise 

UXO   Unexploded Ordnance  

WTGs  Wind Turbine Generators  

ZoI Zone of Influence 
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Units 

Unit Definition 

dB Decibel 

GW Gigawatt 

ha Hectares 

km Kilometers  

Km2 Square kilometer 

m Metre 

mT Millitesla 

Nm Nautical miles 

µT Microtesla 
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4 Fish and Shellfish Ecology 

4.1 Introduction to Chapter 

 This chapter presents the findings of the RIAA for fish and shellfish ecological receptors. 

Building on the conclusions of the screening stage, this chapter provides an assessment of 

Adverse Effects on the Site Integrity (AEoSI) for those receptors that were identified as having 

Likely Significant Effects (LSE) in relation to the following European sites: the Rivers Dee SAC, 

South Esk SAC, River Tay SAC and River Spey SAC. 

 The assessment focuses on Qualifying Features of the sites that are sensitive to potential 

impacts from the Proposed Development, specifically the Atlantic salmon (Salmo salar) and 

freshwater pearl mussel features of the River Dee SAC. These receptors are considered in terms 

of their conservation objectives, sensitivity to impact pathways, and potential for AEoSI as a 

result of the impacts associated with the Proposed Development as shown in Section 4.3. 

4.2 Consultation 

 Consultation of relevance to fish and shellfish ecology is presented in Table 4.1. 
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Table 4.1 Consultation Responses for Fish and Shellfish Ecology 

Date and Document Consultee Topic Comment Received How and Where Addressed in This Document 

24 March 2025, Scoping Opinion NatureScot Fish and Shellfish Ecology Section 5.4 (of the Screening Report) discusses the 
Screening process in relation to sites designated for 
diadromous fish and River Dee SAC, River South Esk SAC, 
River Tay SAC and River Spey SAC are screened in for 
further assessment.  
We advise that for diadromous fish species there is limited 
knowledge of distribution and behavior of these species in 
the marine environment and thus it is not possible to carry 
out an assessment of impacts to diadromous fish to the 
level required under HRA. Therefore, we advise that 
diadromous fish species should be assessed through EIA 
only and not through HRA. 

Following the refinement of the underwater noise 
ZoI, the four SAC sites originally screened in have 
been reduced to one for further assessment, the 
River Dee SAC (Paragraph 4.3.4 et seq). 
 
The Applicant considers that excluding diadromous 
fish is not legally appropriate and in order to satisfy 
the Habitats Regulations diadromous/migratory 
fish have been considered and assessed. Following 
the justification within the Screening Report (see 
Offshore EIAR Volume 3, Appendix 6.3: Offshore 
HRA Screening Report) and the precedent set out 
on other offshore wind farms, a 100 km screening 
distance was used for identifying sites designated 
for fish and shellfish receptors. Sites screened in 
for fish and shellfish receptors can be seen in 
Section 4.3.  

24 March 2025, Scoping Opinion Scottish 
Ministers/Fisheries 
Management 
Scotland/NatureScot/Joint 
Nature Conservation 
Committee 

Fish and Shellfish Ecology The Scottish Ministers are in agreement with the 
NatureScot representation which states that due to the 
incomplete knowledge base surrounding diadromous fish, 
impacts on these species should be considered through the 
EIA process rather than through HRA. The Scottish 
Ministers, however, also refer the Developer to the FMS 
representation generally which emphasises the need for 
thorough consideration of the impacts specifically on 
diadromous fish. 

The Applicant considers that excluding diadromous 
fish is not legally appropriate and in order to satisfy 
the Habitats Regulations, diadromous/migratory 
fish have been considered and assessed. Following 
the justification within the Screening Report (see 
Offshore EIAR Volume 3, Appendix 6.3: Offshore 
HRA Screening Report) and the precedent set out 
on other offshore wind farms, a 100 km screening 
distance was used for identifying sites designated 
for fish and shellfish receptors. Site(s) screened in 
for fish and shellfish receptors can be seen in 
Section 4.3. 

April 2025 MSS/Fisheries 
Management Scotland 

Fish and Shellfish Ecology We note that the EIA Scoping report identifies the River 
Dee, South Esk and River Tay SAC rivers. However, we also 
consider that the SACs designated for Atlantic salmon 
within the southern part of the Moray Firth should be 
scoped in. These include the River Spey, River Morriston 
and River Oykel SACs. Acoustic tracking work has 
demonstrated that salmon smolts migrate through the 
southern part of the Moray Firth and therefore it cannot be 
assumed that they will avoid the Proposed Development 
site as they move further offshore. 

Whilst the recommended SACs are well outside of 
the 100 km underwater noise ZoI that was 
considered to scope sites into the RIAA, impacts on 
Atlantic salmon from those other SACs are 
considered when considering any Atlantic salmon 
that may be transiting through the Proposed 
Development on the way to or from their natal 
river, as part of the assessments (Section 4.5), 
which includes a note of the results of the Offshore 
EIA which includes assessment of all Atlantic 
salmon receptors, irrespective of their natal river, 
and/or SAC of origin. 
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4.3 Screening Summary, Design Parameters and Project Commitments 

Introduction 

 The following sites and Qualifying Features (as shown in Figure 4.1), were originally screened 

in for fish and shellfish ecological receptors, as detailed in Offshore EIAR, Volume 3, Appendix 

6.3: Offshore HRA Screening Report: 

▪ River Dee Special Area of Conservation (SAC); 

▪ Atlantic salmon 

▪ Freshwater pearl mussel  

▪ River South Esk SAC; 

▪ Atlantic salmon 

▪ Freshwater pearl mussel 

▪ River Spey SAC; 

▪ Atlantic salmon 

▪ Freshwater pearl mussel 

▪ Sea lamprey 

▪ River Tay SAC; 

▪ Atlantic salmon 

▪ River lamprey 

▪ Sea lamprey 

▪ Brook lamprey 

 The existing environment for fish and shellfish ecology is detailed in Offshore EIAR, Volume 3, 

Appendix 10.1: Fish and Shellfish Technical Report, which should be read alongside this 

document. The technical report provides information on fish and shellfish receptors that are 

likely to be present in the vicinity of the Proposed Development, informed by a desktop review 

of existing data and resources and site-specific surveys. 

 As defined in Offshore EIAR, Volume 3, Appendix 6.3: Offshore HRA Screening Report, the 

following impacts were initially scoped into the assessment: 

▪ Mortality, injury (TTS), and behavioural impacts and auditory masking arising from noise and 

vibration (construction and decommissioning);  

▪ Increased suspended sediment concentration (SSC) and deposition (construction, O&M and 

decommissioning); 

▪ Direct and indirect seabed disturbance leading to release of sediment contaminants 

(construction and decommissioning);  

▪ Electromagnetic Field (EMF) effects arising from cables (O&M); 
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▪ Increased risk of introduction and/or spread of invasive non-native species (INNS) from 

vessel traffic (construction and decommissioning); 

▪ Accidental pollution (construction, O&M and decommissioning phases); 

▪ Colonisation of hard substrates (O&M); and 

▪ Habitat loss and disturbance (construction, O&M and decommissioning). 

Update to Impacts Following Screening 

 With regards to fish and shellfish ecology the following updates have been made to the HRA 

Screening since submission of the initial HRA Screening Report (Offshore EIAR, Volume 3, 

Appendix 6.3: Offshore HRA Screening Report). 

 The underwater noise Zone of Influence (ZoI) has been updated following refinement of the 

project parameters. At the time of screening, a larger 100 km ZoI was included around all of 

the Proposed Development, including all of the Offshore Transmission Cable (OTC) Corridor, as 

there was the potential for piling activity associated with the Offshore Substation Platforms 

(OSPs) to have occurred within the OTC Corridor. However, as all of the OSPs will now be 

contained within the Aspen Array Area, the underwater noise ZoI has been reduced so that the 

100 km buffer is only applicable from the centre of the Aspen Array Area (Figure 4.1). The 

westerly part of the OTC Corridor includes an additional part of the underwater noise ZoI as 

other construction traffic and works within the OTC Corridor, including UXO clearance still 

require consideration from underwater noise impacts. As such the westerly part of the OTC, as 

shown in Figure 4.1 includes a 10 km sedimentary ZoI (black dashed polygon) and an extension 

of the underwater noise ZoI, also at 10 km from the OTC Corridor (pink dashed polygon). 

 UXO clearance for the Proposed Development is predicted to potentially result in a worst case 

of potential mortal injury of less than 1 km and therefore any effects from this will be captured 

within the boundary of the 10km sedimentary ZoI as this is considered sufficient to cover 

removal of UXO(s) from within that part of the OTC Corridor (see Table 4.7). 

 As a result of the update to the underwater noise ZoI for the Proposed Development (Figure 

4.1), the following sites and features have been screened out of further assessment: 

▪ River South Esk SAC (170 km from the Aspen Array Area and 60 km from the OTC Corridor); 

▪ Atlantic salmon 

▪ Freshwater pearl mussel 

▪ River Spey SAC (160 km from the Aspen Array Area and 130 km from the OTC Corridor);  

▪ Atlantic salmon 

▪ Freshwater pearl mussel 

▪ Sea lamprey 

▪ River Tay SAC (193 km from the Aspen Array Area and 38 km from the OTC Corridor) 

▪ Atlantic salmon 

▪ River lamprey 
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▪ Sea lamprey 

 It should be noted that during consultation Marine Scotland Science (MSS) and Fisheries 

Management Scotland (FMS) requested the River Morriston SAC and River Oykel SAC to be 

considered. However, as these sites are outside of the 100 km ZoI they have not been 

considered with the Screening Report or RIAA. 

 A number of potential impacts were originally screened in on a precautionary basis due to 

uncertainty regarding potential indirect effects, however following further consideration of the 

project parameters, the following impacts have now been screened out of the assessment: 

▪ Increased risk of introduction and/or spread of INNS from vessel traffic (construction, O&M 

and decommissioning); 

▪ Colonisation of hard substrates (O&M);  

▪ Accidental pollution (construction, O&M and decommissioning phases); and 

▪ Habitat loss and disturbance (construction, O&M and decommissioning). 

 The River Dee SAC is approximately 6 km from the OTC Corridor and as such was originally 

screened for each of the impacts listed in the bullets above. However, through further 

consideration there will be no pathway of effect whereby either Atlantic salmon or freshwater 

pearl mussel can be directly or indirectly impacted by any of the bulleted impacts as a result of 

the Proposed Development. Atlantic salmon development stages require a specific substrate 

(which could potentially be colonised, disturbed, polluted or lost) which is located within the 

freshwater part of the river systems located outside of any area that could be impacted by the 

Proposed Development. In addition, there is no pathway of effect for impacts whilst Atlantic 

salmon (with or without associated freshwater pearl mussel glochidia) are migrating to or from 

their natal rivers. Being sedentary and present within the riverine environment the same logic 

applies to juvenile / adult freshwater pearl mussels. As such these three impacts have been 

screened out of the assessment.  

Sites and Impacts Assessed 

 The European site and associated Qualifying Features that are assessed within this chapter are: 

▪ River Dee SAC 

▪ Atlantic salmon 

▪ Freshwater pearl mussel 

 The remaining impacts considered within this assessment are: 

▪ Mortality, injury (Temporary Threshold Shift (TTS)), and behavioural impacts and auditory 

masking arising from noise and vibration (construction, O&M and decommissioning)1;  

▪ Temporary increases in suspended sediment concentration (SSC) and deposition 

(construction, O&M and decommissioning); 

 
1 Following a consultation response, the impacts of O&M underwater noise required assessment within the 
Offshore EIAR. As such noise from O&M is also considered within this RIAA. 
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▪ Direct and indirect seabed disturbance leading to release of sediment contaminants 

(construction, O&M and decommissioning); and 

▪ EMF effects arising from cables (O&M). 
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 This section summarises the information used to quantify the magnitude of the potential 

impacts on the relevant Qualifying Features of the SAC sites.  The aim of this section is not to 

replicate the information within the Offshore EIAR and associated appendices, but to present 

a summary of the key data used to inform the Offshore RIAA. A more detailed analysis is 

presented in Offshore EIAR, Volume 2, Chapter 10: Fish and Shellfish Ecology. 

Mortality, Injury, Behavioural Impacts and Auditory Masking Arising from Noise and Vibration 

(temporary) 

 Underwater noise during construction of the Proposed Development has been assessed with 

consideration of the following: 

▪ Offshore EIAR, Volume 2, Chapter 10: Fish and Shellfish Ecology; and 

▪ Offshore EIAR, Volume 3, Appendix 3.1: Underwater Noise Modelling Report. 

 There are three main sources of underwater noise associated with the Proposed Development 

alone during construction, O&M and decommissioning: 

▪ Underwater noise from piling within the Aspen Array Area (construction);  

▪ Underwater noise from Unexploded Ordnance (UXO) clearance (construction and 

decommissioning); and 

▪ Underwater noise from other sources (such as noise from other construction, O&M and 

decommissioning works, WTG noise, vessel traffic, etc). 

 The approach taken by this RIAA is to assess these noise sources individually, with an overall 

conclusion of the effect from underwater noise. 

 Underwater noise can potentially have a negative impact on fish species ranging from physical 

injury/mortality, behavioural impacts and masking of communication. Piling activities (WTG 

anchors and OSP foundations), and UXO clearance has the potential to result in an adverse 

effect on fish and shellfish features of nearby designated sites. 

 In general, biological damage due to underwater noise is either related to a large pressure 

change (barotrauma) or to the total quantity of sound energy received by a receptor. 

Barotrauma injury can result from exposure to a high intensity sound even if the sound is of 

short duration (for example UXO clearance or a single strike of a piling hammer). However, 

when considering injury due to the length of an exposure, the duration of the exposure and 

total energy received by the receptor becomes important. Fish are also considered to be 

sensitive to the particle motion element of underwater noise.  

 Fish and shellfish receptors can be grouped into the Popper et al., (2014) categories based on 

their hearing system:  

▪ Group 1: Fish with no swim bladder or other gas chamber are sensitive only to particle 

motion and show sensitivity only to a narrow band of frequencies; 

▪ Group 2: Fish with swim bladders in which hearing does not involve the swim bladder or 

other gas volume (which includes salmonids, such as Atlantic salmon), are more sensitive to 

particle motion than sound pressure;  
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▪ Group 3: Fish in which hearing involves a swim bladder or other gas volume-- e.g. clupeids 

such as shad species are primarily sensitive to sound pressure, although they also detect 

particle motion (Hawkins and Popper, 2016); and 

▪ Shellfish: No threshold criteria are available for shellfish (which include the freshwater pearl 

mussel). 

 Group 2 (Atlantic salmon) is considered within this assessment. It should be noted that Atlantic 

salmon are hosts of freshwater pearl mussel glochidia. With consideration of the ecology of 

freshwater pearl mussel, they are only considered to have potential to be directly impacted by 

the particle motion aspect of this impact, however, indirect impacts from the host species are 

also considered within this assessment. 

 The extent to which intense underwater sound might impact upon a particular fish species is 

dependent on the level of sound pressure or particle motion, its frequency, duration and/or 

repetition (Hastings and Popper, 2005). The range of potential effects from intense sound 

sources, such as pile driving and UXO clearance, includes immediate death, permanent or 

temporary tissue damage and hearing loss, behavioural changes and masking effects (Popper 

et al., 2014). Tissue damage can result in eventual death or may make the fish less fit until 

healing occurs, resulting in lower survival rates. Temporary hearing loss can also lower fitness 

until hearing recovers. Specifically, when considering migratory fish features such as Atlantic 

salmon, underwater noise can cause barriers to migration, and therefore due consideration to 

this impact is given in this assessment.  

 Recoverable injury is defined as a survivable injury with full recovery occurring after exposure, 

although decreased fitness during this recovery period may result in increased susceptibility to 

predation or disease (Popper et al., 2014).  

 TTS is a temporary reduction in hearing sensitivity caused by exposure to intense sound. TTS 

results from temporary changes in sensory hair cells of the inner ear and/or damage to auditory 

nerves. However, sensory hair cells are constantly added to fish and are replaced when 

damaged and therefore the extent of TTS is of variable duration and magnitude, with no 

potential for this to lead to permanent effects. Normal hearing ability returns following 

cessation of the noise causing TTS. When experiencing TTS, fish may have decreased fitness 

due to a reduced ability to communicate, detect predators or prey, and/or assess their 

environment.  

 Behavioural effects in response to construction related underwater noise include a wide variety 

of responses including startle responses (C-turn), strong avoidance behaviour, changes in 

swimming or schooling behaviour, or changes of position in the water column (e.g. Hawkins et 

al., 2014). Depending on the strength of the response and the duration of the impact, there is 

the potential for some of these responses to lead to significant effects at an individual level 

(e.g. reduced fitness, increased susceptibility to predation) or at a population level (e.g. 

avoidance or delayed migration to key spawning grounds). There are no quantitative thresholds 

advised for behavioural impacts assessment, however, Popper et al., (2014) provide qualitative 

behavioural criteria for fish from a range of sources. These categorise the risks of effects in 

relative terms as ''high, moderate or low'' at three distances from the source: near (10s of 

metres), intermediate (100s of metres), and far (1000s of metres), respectively. 
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 The impact thresholds for the different groups of species relevant to this RIAA are presented 

in Table 4.2 for impulsive noise, for quantitative behavioural response in Table 4.3, for 

UXO/explosives in Table 4.4, and for continuous noise in Table 4.5.  

Table 4.2 Impact Threshold Criteria (Popper et al., 2014) 

Impact Threshold Noise Level (dB re. 1µPa SPL/dB re. 1 µPa2s SEL) 

Group 
Mortality and Potential 

Mortal Injury 
Recoverable Injury TTS 

Group 2 210 dB SELcum 
207dB SPLpeak 

203 dB SELcum 
207 dB SPLpeak 

>186 dB SELcum 

 

Table 4.3 Qualitative Behavioural Criteria (Popper et al., 2014) 

Literature Impairment2 

Auditory Masking Behaviour 

Group 2 (N) Moderate 
(I) Low 
(F) Low 

(N) High 
(I) Moderate 
(F) Low 

 

Table 4.4 Impact Threshold Criteria for Explosives (Popper et al., 2014) 

Impact Threshold Noise Level (Peak, dB re 1μPa) 

Group 
Mortality and Potential 

Mortal Injury 
Recoverable Injury2 TTS2 

Group 2 229-234 (N) High 
(I) High 
(F) Low 

(N) High 
(I) Moderate 
(F) Low 

 

Table 4.5 Criteria for Continuous Sounds (Popper et al., 2014) 

Category Mortality and Potential 
Mortal Injury2 

Recoverable 
Injury2 

TTS2 Behavioural2 

Group 2 (N) Low 
(I) Low 
(F) Low 

(N) Low 
(I) Low 
(F) Low 

(N) Moderate 
(I) Low 
(F) Low 

(N) Moderate 
(I) Moderate 
(F) Low 

 

 
2 Risk of impact category (high, moderate low) is given at three distances from the source in relative terms: 
near field (N: 10s of metres), intermediate field (I: 100s of metres), and far field (F: 1000s of metres); (Popper 
et al., 2014). 
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Piling Operations 

 Table 4.6 summarises the maximum predicted impact ranges for mortality and potential mortal 

injury, recoverable injury and TTS from piling activities in the Aspen Array Area. The impact 

ranges from piling within the Aspen Array Area are also presented in Figure 4.2 and Figure 4.3. 

Further detail with regards to the noise modelling is presented in Offshore EIAR, Volume 3, 

Appendix 3.1: Underwater Noise Technical Report.  

 The 186 dB (SELcum) impact contours for fleeing Atlantic salmon on are shown by the grey 

polygon on Figure 4.2 and Figure 4.3. Due to the same impact range for the 203 dB and 210 dB 

(SELcum) of <100 m, these contours are overlapping, and as such only the 203 dB (yellow 

polygon) is shown, whereas the 210 dB (green polygon) is underneath the yellow contour, and 

is not discernible in Figure 4.2 and Figure 4.3.    

 As indicated in Table 4.6, the worst case in relation to underwater noise impacts from piling of 

foundations within the Aspen Array Area, when considering Atlantic salmon is the following: 

▪ The sequential installation of up to four piled OSP jacket foundation piles in the centre of 

the Aspen Array Area within a 24-hour period; or 

▪ The sequential installation of up to four piled anchors in the north corner of the Aspen Array 

Area within a 24-hour period.  

 The potential for mortality or mortal injury is likely to only occur in close proximity to the sound 

source, although for impact piling the risk of this occurring will be reduced by use of soft start 

techniques at the start of the piling sequence (as per the embedded commitments specified in 

Table 4.11). This means that fish near to piling operations will likely move outside of the impact 

range, before noise levels reach a level likely to cause irreversible injury. 
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 Table 4.6 Worst-case Noise Modelling Results for Injury Ranges for Fleeing Atlantic Salmon From the Sequential Piling of WTG Anchor Piles and OSP 
Foundation Piles at a Single Location 

Criteria Noise Level (dB re 
1µPa 

SEL/dB re 1µPa2 
SEL) 

Impact Ranges for the Sequential Piling of Four WTG Anchor 
Piles (m) 

Impact Ranges for 
the Sequential 

Piling of Four OSP 
Pin Piles (m) 

Modelling Location  Aspen Array Area - 
North Corner (N) 

Aspen Array Area - 
East Edge (E) 

Aspen Array Area - 
West Corner (W) 

Aspen Array Area - 
South Corner (S) 

Aspen Array Area - 
Centre  

Mortality and Potential Mortal Injury 

SPLpeak 207 dB 340 340 340 340 320 

SELcum (fleeing) 210 dB <100 <100 <100 <100 <100 

Recoverable Injury 

SPLpeak 207 dB 340 340 340 340 320 

SELcum (fleeing) 203 dB <100 <100 <100 <100 <100 

TTS 

SELcum (fleeing) 186 dB 50,000 49,000 45,000 44,000 50,000 
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UXO Clearance 

 There is a potential for mortality or mortal injury from UXO detonations, and it is anticipated 

that Acoustic Deterrent Devices (ADDs) would be used prior to a UXO detonation (to be 

determined in the UXO-specific Marine Mammal Mitigation Plan (MMMP) as part of the Marine 

Licence application). The reaction of free-swimming fish to ADDs is unknown and based on 

anecdotal evidence from UXO campaigns where records have been made of fish floating at the 

surface after an explosion, it is possible that some fish will experience mortality and injurious 

impacts, however, use of ADDs may cause a fleeing response in fish which could reduce the 

impact of UXO clearance. 

 The Applicant has committed to the avoidance of UXO hazards where practicable and 

appropriate. If avoidance is not practicable, decision making will relate to removal, with 

detonation considered if avoidance or removal is not possible. If detonation is required, low-

order deflagration will be the preferred method, over high-order detonations; low-order 

deflagration consists of the use of a small charge, which burns through the casing of the 

explosive, causing the contents to ignite and burn out. This process causes the casing to crack 

open, but crucially, avoids detonation. Although low-order deflagration is still a kinetic process, 

it has greatly reduced effects on the surrounding environment (such as underwater noise) 

compared to those created during a clearance by high-order detonation.  

 Recent UXO clearance campaigns for Scottish offshore wind farm projects have had success 

with low-order deflagration. For example, in 2023, the Moray West OWF successfully cleared 

81 UXOs using deflagration, without the need of high order clearance techniques. This method 

has been the primary clearance technique for recent projects, as it results in significantly lower 

underwater noise levels compared to high-order detonations. Based on the successful 

application of low-order detonations in recent Scottish projects and the preference for this 

technique by NatureScot and MD-LOT, it is assumed that low-order detonations will be the 

primary method for UXO clearance for the Proposed Development, unless all other options 

have been exhausted. 

 High order detonation of UXO activities is one of the loudest anthropogenic noise sources that 

occur underwater, with typically much higher source levels than those from piling. High-order 

detonation for UXO clearance is expected to result in mortality, mortal injury, recoverable 

injury, TTS and disturbance to fish and shellfish species, depending on the proximity of the 

individuals to the UXO location and the size of the UXO. Small scale mortality of fish as a result 

of UXO detonation are frequently recorded (Dahl et al., 2020). 

 UXO detonations are considered to have a low likelihood of triggering a population level effect, 

due to the limited temporal footprint that would arise from UXO operations, therefore effects 

are likely to be no greater than those from cumulative piling exposure. Table 4.7 details the 

ranges for mortality or potential mortal injury for all fish groups.
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Table 4.7 Summary of Impact Ranges for UXO Detonation Using the Explosions Lp,pk Noise Criteria 
from Popper et al. (2019) for Species of Fish 

Charge Weight Mortality and Potential Mortal Injury 

234 dB 229 dB 

Low Order Deflagration 

0.25 kg <50m 60m 

High Order Detonation 

25 kg + donor 170 m 290 m 

55 kg + donor 230 m 380 m 

120 kg + donor 300 m 490 m 

240 kg + donor 370 m 620 m 

525 kg + donor 490 m 810 m 

698 kg + donor 530 m 890 m 

750 kg + donor 550 m 910 m 

907 kg + donor 580 m 970 m 

 

Underwater Noise from Other Noise Sources 

 Although impact piling is expected to be the greatest overall noise source during offshore 

construction (Bailey et al., 2014), several other anthropogenic noise sources may be present. 

Each of these has been considered below, and the potential impacts on fish and shellfish 

receptors assessed in Section 4.5. It should be noted, that while other activities (such as cable 

laying, pile drilling, rock placement, cable trenching, and vessel movements) will result in 

underwater noise, these have the potential to affect a relatively small area in the immediate 

vicinity of the activities and are therefore inconsequential in the context of the underwater 

noise from piling operations. 

 Table 4.8 provides a summary of the various noise producing sources, aside from impact piling 

and UXO clearance, which are expected to be undertaken during the construction of the 

Proposed Development, O&M where repairs and replacements may be required and similar 

activities during decommissioning.
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Table 4.8 Summary of the Other Noise Sources at the Proposed Development  

Activity Description 

Cable laying  Noise from the cable laying vessel and other associated noise during the 
offshore cable installation. 

Drilling  There is the potential for piles to be installed using drilling depending on  
seabed type of if a pile refuses during impact piling operations. 

Rock placement  May be required on site for installation of offshore cables (cable 
crossings and cable protection) and scour protection around foundation 
structures. 

Trenching  Plough trenching may be required during installation of the offshore 
cables. 

Vessel noise Jack-up barges for piling substructure and WTG installation. Other large 
and medium sized vessels to carry out other construction tasks and 
anchor handling. Other small vessels for crew transport and 
maintenance on site. 

WTG noise Underwater noise from operational wind turbines primarily originates 
from the gearbox and generator and typically exhibits tonal 
characteristics. 

Mooring ‘snapping’ 
noise 

Mooring lines have been described as producing a "snapping" noise 
related to tension release. 

To inform this assessment, consideration has been given to Popper et al. (2014) criteria for 
continuous noise sources. These are provided in  

 Table 4.5. As evident, for the most part, the Popper et al. (2014) criteria are qualitative, being 

provided in terms of relative risk (high, moderate, low) to the animal at various distances from 

the source of noise (near (N), tens of meters), intermediate (I) hundreds of meters, and far (F) 

thousands of meters).  

It should be acknowledged, that there is no direct evidence of mortality or potential mortal injury in 
fish from continuous noise sources. As shown in  

 Table 4.5, the Popper et al. (2014) criteria consider the risk of mortality/mortal injury associated 

with continuous noise sources to be of low risk for Atlantic salmon (Group 2) regardless of 

distance from the source.  

 Regarding behavioural impacts, on fish and shellfish receptors, these are for the most part, only 

anticipated to occur near or at intermediate distances from the source of noise, with low risk 

of behavioural impacts at greater distances (Table 4.5)  

Increases in SSC and Deposition (temporary) 

 Increases in SSC and deposition during construction and decommissioning of the Proposed 

Development has been considered specifically through the following: 

▪ Offshore EIAR, Volume 2, Chapter 7: Marine and Coastal Processes. 

 This report provides the detailed offshore physical environment assessment including project 

specific consideration of sediment plumes and resulting deposition.  
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 During the construction of the Proposed Development, sediment will be disturbed and released 

into the water column. This will give rise to suspended sediment plumes and localised changes 

in bed levels as the material settles out of suspension. In the Aspen Array Area and OTC Corridor 

and surrounding areas, temporary localised increases in SSC and associated sediment 

deposition and smothering are expected from a number of construction activities. The activities 

associated with the Proposed Development which will result in the greatest disturbance of 

seabed sediments are: 

▪ Debris clearance during Pre-lay Grapnel Run (PLGR) operations; 

▪ Pre-lay cable trenching using jetting tools at the seabed; 

▪ OSP foundations and WTG anchor installation using drilling techniques; and,  

▪ Drilling fluid release during horizontal directional drilling (HDD) operations. 

 Table 4.10 presents the worst-case design scenario associated with increases in SSC and 

deposition. Seabed preparation for anchor installation, sandwave clearance for cable 

installation, cable trenching, drilling for anchor foundations and spoil disposal are all predicted 

to result in sediment plumes with temporary localised increases in SSC. Information is provided 

within Offshore EIAR, Volume 2, Chapter 7: Marine and Coastal Processes for the likely SSC and 

resulting deposition from seabed preparation and installation activities along the Proposed 

Development, OTC Corridor, and within the Aspen Array Area has been undertaken to quantify 

the potential footprint of the plumes, their longevity and the concentration of SSC as well as 

the subsequent deposition of plume material on the seabed. 

Seabed Preparation 

 Seabed preparation may be required prior to the installation of infrastructure as part of the 

Proposed Development. This is likely to take the form of sandwave clearance (the removal of 

sections of mobile bedforms) along the OTC Corridor in order to ensure effective cable burial 

below the level of the stable seabed. Based on geophysical survey data, sandwave (with crest 

heights up to 4 m) are observed intermittently across the western part (approximately two-

thirds) of the OTC Corridor (Offshore EIAR, Volume 3, Appendix 7.1: Marine and Coastal 

Processes Technical Report, Section 2.2 and Annex A). 

 The worst-case design scenario for these activities is outlined in Table 4.10. The largest 

sediment volume likely to be removed for sandwave clearance along the OTC Corridor is 

approximately 8,700,000 m3, to be excavated using a Trailer Suction Hopper Dredger (TSHD) 

with an assumed hopper volume of 15,000 m3. The disposal of the dredged sediment back to 

the seabed will take place at a nearby location within the boundaries of the Proposed 

Development. 
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 The evidence base with regards to dredging and elevated levels of SSC is broad and well-

established through a variety of monitoring and numerical modelling studies. Increased SSC is 

expected to be locally very high (in the order of millions of mg/l within several metres of the 

activity) at the disposal location. The effect will be very localised and temporary, occurring only 

whilst the disposal is active over that seabed section. As sediment in the plume is redeposited 

and dispersed both vertically and horizontally with distance and time downstream, SSC is 

expected to reduce to thousands or high hundreds of mg/l within tens to low hundreds of 

metres. The sediment in suspension during disposal is expected to fall out within the order of 

minutes, when deposited near the seabed. 

 Numerical modelling was carried out for the West of Orkney OWF for seabed clearance by TSHD 

(with a hopper volume of 35,000 m3), with 495,000 m3 of sediment to be dredged within the 

offshore Export Cable Corridor (ECC). The West of Orkney offshore ECC is located in an area of 

generally similar hydrodynamic and sedimentary conditions to the western part of the OTC 

Corridor, with comparable water depths, surficial sediments comprised of sand and gravels and 

mean spring peak current speeds of between 0.5 m/s and 1.0 m/s (Offshore Wind Power 

Limited, 2023). Evidence from this location can therefore be used with relative confidence as 

an analogue for sandwave clearance works along the OTC Corridor. The results of the model 

can be summarised as follows: 

▪ Maximum increases in SSC occurs in relation to disposal events within the identified disposal 

area as well as dredging activities towards the landfall and coast. The modelled maximum 

SSC across the model domain at any given time was up to 800 mg/l, although this is short-

lived and localised, with these concentrations occurring during and immediately following 

the works; 

▪ Sediment plumes extend up to approximately 8 km, with little variation in the plume extent 

between spring and neap tides. The maximum extent is observed closer to the coast, where 

flow speeds are marginally faster compared to more offshore locations, and the largest SSC 

magnitudes also occur closer to the coast due to both the shallower water depths and 

higher resolution model mesh; and 

▪ SSC will return to levels consistent with naturally variable background concentrations within 

several tidal cycles.
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Cable Installation 

 The evidence base indicates that cable burial operations result in a localised and temporary re-

suspension and subsequent settling of sediments (Business Enterprise and Regulatory Reform 

(BERR), 2008). The exact nature of this disturbance will be determined by the soil conditions, 

the installed cable length, burial depth, burial method and hydrodynamic conditions at the time 

of installation activities. SSC monitoring during cable laying operations has been undertaken at 

Nysted Wind Farm for jetting operations, with surficial sediments within the site composed of 

sands and silt, approximately 0.5 m to 3 m in thickness, and tidal currents less than 0.2 m/s3 

(Maar et al., 2009). SSC was recorded at a distance of 200 m with mean and maximum vales of 

2 mg/l and 18 mg/l, respectively (ABPmer et al., 2007; BERR, 2008).  

 Numerical modelling was carried out for the Muir Mhòr OWF for the installation of both inter-

array cables (located approximately 19 km to the southwest of the Aspen Array Area and export 

cables (which cross the OTC Corridor). Given the close proximity, similarity in environmental 

conditions and comparable scale of works, the numerical model results for the Muir Mhòr OWF 

are considered to provide an appropriate analogue for cable installation at the Proposed 

Development. Jetting was simulated continuously over a period of 15 days, followed by a 15-

day period with no releases, for the inter-array cables and 30 days for the export cables (Muir 

Mhòr, 2024a; 2024b; 2024c). 

 For IACs and Inter-link Cables: 

▪ Increases of SSC of up to 200 mg/l are observed immediately next to and during active 

works. Elevated SSC decreases over time, with increases above 20 mg/l observed only for 

1% of the model simulation period, and elevated concentrations are shown to rapidly 

reduce immediately following the cessation of activity;  

▪ Larger SSC increases (of over 5 mg/l) typically only occur within the Aspen Array Area, with 

increases of less than 5 mg/l (comparable to background variations) extending up to 20 km 

to the south-west; 

▪ Sediment deposition of approximately 10 mm is predicted within the Aspen Array Area, with 

increases of up to 10 cm occurring within discrete locations. Bed level changes do not 

exceed 4 mm outside of the array area. Sediment deposition of up to 3 mm may extend up 

to 15 km to the south-west; and 

 For the OTCs: 

▪ The greatest increases in SSC are predicted to occur towards landfall, however this is a 

model artefact resulting from the smaller model grid sizes close to the coast, and these 

results are therefore considered to be highly conservative; 

 
3 Nysted Wind farm shows the same surficial sediment characteristics as the Proposed Development. 
Furthermore, the low tidal currents (< 0.2 m/s) at Nysted Wind Farm are similar to the neap tides current 
occurring within the Aspen Array Area. 
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▪ Maximum increases in SSC are predicted to occur within the OTC Corridor and immediately 

adjacent to and during the jetting activities, with maximum increases less than 40 mg/l 

(excluding the landfall). Increases of over 20 mg/l are only experienced for 1% of the model 

simulation period, with values greater than 0.5 mg/l observed only over 20% of the 

simulation period and rapid reduction in elevated concentrations occurring immediately 

following the cessation of activity; 

▪ Increases in SSC greater than 0.5 mg/l typically do not extend further than 8 km towards the 

north and 20 km towards the south (being indicative of the dominant southward flow); and 

▪ Sediment deposition is typically predicted between 4 mm and 6 mm within the offshore 

cable corridor, with maximum increases of up to 10 mm occurring in discrete locations along 

the route. Outside of the cable corridor deposited sediment thicknesses of up to 2 mm 

(equivalent to a grain of very coarse sand) may occur up to 10 km away, generally towards 

the south. 

 To note, re-suspension of deposited sediment was not predicted within the model. This enables 

the prediction of the worst-case scenario for sediment deposition. In reality, re-working by the 

wave and tide regime will act to redistribute settled sediment, particularly within the more 

mobile areas of the OTC Corridor. 

 The PSA show the same mean fraction of sand (82% ± 2%) between the Proposed Development 

and Muir Mhòr OWF (Muir Mhòr, 2024c and Volume 3, Appendix 7.1: Marine and Coastal 

Processes Technical Report). The proportion of fines is greater at the Proposed Development 

than at Muir Mhòr OWF (18% and 4% respectively), which means that the increase of SSC will 

extend further downstream during cable installation at the Proposed Development.  However, 

due a greater proportion of gravel at Muir Mhòr OWF than at the Proposed Development (14 

% and 1.5% respectively), the results of sediment deposition at Muir Mhòr OWF will be more 

conservative than within the Proposed Development. 

 Results of empirical modelling are available for the Cenos OWF, the export cable of which 

crosses the OTC Corridor and interacts with the Southern Trench MPA. These results are 

considered to provide further evidence relevant to the Proposed Development, given the 

comparable scale of works and close proximity. The results (Cenos Offshore Windfarm Limited, 

2024) demonstrated that: 

▪ Medium to coarse sands and gravels are likely to result in a temporally and spatially limited 

plume of elevated SSC. SSC will be locally elevated up to tens or hundreds of thousands of 

mg/l, but this will be present only for a very short period of time (in the order to seconds or 

tens of seconds) before material resettles to the seabed. Changes in SSC and resulting 

deposition will be spatially limited to within 25 m (for gravels) to a few hundred metres (for 

coarser sands) downstream of the cable activities; 

▪ Finer materials will be advected away from the release location by the prevailing tidal 

currents, with high initial concentrations subject to rapid dispersion both laterally and 

vertically. Concentrations are expected to reduce to tens of mg/l within hundreds to a few 

thousands of metres of the point of release; and 
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▪ The volumes of sediment being displaced and deposited locally are relatively limited, which 

also limits the thickness and extent of resulting sediment deposition. Coarser sediments 

(sands and gravels) will have a smaller area and extent of deposition (although 

correspondingly higher average thickness), with fine material distributed much more 

widely, becoming so dispersed that it is unlikely to settle in measurable thickness locally. 

Foundation and Anchor Installation 

 Piled anchors will be installed into the seabed using standard piling techniques. In some 

locations, the particular geology may present some obstacle to piling, in which case, some or 

all of the seabed material might be drilled within the pile footprint to assist in the piling process.  

 The impact of drilling operations mainly relates to the release of drilling spoil at or above the 

water surface (982 m3 of drill arisings per anchor) which will put sediment into suspension and 

the subsequent redeposition of that material to the seabed. The nature of the disturbance will 

be determined by the rate and total volume of material to be drilled, the seabed and sub-

bottom material type, and the drilling method (affecting the texture and grain size distribution 

of the drill spoil). As outlined in Table 4.10, the maximum total volume of drill arisings is 424,224 

m2 for an array of 72 floating WTGs using piled anchors. 

 The evidence base does not presently include many measurements of SSC resulting from 

drilling operations for monopile or pin-pile installation. This is due to the relatively small 

number of occasions that such works have been necessary. Numerical modelling for the Muir 

Mhòr OWF simulated the drilling of three anchors over 30 days, with a single release location 

and 754 m3 of drill arisings per pile. The results predicted an increase of SSC of no more than 5 

mg/l at the immediate location of the active works, with increases of generally less than 2 mg/l 

extending up to 12 km toward the southwest. Sediment remained in suspension at this low 

level throughout the model period of 30 days due to the continual supply of suspended 

sediment throughout the model simulation and is expected to reduce further once drilling has 

been completed. Bed level changes range between approximately 1 mm to 2 mm adjacent to 

the drilling location, with increases up to 1 mm occurring up to 10 km away (Muir Mhòr 2024a).  

HDD Operations 

 The OTC ducts at Landfall will be installed underneath the intertidal area using trenchless 

techniques, such as HDD. HDD is a trenchless method for installing underground pipelines, 

cables, and conduits. The works involve drilling a pilot hole along a predetermined path, 

enlarging the hole through reaming, and then pulling the cable through the enlarged hole. 

Further detail on HDD techniques is provided in Offshore EIAR, Volume 1, Chapter 3: Project 

Description. 

 The drilling activity utilises a viscous drilling fluid which consists of a mixture of water and 

bentonite, a non-toxic, naturally occurring clay mineral. The release of drilling fluid and drill 

cuttings from HDD operations will result in a plume of elevated SSC. The drilling fluid has an 

overall density and viscosity similar to seawater and so is expected to behave in a similar 

manner. As detailed in Table 4.10, up to 2,435m3 of drilling fluids could be released from HDD 

operations. Management measures to minimise the likelihood of unplanned release of drilling 

fluid will be set out in the Final Environmental Management Plan (Final EMP). 
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 These works are comparable to those modelled for the Muir Mhòr OWF, with bentonite release 

modelled over a one-hour period at the landfall location at Peterhead, approximately 50 km 

north of the Landfall for the Proposed Development. An increase in SSC greater than 0.5 mg/l 

was predicted to be confined to an area extending approximately 6 km north and south of the 

release point, with the furthest extent to the south on the flood tide and north on the ebb tide. 

Plume concentrations were predicted to remain below 10 mg/l following the release and are 

short-lived, persisting for less than 4 hours. The associated deposition was up to 0.2 mm thick 

(equivalent to a grain of fine sand) and located within several hundreds of meters of the exit 

pit (Muir Mhòr, 2024a). 

Direct and Indirect Seabed Disturbance Leading to Release of Sediment Contaminants 

(temporary) 

 Construction and decommissioning activities will disturb sediments resulting in suspension. 

While in suspension, there is the potential for sediment-bound contaminants, such as metals, 

hydrocarbons and organic pollutants, to be released into the water column. There will be 

varying levels of impact dependent on the pollutants involved, however as sediment-bound 

contaminants would be expected to be dispersed quickly in the subtidal environment, the 

duration of impact is predicted to be short-term. 

 Details of the existing baseline contaminant levels within sediments throughout the Project 

Development area are provided in Offshore EIAR, Volume 2, Chapter 8: Marine Water and 

Sediment Quality, with the results of project-specific sampling and contaminant analysis 

compared to Marine Scotland Action Levels (AL) presented in Figure 8.8 and Figure 8.9 of 

Offshore EIAR, Volume 2, Chapter 8: Marine Water and Sediment Quality. The contamination 

levels across the Proposed Development are generally very low with Arsenic the only metal 

contaminant recording concentrations slightly above the Cefas AL 1. Polybrominated Diphenyl 

Ethers (PBDE) 209 was found in detectable concentrations and exceeded the Background 

Assessment Criteria (BAC) (0.02 ng/g) at all stations across both the OTC Corridor and Aspen 

Array Area. ECR_11 was the only station to exceed the Canadian Federal Environmental Quality 

Guidelines (FEQG) threshold value (47.5 ng/g). ECR_04 was the only site to exceed the 

Threshold Effect Limit (TEL) for Polycyclic Aromatic Hydrocarbons (PAHs) noting that the 

Probable Effect Level (PEL) was not exceeded in any instance. As such, none of the 

contaminants are present in concentrations that would significantly affect the surrounding 

environment. Therefore, regardless of the sediment disturbance volume, the low levels of 

contaminants limit their potential to become released following sediment disturbance. 

Electromagnetic Field Effects Arising From Cables (permanent) 

 EMFs are produced as a result of the electricity passing through the cables (IAC and OTCs). EMF 

can propagate through the surrounding sediments and water column which may indirectly 

result in an adverse effect on features of nearby designated sites. Diadromous species are 

known to be sensitive to electromagnetic forces and may be receptive to man-made EMFs that 

fall within the range of natural geomagnetic fields, which range from around 25 to 65 

microteslas globally (Hutchison et al, 2020). 
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 Floating WTGs use dynamic IACs which are primarily suspended within the water column, 

instead of along the sea floor unlike IACs associated with traditional fixed foundation WTG. 

Some portion of the dynamic IACs will be on the seafloor and will be buried but the majority 

will be in the water column. While field studies have been conducted on the impacts of EMF 

from cables buried in the seabed (Hutchison et al., 2018), there is a limited understanding of 

the EMF impacts of cables suspended in the water column as will be the configuration for 

floating WTG IACs (Gill and Desender, 2020; Hutchison et al., 2020). The suspended cables do 

not have a buffer of sediment between the cables and marine organisms in the water column, 

as there would be if the cables were buried in the seabed (Farr et al., 2021). This proximity of 

the suspended cables to pelagic species means there is potential for greater interaction and 

impact compared to buried cables.  

 EMFs monitored around subsea electricity cables have been shown to attenuate exponentially 

vertically and horizontally away from the cables, with the magnetic field generated by the 

cables typically having reached zero within 10 m of the cable (reviewed by Tricas and Gill, 2011). 

More work needs to be done to understand attraction or aversion impacts of suspended cables, 

particularly on pelagic species (Taormina et al., 2018).  

Impacts Scoped out of the Assessment  

 The impacts scoped out of the fish and shellfish ecology assessment with associated 

justifications is provided in Table 4.9.  

Table 4.9 Impacts Scoped out from the Fish and Shellfish Ecology Assessment 

Impact Scoped Out Justification 

Increased risk of introduction and/or spread of 
INNS from vessel traffic. 
(Construction, O&M and decommissioning 
phases) 

Atlantic salmon development stages which 
require a specific substrate (which could 
potentially be colonised, disturbed or lost) are 
within the freshwater part of the river systems, 
which is well outside of any area that could be 
impacted by the Proposed Development. In 
addition, there is no pathway of effect for 
impacts whilst Atlantic salmon (with or without 
associated freshwater pearl mussel glochidia) 
are migrating to or from their natal rivers. 

Colonisation of hard substrates 
(O&M phase) 

Habitat loss and disturbance 
(Construction, O&M and decommissioning 
phases) 

Accidental pollution events during the 
construction, O&M and decommissioning phase 
resulting in potential effects on fish and shellfish 
receptors. 
(Construction, O&M and decommissioning 
phases) 

The magnitude of an accidental spill will be 
limited by the size of chemical or oil inventory 
on construction/O&M vessels, other ancillary 
plant or infrastructure such as WTGs. In 
addition, released contaminants would be 
subject to rapid dilution, weathering and 
dispersion and would be unlikely to persist in 
the marine environment. The likelihood of an 
incident will also be reduced by implementation 
of an Outline Environmental Management Plan 
(Outline EMP). As such this impact has been 
scoped out of this assessment. 
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Parameters Assessed 

 In order to allow flexibility in potential design options a design envelope approach to the impact 

assessment (also known as a ‘Rochdale Envelope’) has been used to inform the assessment, 

see Offshore EIAR, Volume 1, Chapter 3:  Project Description.  

 The worst-case design scenario for fish and shellfish ecology is shown in Table 4.10. This 

identifies the ‘worst-case design scenario’ for each impact.  This represents the ‘worst case’ or 

highest level of potential impact from the Proposed Development to fish and shellfish ecology 

and all other design options would either be subject to equivalent or lesser impact.
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Table 4.10 Worst-case Design Scenario Assessed for Fish and Shellfish Ecology 

Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

Construction 

Mortality, injury, behavioural impacts and 
auditory masking arising from noise and 
vibration (temporary) 

WTG Anchor Piles 

▪ Maximum of 72 WTGs on Floating Foundations 
▪ Maximum six anchors per WTG, 324 anchors for 72 WTGs.  
▪ Maximum anchor pile diameter shall be 4.5 m. 
▪ Maximum hammer energy of 2,400 kJ. 
▪ Maximum 3.33 hours piling per anchor. 
▪ Maximum number of piles installed in 24 hours: 4 
▪ More likely number of piles installed in 24 hours (temporal 

WCS): 2 
▪ Maximum number of piling days: 162 (assumes two piled 

anchors per day). 
▪ Soft start, 30 minutes minimum, and ramp up and/or 

deterrence devices i.e. Pinger, Seal Scarer 
 
OSP Pin Piles: 

▪ Maximum of 3 OSPs on Fixed Foundations  
▪ The maximum pin pile diameter shall be 3 m  
▪ Maximum of 4 Jacket Legs per OSP Foundation  
▪ Maximum of 2 Piles per Leg 
▪ Maximum of 8 Piles per OSP Foundation 
▪ Maximum of 24 Piles for three OSP(s)  
▪ Maximum hammer energy of 3,500 kJ. 
▪ Maximum 6 hours piling per pin pile. 
▪ Maximum number of piles installed in 24 hours: 4 
▪ Maximum number of piling days: 12 (assumes two piled 

anchors per day. 

The Proposed Development involves the 
installation of a number of steel semi-submersible 
WTGs with multiple anchors per WTG, totaling 324 
piles to be driven into the seabed. With a 
maximum hammer energy of 2,400 kJ for WTG 
anchors and 3500 kJ for OSP(s) coupled and a 
maximum of four piles installed per day, the 
intensity and duration of noise and vibration 
generated during piling operations are 
considerable. This approach is precautionary and as 
a result, the outcome of the assessment is 
therefore inherently precautionary. 
 
The temporal worst-case of 162 days has been 
used as the scenario with the largest number of 
piling days. 
 
The spatial worst-case scenario is sequential piling 
at North piling location which provides the largest 
impact area for both auditory injury and 
disturbance. 
 
A detailed UXO survey will be completed prior to 
construction to determine the maximum size of the 
UXO, number of UXOs to be cleared and clearance 
method, representing the maximum potential for 
direct and indirect effects. UXO clearance will be 
licensed under a separate marine licence but is 
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Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

▪ Soft start, 30 minutes minimum, and ramp up and/or 
deterrence devices i.e. Pinger, Seal Scarer 

 
UXO 

The primary method will be low-order deflagration, but high-
order clearance is assessed as the realistic worst-case 
scenario. 
 
UXO clearance is anticipated to take place from the year prior 
to offshore construction commencing, potentially running 
concurrently with the first year of offshore construction. 

included in this Offshore EIAR chapter impact 
assessment for illustrative purposes. 

Increases in SSC and deposition 
(temporary) 

Total SSC Released During Construction = 11,040,639m3 

Seabed Preparation for cable Installation = 9,300,000 m3  

IACs and Inter-link Cables: 
▪ No seabed prep required for IACs and Inter-link Cables. 
 
Offshore Transmission Cables (OTCs): 
▪ Seabed preparation method = Trailer Suction Hopper 

Dredger (TSHD);  
▪ Total length of up to four OTCs = 620,000 m, up to 25% of 

which require seabed preparation; Total length of OTCs 
requiring seabed preparation = 155,000 m 

▪ Maximum width of dredge corridor = 30 m 
▪ Maximum area of seabed affected = 155,000 m (length) x 

30 m (width) = 4,650,000 m2  
▪ Maximum depth (m) = 4 m 
▪ Maximum volume of disturbed sediment = 4,650,000 m2 

(area affected) x 4 m (depth) = 18,600,000 m3 

Defining the worst-case design scenario for 
sediment disturbance activities is highly complex as 
the disturbance will be temporally and spatially 
variable (depending upon the metocean conditions 
at the time). For sediment plumes, the worst-case 
design scenario is intended to be representative in 
terms of peak concentration, plume extent and 
plume duration but will not correspond to a single 
sediment disturbance activity. 
 
The same applies for sediment deposition at the 
bed, where the worst-case design scenario is a 
representation of maximum deposit thickness, 
maximum footprint extent or likely duration. 
 
Seabed Preparation for Cable Installation  
Seabed preparation, otherwise referred to as 
sandwave clearance, may be required in order to 
ensure effective cable burial below the level of the 
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Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

▪ Percentage reduction to account for triangle shape = 0.5% 
▪ Actual maximum volume of disturbed sediment = 

9,300,000 m2 
▪ TSHD volume = 15,000 m2 
 
Cable Installation = 1,591,200 m3 

IACs and Inter-link Cables: 
▪ Cable installation method = jetting; 
▪ Total length = 500,000 m; 
▪ Total length on seabed = 264,000 m 
▪ Trench width = 3 m, depth = 2 m; 
▪ Assuming 30% of material is forced into suspension in the 

water column; 
▪ Maximum sediment disturbance volume = 264,000 m 

(length) x 3 m (width) x 2 m (depth) = 1,584,000 m3 x 0.3 
(spill factor) = 475,200 m3; and 

▪ Assumed maximum installation rate of up to 400 m/hr. 
 
OTCs: 
▪ Cable installation method = jetting; 
▪ Total length of four cables = 620,000 m; 
▪ Trench width = 3 m, depth = 2 m; 
▪ Assuming 30% of material is forced into suspension in the 

water column; 
▪ Maximum sediment disturbance volume = 620,000 m 

(length) x 3 m (width) x 2 m (depth) = 3,720,000 m3 x 0.3 
(spill factor) = 1,116,000 m3; and 

▪ Assumed maximum installation rate of up to 400 m/hr. 
 
Foundation Drilling = 139,004 m3 
WTGs: 

stable bed. The use of a TSHD is considered to be 
the realistic worst-case option for sediment 
disturbance. The requirements for sandwave 
clearance have been conservatively assumed as 
50% of the route, based on the identification of 
sandwave features from the geophysical survey 
(Gardline, 2025). 
 
Foundation Drilling 
For foundation options that require installation of 
piles (i.e. piled anchors and OSPs with jacket 
foundations), there is a potential requirement for 
drilling when pile driving is not possible. Although 
the volumes of material released via drilling are 
less than that from seabed preparation and cable 
installation, drilling has the potential to release 
larger volumes of relatively finer sediment as a 
result of the site geology. The worst-case 
assumption of the drill arisings being released at 
the surface of the water column has been adopted. 
 
Cable Installation  
Cable installation may require some combination of 
(e.g.) jetting, ploughing, trenching and/or cutting 
type installation techniques. The realistic worst 
case option is represented by the use of jetting, 
having the greatest potential to fluidise and 
suspend fine sediments and therefore resulting in 
the largest amount of displaced sediment in the 
water column, with a realistic trenching rate of 
125 m/hr and maximum trenching rate of 400 m/hr 
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Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

▪ Maximum number of WTGs = 72; 
▪ Maximum number of anchors per WTG = 6 
▪ Average maximum number of anchors per WTG = 4.5 
▪ Maximum number of anchors for 72 WTG = 324 
▪ Maximum diameter of piled anchor piles = 4.5 m; 
▪ Surface area of anchor pile end = π x 2.25 m (radius)^2 = 

15.90 m2 
▪ Maximum drill depth = 50 m 
▪ Drill arising per pile = 15.90 m2 (surface area) x 50 m 

(depth) = 795.22 m3 
▪ Percentage of locations requiring drilling = 50%  
▪ Maximum volumes of drill arisings for 72 WTGs = (324 

(max. no. anchors for 72 WTG) x 795.22 m3 (drill arisings 
per pile)) x 0.5 = 128,825.24 m3 

 
OSPs: 
▪ Maximum number of OSPs = 3 
▪ Maximum number of jacket legs per OSP = 4 
▪ Maximum number of piles per jacket leg = 2 
▪ Maximum pile diameter (m) = 3 m 
▪ Maximum number of piles per OSP = 8 
▪ Maximum number of piles for 3 OSP = 24 
▪ Maximum drill depth = 60 m 
▪ Maximum volume of drill arising per pile = (π x 1.5 m 

(radius)^2) x 60 m (depth) = 424.12 m3 
▪ Maximum volume of drill arisings per OSP = 424.12 m3 

(arisings per pile) x 2 (max. no. piles per jacket leg) x 4 
(max. no. jacket legs per OSP) = 3,392.92 m3 

▪ Maximum volumes drill arising for 3 OSPs (m3) = 3,392.92 
m3 (volume) x 3 (no. OSPs) = 10,178.76 m3 

 

representing the highest release rate of sediments, 
and operating in locations with the largest 
contribution of fine sediments. 
 
HDD Operations  
Although other trenchless installation technologies 
are available, HDD is the established solution and 
has therefore been identified as the realistic worst-
case option. HDD operations are expected to have 
localised and short-term effects on SSC 
concentrations due to the potential release of 
bentonite (or drilling mud) during the punch-out in 
the nearshore exit pit. 
 
UXO 
A detailed UXO survey will be completed prior to 
construction to determine the maximum size of the 
UXO, number of UXOs to be cleared and clearance 
method, representing the maximum potential for 
direct and indirect effects. UXO clearance will be 
licensed under a separate Marine Licence but is 
included in this Offshore EIAR chapter impact 
assessment for illustrative purposes. 
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Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

HDD Drilling Fluid Release = 2,435m3 
▪ Number of offshore HDD conduits and exit pits = 4 
▪ Maximum length = 1,600 m 
▪ Maximum diameter = 1.52 m 
▪ Maximum radius squared = 0.58 m 
▪ Assumed percentage of cut volume released = 20% 
▪ Maximum volume of drilling fluid loss per conduit = 25 m3 
▪ Total drilling fluid loss = 4 (no. conduits and pits) x 25 m3 

(volume) = 100 m3 
▪ Maximum cut volume per conduit = π x (0.58 m x 1,600 m 

(max. length)) = 2,919 m3 
▪ Release per conduit = 20% of 2,919 m3 = 583.8 m3 
▪ Total sediment lost = 583.8 m3 (release per conduit) = 

2,334.91 m3 
▪ Total drilling fluid release = 100 m3 (fluid loss) + 2,334.91 

m3 (sediment loss) = 2,434.91 m3 
 
HDD Exit Pits = 8,000 m3 
▪ Maximum offshore HDD exit pits = 4 
▪ Subtidal location 
▪ Distance offshore = 500 m 
▪ Location approx. water depths (@LAT) = 10 m 
▪ Excavated depth = 5 m 
▪ Length = 20 m 
▪ Width = 20 m 
▪ Evacuated total area = 400 m2 
▪ Maximum volume per exit pit = 2,000 m3 
▪ Total maximum volume for 4 exit pits = 2,000 m3 (max. 

volume per exit pit) x 4 = 8,000 m3 
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Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

Un-exploded Ordinance (UXO) 

The primary method will be low-order deflagration, but high-
order clearance is assessed as the realistic worst-case design 
scenario. 
 
UXO clearance is anticipated to take place from the year prior 
to offshore construction commencing, potentially running 
concurrently with the first year of offshore construction. 

Direct and indirect seabed disturbance 
leading to release of sediment 
contaminants (permanent) 

The worst-case design scenario for the volumes of seabed 
sediment disturbance are presented in Impact 2 (increases in 
SSC and sediment deposition). 
 
Total SSC Released During Construction = 11,041,038.90 m3 

This scenario represents the maximum total seabed 
disturbance and therefore the maximum amount 
of contaminated sediment that may be released 
into the water column during construction 
activities. The re-suspension of sediments is 
dependent on sediment disturbance and therefore 
is linked to the volumes presented in Impact 2. 

O&M  

EMF effects arising from cables 
(permanent) 

Total Length of Cables: 920 km 
 
IACs and Inter-link Cables = 300 km 
 
▪ 79 IACs, operating at up to 60-72.5 kV 
▪ Unburied, or trenched at 1 m burial 
 
OTC = 620 km 
 
▪ Four OTCs, operating at up to 275 kV;  
▪ Target cable burial depth = 1 m   
 

The worst-case design scenario is associated with 
the use of 72 WTGs as this results in the greatest 
length of intra-array and OTCs. This considered 
length of cable network exposes the largest area 
and number of fish to potential EMF impacts. 
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Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

The operational lifetime of the Project is approximately 35 
years. 

Increases in SSC and deposition 
(temporary) 

 The worst-case design scenario for this impact is represented 
in the construction impact for ‘Increases in SSC and 
deposition’. 

In the absence of known O&M works, the impact 
on fish and shellfish ecology is expected to be less 
than that during the construction phase. Therefore, 
the parameters defined as worst-case scenarios for 
construction also apply to O&M. 

Decommissioning  

Mortality, injury (TTS), and behavioural 
impacts and auditory masking arising from 
noise and vibration (temporary) 

The worst-case design scenario for this impact is represented 
in the construction impact for ‘mortality, injury, behavioural 
impacts and auditory masking arising from noise and 
vibration’. 

In the absence of detailed information regarding 
decommissioning works, the impact on fish and 
shellfish ecology is expected to be similar to or 
potentially less than that during the construction 
phase. Therefore, the parameters defined as worst-
case scenarios for construction also apply to 
decommissioning. 

Increases in SSC and deposition 
(temporary) 

The worst-case design scenario for this impact is represented 
in Impact 2 (increases in SSC and sediment deposition). 
 
▪ Cutting of piles associated with the jacket OSP foundations 

at 1-2 m below seabed level and removal of jacket.  
▪ Recovery and removal of anchors.  
 
Decommissioning of IAC and Inter-link Cables and OTCs:   

▪ IAC and Inter-link Cable length up to 300 km;  
▪ OTCs length up to 620 km;  
▪ Decommissioning using jetting; and  
▪ Recovery and removal of tethers/clump weights.  
 
Decommissioning activities lasting approximately three years.  

The worst-case design scenario assumes complete 
removal of all infrastructure, including cables and 
cable protection where it is possible and 
appropriate to do so. If any infrastructure is left in 
situ this will result in reduced levels of suspended 
sediment and associated deposition during 
decommissioning.   
 
When removing foundations, the greatest 
disturbance will be associated with the Aspen Array 
Area due to it containing the greatest amount of 
Project infrastructure, including anchors, intra-
array Cables and OSP(s).    
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Potential Impact and Effect  Proposed Development Design Envelope Parameters  Justification  

Direct and indirect seabed disturbance 
leading to release of sediment 
contaminants (permanent) 

The worst-case design scenario for the volumes of seabed 
sediment disturbance is presented in the construction impact 
for ‘suspended sediment/deposition’. 
 
Total SSC Released During Construction = 11,041,038.90 m3 

In the absence of detailed information regarding 
decommissioning works, the impact on fish and 
shellfish ecology is expected to be similar to or 
potentially less than that during the construction 
phase. Therefore, the parameters defined as worst-
case scenarios for construction also apply to 
decommissioning. 
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Fish and Shellfish Ecology Commitments 

 As part of the Proposed Development design process, several designed in avoidance measures 

have been included to reduce the potential for impacts on environmental receptors, these are 

provided in Offshore EIAR, Volume 3, Appendix 4.2: Commitments Register. These measures 

are considered inherently part of the design of the Proposed Development and include 

avoidance, best practice and design commitments. They have therefore been considered in the 

assessment (i.e., the determination of magnitude and therefore significance assumes 

implementation of these measures). These measures are considered standard industry practice 

for this type of development. The mitigation relevant to fish and shellfish receptors is presented 

in Table 4.11 below. 

 In accordance with the Institute of Environmental Management and Assessment Guide to 

Delivering Quality Development (IEMA, 2016), embedded commitments are described using 

the following classifications:  

▪ Primary mitigation - embedded commitments built into the design of the Proposed 

Development which reduce or avoid the likelihood or magnitude of an adverse 

environmental effect, including location or design (also referred to embedded mitigation);  

▪ Secondary mitigation - additional measures implemented to further reduce environmental 

effects to ‘not significant’ levels (where appropriate) and do not form part of the 

fundamental design of the Proposed Development; and  

▪ Tertiary mitigation - commitments that are required through standard practice or to meet 

legislative requirements and are independent of any EIA assessment.  

Table 4.11 Embedded Commitment Measures of Relevance for Fish and Shellfish Receptors 

Code Commitment Commitment Type 
(Primary, Secondary 
or Tertiary) 

How Commitment is 
Secured  

C-OFF-03 Scour protection or other 
appropriate mitigation to be 
employed around seabed 
infrastructure where there is the 
potential risk for significant scour 
to develop. 

Tertiary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details to 
be provided in the CaP 
and CMS. 

C-OFF-04 Development of and adherence to 
a CaP. The CaP will confirm planned 
cable routing, burial and any 
additional protection and will set 
out methods for post-installation 
cable monitoring as secured by 
Section 36 and Marine Licence 
consent conditions. The CaP will be 
supported by a CBRA, which will 
outline how external cable 
protection shall be used and/or 
reduced, should cable burial be 
practicable. 

Tertiary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details to 
be provided in the 
CaP. 
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Code Commitment Commitment Type 
(Primary, Secondary 
or Tertiary) 

How Commitment is 
Secured  

C-OFF-07 Development of a CMS which 
details the proposed construction 
methods and roles and 
responsibilities of parties involved. 

Tertiary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details to 
be provided in the 
CMS. 

C-OFF-10 Development of and adherence to 
an Outline EMP as part of the 
consent application and finalisation 
of the EMP prior to the start of 
construction. This will set out 
mitigation measures and 
procedures relevant to 
environmental management, 
including but not limited to 
chemical usage, invasive and non-
native species, pollution prevention 
and waste management. 

Tertiary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details to 
be provided in the 
Final EMP. 

C-OFF-18 Development of and adherence to 
a Piling Strategy (PS) (applicable 
where piling is undertaken). The PS 
will detail the method of pile 
installation and associated noise 
levels. It will describe any 
mitigation measures to be put in 
place (e.g., soft starts and ramp 
ups, use of Acoustic Deterrent 
Devices) during piling to manage 
the effects of Underwater Noise 
(UWN) on sensitive receptors. 

Tertiary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details to 
be provided in the 
Piling Strategy. 

C-OFF-39 Where practicable, cable burial will 
be the preferred means of cable 
protection. Cable burial will be 
informed by the CBRA and detailed 
within the CaP. In areas where 
CBRA deems burial not feasible, 
suitable implementation and 
monitoring of cable protection will 
be employed. 

Primary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details to 
be provided in the 
CaP. 

C-OFF-41 UXO hazards will be avoided where 
practicable and appropriate. If 
avoidance is not possible, decision 
making will relate to removal, with 
detonation considered if avoidance 
or removal is not possible. If 
detonation is required, and where 
practicable and appropriate, low-

Tertiary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details to 
be provided in the 
UXO marine licence 
application. 
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Code Commitment Commitment Type 
(Primary, Secondary 
or Tertiary) 

How Commitment is 
Secured  

order deflagration will be the 
preferred method. Licensing of 
UXO clearance works will be 
subject to a standalone Marine 
Licence (and European Protected 
Species (EPS) licence) application. 
These applications will provide 
details of measures to minimising 
impacts on marine mammals 
where appropriate. 

C-OFF-56 An INNS mitigation plan will be 
developed, which details the 
actions that will be taken to reduce 
the risk of INNS introduction and 
spread, and therefore minimise 
their potential impacts. 

Tertiary Secured through 
Section 36 and/or 
Marine Licence 
conditions. Details 
provided in the 
Offshore EIAR, Volume 
4, Appendix 5: Invasive 
Non Native Species 
Mitigation Plan. 
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4.4 Environmental and Ecological Site Baseline 

 The baseline information for all fish and shellfish species have been considered for the areas of 

the Aspen Array Area, OTC Corridor, intertidal area seawards of Mean High Water Springs 

(MHWS), and the underwater noise Zone of Influence (ZoI) (100 km). This is defined as the 

study area as defined within Offshore EIAR, Volume 2, Chapter 10: Fish and Shellfish Ecology. 

The baseline is informed by site-specific surveys undertaken in support of various OWF projects 

in the vicinity of the Proposed Development as well as wider information from publicly available 

sources (the sources are provided in Offshore EIAR, Volume 3, Appendix 10.1: Fish and Shellfish 

Technical Report). The Applicants’ own site-specific surveys are presented in Table 4.12, survey 

methodology and results are provided in Offshore EIAR, Volume 3, Appendix 9.1: Offshore 

Environmental Baseline Survey Reports. 

Table 4.12 Project Specific Surveys to inform the Fish and Shellfish Ecology Baseline Characterisation 

Survey Type Summary Coverage of the 
Study Area 

eDNA Survey Fish eDNA water sampling was undertaken at 29 stations, 
12 stations within the Aspen Array Area and 17 stations 
within the OTC Corridor. Each eDNA sampling location 
required sampling at three depths: 2 m above seabed, 
mid-water and 2 m below sea surface (Offshore EIAR, 
Volume 3, Appendix 9.1: Offshore Baseline Survey 
Reports). 

Samples taken 
throughout the 
Aspen Array Area 
and OTC 
Corridor. 

Grab Sampling  Sediment sampling was conducted at 71 stations across 
the survey area, 32 stations within the Aspen Array Area 
and 39 stations within the OTC Corridor, with 49 of these 
sediment sampling stations selected for seabed imagery 
investigations. Additionally, four transects, each 50–100 m 
in length, were selected in the field to further explore 
ecological features identified during the review of 
geophysical data (Offshore EIAR, Volume 3, Appendix 9.1: 
Offshore Baseline Survey Reports). 

Samples taken 
throughout the 
Aspen Array Area 
and OTC 
Corridor. 

Seabed Imagery Imagery collected at all of the 49 sampling stations and 
along the additional four transects was analysed to 
determine the presence and distribution of habitats or 
species of conservation interest. Following the NE Atlantic 
Marine Biological Analytical Quality Control (NMBAQC) 
(2022) epifaunal identification protocol, video footage 
was divided into habitat/quality segments, and still images 
were assigned a quality rating. Each video segment and 
image were then assessed for faunal abundance, with taxa 
assigned a SACFOR score per segment or image (Offshore 
EIAR, Volume 3, Appendix 9.1: Offshore Baseline Survey 
Reports). 

Images taken 
throughout the 
Aspen Array Area 
and OTC 
Corridor. 
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Atlantic Salmon 

 Atlantic salmon are of significant biological, conservation and economic importance and are 

designated under Annex III of the Convention on the Conservation of European Wildlife and 

Natural Habitats (the Bern Convention; 1979) and the Conservation of Habitats and Species 

Regulations (2017) as amended4, for freshwater populations. Atlantic salmon are also 

considered within the Scottish Biodiversity List and have been reclassified by the IUCN as 

"Endangered" in the UK with a projected population decline from 50-80% between 2010 and 

2025 (IUCN, 2025).  Atlantic salmon are also a Priority Marine Feature (PMF) in Scottish waters 

(Tyler-Walters et al, 2016). 

 Atlantic salmon are anadromous fish (a specific type of diadromous fish), spawning in 

freshwater and then feeding at sea. They typically spawn in the upper reaches of rivers or 

where suitable and are recorded in multiple rivers both designated as SACs (with Atlantic 

salmon Qualifying Features) and those that are not designated as SACs. Atlantic salmon are 

distributed across Scotland and the UK, with their presence within rivers that discharge into 

the sea along the east coast of Scotland being of interest to the Proposed Development 

(Offshore EIAR, Volume 3, Appendix 10.1: Fish and Shellfish Technical Report). Within the River 

Dee, adults typically spawn between October and December, with the spawning season 

potentially extending to late February in some areas. Once the young Atlantic salmon reach 

two to three years old, they undergo a metamorphosis to adapt to the marine environment, 

after which, in spring (typically from late April to June), results in their migration out to sea 

where they will remain before returning to their natal river, generally after a year, to spawn. 

Many salmon die after spawning, though some return to sea and regain condition to be able to 

spawn again.  

 Atlantic salmon are Qualifying Features of the River Dee SAC which has been screened in for 

assessment. A study investigating the migratory routes of adult Atlantic salmon in Scotland 

observed a general migratory pattern, whereby salmon migrate through the North Sea, travel 

along the coast back to their home river for spawning and then return to the sea for feeding 

and growth (Malcolm et al., 2010). Typically, Atlantic salmon spawning peaks between 

November and December, with adults returning to their natal rivers from June to August, 

(Harvey et al., 2020). Findings from studies indicate that adult salmon tend to stay within the 

upper 10 m of the water column (Holm et al., 2006; Davidsen et al., 2013; Godfrey et al., 2014). 

This behaviour suggests the potential for Atlantic salmon to transit the study area during 

migration. In addition, Atlantic salmon were recorded during the site specific eDNA surveys 

which evidences the presence of Atlantic salmon within the study area during December 2024, 

which is further detailed in Offshore EIAR, Volume 3, Appendix 10.1: Fish and Shellfish Technical 

Report. 

 
4 The Habitats Directive (Council Directive 92/43/EEC) and certain elements of the Wild Birds Directive 
(Directive 2009/147/EC) (known as the Nature Directives) were transposed into domestic law by the 2017 
Regulations. Following the UK’s exit from the EU the Regulations were updated by the Conservation of 
Habitats and Species (Amendment) (EU Exit) Regulations 2019 to reflect that the UK was no longer part of the 
EU. Any references to Natura 2000 in the 2017 Regulations and in guidance now refers to the new national site 
network. 
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 The River Dee SAC is located within the underwater noise ZoI and also the sedimentary ZoI and 

has Atlantic salmon as a Qualifying Feature. The site supports a high-quality Atlantic salmon 

population, but there has been a significant decline in their abundance in recent years (Joint 

Nature Conservation Committee (JNCC), 2015; Sear et al., 2022).  

 The condition of Atlantic salmon at the River Dee SAC is recorded as ‘Favourable (maintained)’ 

(NatureScot, 2025). It should be acknowledged that the last condition assessment for Atlantic 

salmon across this site was carried out in 2015.  

 According to the Scottish salmon and sea trout fisheries provisional statistics 2024 (Scottish 

Government, 2024), the total reported rod catch of Atlantic salmon of the east coast of 

Scotland for 2024 was 40,737 up by 11,874 (41%) from 2023.  

Freshwater Pearl Mussel 

 Freshwater pearl mussel are classified as an endangered species by IUCN that plays a key role 

in aquatic ecosystems and are a species of principal importance for biodiversity conservation 

in Scotland (NatureScot, 2020). They are designated under Appendix III of the Bern Convention, 

The Conservation of Habitats and Species Regulations (2017), Schedule 5 of the Wildlife and 

Countryside Act, and are included on the Scottish Biodiversity List.  

 Freshwater pearl mussel are long-lived filter feeders with a complex life cycle dependent on 

juvenile salmonid fish and are highly sensitive to environmental changes and disturbances such 

a pollution. The only pathway for effect of the Proposed Development on freshwater pearl 

mussel is during the point in their life cycle where freshwater pearl mussel glochidia reside 

within the gills of juvenile salmonids for up to 10 months of the year before dropping off in 

riverine habitat to establish themselves and reach maturity.  

 With consideration of the obligatory host phase of freshwater pearl mussels’ development 

using Atlantic salmon as a carrier, the baseline environment for this species is considered the 

same as the Atlantic salmon as there is no other pathway for effect during any other life phase.  

 The condition of freshwater pearl mussel at the River Dee SAC is recorded as ‘Unfavourable 

Declining’ (NatureScot, 2025). The last condition assessment of this designated site/feature 

was carried out in 2024 (River Dee SAC). 

Screening Outcomes 

 The Screening outcomes are detailed in Table 4.13. One SAC was screened into the assessment, 

the River Dee SAC, for effects during the construction, O&M and decommissioning phases.  

 



  

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 
50 of 89 

 

Table 4.13 Screening Outcomes for Fish and Shellfish Ecology 

Designated Site Relevant Qualifying Feature Project Phases 

Construction O&M Decommissioning 

Fish and Shellfish Ecology 

River Dee SAC Atlantic salmon (Salmo salara); and  
Freshwater pearl mussel 
(Margaritifera margaritifera) 

Mortality, injury (TTS), and behavioural impacts and 
auditory masking arising from noise and vibration 
(temporary);  
 
Suspended sediment/deposition (temporary);  
 
Direct and indirect seabed disturbance leading to 
release of sediment contaminants (permanent). 

Mortality, injury (TTS), and behavioural impacts and 
auditory masking arising from noise and vibration 
(temporary);  
 
Suspended sediment/deposition (temporary);  
 
Direct and indirect seabed disturbance leading to 
release of sediment contaminants (permanent);  
 
EMF effects arising from cables (permanent).  

Mortality, injury (TTS), and behavioural impacts and 
auditory masking arising from noise and vibration 
(temporary); 
  
Suspended sediment/deposition (temporary);  
 
Direct and indirect seabed disturbance leading to 
release of sediment contaminants (permanent).  
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In-combination Projects and Plans Screening 

 The Habitat Regulations require the Competent Authority to carry out an AA in respect of the 

likely significant effects of a plan or project alone and in-combination with other plans or 

projects.  

 The following approach has been applied to the Proposed Development when identifying plans 

and projects for in-combination. This approach has been derived from relevant advice, 

including the UK Planning Inspectorate’s “Nationally Significant Infrastructure Projects: Advice 

on Habitats Regulations Assessments” (2024)5, which is considered relevant to any major 

project. The advice addresses which plans and projects to include, with the addition of relevant 

projects in operation: 

▪ Projects in operation (that do not form part of the baseline or have an ongoing impact); 

▪ Projects that are under construction; 

▪ Permitted application(s) not yet implemented; 

▪ Submitted application(s) not yet determined; 

▪ All refusals subject to appeal procedures not yet determined; 

▪ Projects on the MD-LOT database programme of projects; and 

▪ Projects identified in the relevant development plan (and emerging development plans - 

with appropriate weight being given as they move closer to adoption) recognising that much 

information on any relevant proposals will be limited and the degree of uncertainty which 

may be present. 

 A full review of plans and projects was conducted for the Proposed Development and compiled 

within a long list (Offshore EIAR, Volume 3, Appendix 4.1: Offshore Cumulative Effects). 

Screening distances were then applied to the long list to consider the distance from the 

Proposed Development and the distance to the River Dee SAC.   

 For potential effects on fish and shellfish, projects and plans were screened into the assessment 

based on a screening range as follows: 

▪ Underwater noise – Projects or plans that create sufficient underwater noise (such as 

impact piling), that are within the underwater noise ZoI for the Proposed Development and 

are within 100 km of the River Dee SAC are screened in for potential in-combination impacts 

for mortality, injury (TTS), and behavioural impacts and auditory masking arising from noise 

and vibration. This includes the portion of the underwater noise ZoI which runs along the 

western end of the OTC Corridor where there is the potential for UXO removal activities and 

other construction and O&M vessel movements.  

 
5 https://www.gov.uk/guidance/nationally-significant-infrastructure-projects-advice-on-habitats-regulations-
assessments  

https://www.gov.uk/guidance/nationally-significant-infrastructure-projects-advice-on-habitats-regulations-assessments
https://www.gov.uk/guidance/nationally-significant-infrastructure-projects-advice-on-habitats-regulations-assessments
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▪ SSC/Deposition/Contaminants – Projects or plans that create sufficient sediment 

disturbance, that are within the 10 km sedimentary ZoI for the Proposed Development and 

are within 10 km of the River Dee SAC are screened in for potential in-combination impacts 

for suspended sediment/deposition; direct and indirect seabed disturbance leading to 

release of sediment contaminants.  

▪ EMF – Projects or plans that create EMF, that are within the 10 km ZoI for the Proposed 

Development and within 100 km of the River Dee SAC are screened in for potential in-

combination impacts for EMF effects arising from cables.  

 A tiered approach has been applied to the in-combination assessment to reflect the different 

levels of uncertainty associated with the Proposed Development design and timeframes for the 

projects screened into the assessment, the tiers applied for fish and shellfish ecology is shown 

in Table 4.14 and Figure 4.4. Those plans and projects considered in this assessment are shown 

in Table 4.15.  

Table 4.14 Tiers Applied for Fish and Shellfish Ecology 

Tier Description 

Tier 1 The whole of the Project (both onshore and offshore elements plus wet storage), 
combined with plans/projects which have become operational since the baseline 
characterisation of the Proposed Development, operational projects that have an 
ongoing impact, plus those that are consented and are yet to be constructed or 
under construction. 

Tier 2 All plans/projects assessed under Tier 1, plus those projects that have submitted a 
Scoping Report or those pending determination following a submitted application. 

Tier 3 All plans/projects assessed under Tier 2, plus those projects that are not currently in 
the planning system but are likely to enter the planning system in the near future 
(e.g., Agreement for Lease (AfL) or projects at feasibility / early design stages) where 
information is available to inform the in-combination assessment and there is 
sufficient data confidence. 
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Table 4.15 Plans and Projects Identified for the Fish and Shellfish Ecology In-combination Assessment  

Plan/Project Summary Status Distance 
from Aspen 
Array Area 
(km) 

Distance 
from OTC 
Corridor 
(km) 

Construction Dates (if 
relevant) 

Operational by  
(if relevant) 

Summary of Interaction with 
Proposed Development 

Distance to 
River Dee 
SAC 

Pressure 

Tier 1 

Eastern Green Link 
2 (Peterhead to 
DRAX) HVDC 

Subsea Cable Construction 
 

78.9 0.0 2025 2029 O&M phase interacts with the 
construction and O&M phases 
of the Proposed Development.  

38 km Underwater noise 
EMF  

Aberdeen Disposal site O&M 116.7 1.4 N/A N/A O&M phase interacts with the 
construction and O&M phases 
of the Proposed Development.  

4.3 km SSC/Deposition/Contaminants 

Aberdeen OWF 
(EOWDC) 

Offshore 
Energy 

O&M 106.6 9.1 N/A N/A O&M phase interacts with the 
construction and O&M phases 
of the Proposed Development.  

7 km Underwater noise 
SSC/Deposition/Contaminants 
EMF 

Kincardine OWF 
and ECC 

Offshore 
Energy 

O&M 112.8 5.2 N/A N/A O&M phase interacts with the 
construction and O&M phases 
of the Proposed Development. 

17 km  
 

Underwater noise 
EMF 

Tampnet CNSFTC 
Telecom Cable 

Subsea Cables O&M 0.8 0.0 N/A N/A O&M phase interacts with the 
construction and O&M phases 
of the Proposed Development.  

30 km  
 

EMF 

Hywind OWF Offshore 
Energy 

O&M 60.6 11.3 N/A N/A O&M phase interacts with the 
construction and O&M phases 
of the Proposed Development. 
Overlap with the UWN ZoI. 

53 km  
 

Underwater noise 

Green Volt OWF Offshore 
Energy 

Consented 11.59 18.11 2025-2027 2028-onwards Construction and O&M phases 
interacts with the construction 
and O&M phases of the 
Proposed Development. 

109 km6 Underwater noise 

North Connect Power Cable Consented – not 
constructed  

12.1 18.8 Unknown Unknown Construction and O&M phases 
likely to interact with the 
construction and O&M phases 
of the Proposed Development. 
Overlap with the UWN ZoI. 

40 km Underwater noise 
 

Salamander OWF Offshore 
Energy 

Consented 44 14.1 2026-2030 2031 Construction and O&M phases 
interacts with the construction 
and O&M phases of the 
Proposed Development. 
Overlap with the UWN ZoI. 

63 km  
 
 

Underwater noise 
 

Tier 2 

CSNE project Power cable In Planning 17.1 0.0 2027 2028 Construction and O&M phases 
interacts with the construction 
and O&M phases of the 
Proposed Development. 

37 km EMF 

 
6 Although Green Volt OWF array area is > 100 km form the River Dee SAC, it is screened in on a precautionary basis, as it is close to the Aspen Array Area. 
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Plan/Project Summary Status Distance 
from Aspen 
Array Area 
(km) 

Distance 
from OTC 
Corridor 
(km) 

Construction Dates (if 
relevant) 

Operational by  
(if relevant) 

Summary of Interaction with 
Proposed Development 

Distance to 
River Dee 
SAC 

Pressure 

Eastern Green Link 
3 (Pererhead to 
South Humber) 

Power Cable In Planning 75.3 0.0 2028 2031 Construction and O&M phases 
interacts with the construction 
and O&M phases of the 
Proposed Development. 

42 km EMF 

Cenos OWF Export 
Cable 

Power Cable Application submitted 12.1 0.0 2030-2031 for 
transmission cable 
construction 

2035 Construction and O&M phases 
interacts with the construction 
and O&M phase of the 
Proposed Development. 
Overlap with the UWN ZoI. 

37 km EMF 

Muir Mhòr OWF 
and Export Cable 

Offshore 
Energy 

Application submitted 20.0 5.7 2030-2034 2035 Construction and O&M phases 
interacts with the construction 
and O&M phase of the 
Proposed Development. 
Overlap with the UWN ZoI. 

46 km  
 

Underwater noise 
EMF 

Campion Wind 
OWF 

Offshore 
Energy 

Scoping submitted 18.7 18.7 2026-2030 Grid connection 
between 2030-
2035 

Construction and O&M phases 
interacts with the construction 
and O&M phases of the 
Proposed Development. 
Overlap with the UWN ZoI. 

72 km  
 

Underwater noise 
 

Broadshore OWF Offshore 
Energy 

Scoping submitted 84.9 80.5 2027-2030 2030 Construction and O&M phases 
interacts with the construction 
and O&M phases of the 
Proposed Development. 
Overlap with the UWN ZoI. 

80 km  
 

Underwater noise 
 

Ossian OWF Offshore 
Energy 

In Planning 85.6 55.7 2028-2031 2032 Construction and O&M phases 
interacts with the O&M phase 
of the Proposed Development. 
Overlap with the UWN ZoI. 

39 km  
 
 

Underwater noise 
 

Bowdun OWF Offshore 
Energy 

Scoping submitted 88.4 19.4 2029-2032 2033 Construction and O&M phases 
likely to interact with the 
construction and O&M phases 
of the Proposed Development. 
Overlap with the UWN ZoI. 

85 km  
 

Underwater noise 
 

Tier 3 

Buchan Oil Field 
(Power from 
Shore) 

Subsea Cables Concept/Early planning 0.0 2.0 Unknown Unknown Construction and O&M phases 
likely to interact with the 
construction and O&M phases 
of the Proposed Development. 
Overlap with the Sedimentary 
ZoI and UWN ZoI. 

0 km  Underwater noise 
SSC/Deposition/Contaminants 
EMF 

Flora OWF Offshore 
Energy 

Concept/Early planning 49.7 6.2 Unknown Unknown Construction and O&M phases 
likely to interact with the 
construction and O&M phases 
of the Proposed Development. 
Overlap with the UWN ZoI. 

62 km Underwater noise 
EMF 
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4.5 Appropriate Assessment 

River Dee SAC 

 The River Dee SAC is situated 118 km from the Aspen Array Area and 6 km from the OTC 

Corridor (see Figure 4.1).  

 A potential for LSE has been identified for Atlantic salmon and freshwater pearl mussel 

Qualifying Features at the River Dee SAC for underwater noise, increased SSC and deposition, 

direct and indirect seabed disturbance leading to release of sediment contaminants, during the 

construction, O&M and decommissioning phases.  

 A potential for LSE has also been identified for the Atlantic salmon and freshwater pearl mussel 

Qualifying Features at this SAC in relation to EMF effects arising from cables during the O&M 

phase. 

Features 

 The following Qualifying Features of the River Dee SAC are relevant to fish and shellfish ecology: 

▪ Atlantic salmon 

▪ Freshwater pearl mussel 

Conservation Objectives 

 The conservation objectives of the River Dee SAC are:  

▪ To ensure that the Qualifying Features of the River Dee SAC are in favourable condition and 

make an appropriate contribution to achieving favourable conservation status; 

▪ To ensure that the integrity of the River Dee SAC is restored by meeting objectives7 2a, 2b, 

2c for each Qualifying Features (and 2d for freshwater pearl mussel);  

▪ Atlantic salmon  

▪ 2a) Maintain the population of Atlantic salmon, including range of genetic 

types, as a viable component of the site; 

▪ 2b) Maintain the distribution of Atlantic salmon throughout the site; and 

▪ 2c) Maintain the habitats supporting Atlantic salmon within the site and 

availability of food. 

▪ Freshwater Pearl mussel 

▪ 2a) Restore the population of freshwater pearl mussel as a viable component 

of the site; 

▪ 2b) Restore the distribution of freshwater pearl mussel throughout the site; 

 
7 River Dee Special Area of Conservation (SAC) Conservation Advice Package. Available online at: 
https://www.nature.scot/sites/default/files/special-area-conservation/8357/conservation-advice-package.pdf. 
[Accessed June 2025]. 

https://www.nature.scot/sites/default/files/special-area-conservation/8357/conservation-advice-package.pdf
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▪ 2c) Restore the habitats supporting freshwater pearl mussel within the site and 

availability of food; and 

▪ 2d) Maintain the distribution and viability of freshwater pearl mussel host 

species and their supporting habitats. 

 Due to the position of the River Dee SAC in relation to the Proposed Development, with no 

direct or indirect impacts to the Qualifying Features actually within the River Dee SAC itself, 

only the Atlantic salmon conservation objective 2a, and the freshwater pearl mussel 

conservation objective 2a and 2d are considered further within this assessment. 

Mortality, Injury, Behavioural Impacts and Auditory Masking Arising from Noise and Vibration 

(temporary). 

 This section addresses the potential for AEoSI from effects associated with underwater noise 

impacts (piling and UXO clearance) arising during the construction and decommissioning 

phases of the Proposed Development on the Atlantic salmon and freshwater pearl mussel 

features of the River Dee SAC. 

 The potential for adverse effects in relation to underwater noise during decommissioning will 

be similar to, and potentially less than, those outlined in the construction phase given the lack 

of piling. Effectively, the potential for effect during decommissioning would fall within, and be 

no worse than, the degree of effect during construction, with any such decommissioning being 

subject to the relevant licensing requirements at that time. Therefore, the main focus of the 

first part of this assessment is in relation to the potential for effects during the construction 

phase of the Proposed Development. 

 There are three main sources of underwater noise associated with the Proposed Development 

alone during construction with the potential for effect, which comprise; 

▪ Underwater noise from piling within the Aspen Array Area (construction);  

▪ Underwater noise from UXO clearance (construction and decommissioning); and 

▪ Underwater noise from other sources (such as noise from other construction, O&M and 

decommissioning works, WTG noise, vessel traffic, etc). 

 The approach taken by this RIAA is to assess these effects individually, with a conclusion of the 

effect from underwater noise drawn based on these effects. 
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Appropriate Assessment Alone 

Atlantic Salmon 

Piling within the Aspen Array Area (construction) 

 Atlantic salmon are classed as a Group 2 species (Popper et al., 2014), with a swim bladder that 

is not involved in hearing. These receptors are more sensitive to particle motion than sound 

pressure. Atlantic salmon are highly mobile receptors and are considered to be potentially 

transient across the Proposed Development during migration, as highlighted by their presence 

in site specific eDNA surveys (Offshore EIAR, Volume 3, Appendix 9.1: Offshore Baseline Survey 

Reports). Atlantic salmon smolts leave the River Dee in Spring, typically from late April to early 

June (NatureScot, 2005). Tracking studies have shown that smolts leaving the River Dee 

generally travel in an easterly or south easterly direction, within the study area (up to 20 km 

from the shore) according to Main et al., (2023). Adults generally return to the river to spawn 

between October and December the following year, for adults which only spend one year in 

the marine environment (known as one-sea-winter salmon) or subsequent autumn/early 

winters for adults that spend a number of years within the marine environment (known as 

multi-sea-winter salmon). As they are mobile whilst transiting through the area, they are 

considered able to flee from noise disturbance. Whilst there is a greater likelihood that smolts 

will be present in the vicinity of the Proposed Development in late spring and early summer, 

and that adults are more likely to be present in the vicinity during autumn and early winter, as 

the marine phase is less well known, for the purpose of this assessment, it is considered that 

Atlantic salmon could be present in the vicinity of the Proposed Development at any time 

during the year. 

 In late spring to early summer, adult Atlantic salmon return to rivers to spawn, whilst juvenile 

salmon migrate out to sea to feed. As the River Dee SAC is 118 km from the Aspen Array Area 

where piling will be occurring, there is no potential for noise to create a noise barrier for leaving 

or entering the natal rivers. However, there is the potential for the underwater noise to result 

in impacts whilst individuals are transiting in the vicinity of the Proposed Development. Based 

on their low vulnerability to noise impacts, and their mobile nature, should Atlantic salmon be 

present, they are expected to recover quickly, returning to normal behaviours and onward 

migrations, and returning to disturbed areas soon after any disturbance occurs. 

 Given the nature of noise effects and the likely transient nature of Atlantic salmon across the 

underwater noise ZoI during migration, it is anticipated that they would display a fleeing 

response to noise and therefore will experience less exposure to underwater noise. In the 

context of the assessment, fleeing receptors are anticipated to flee from the source at a 

consistent rate of 1.5 m/s. Whilst fleeing speeds will vary, 1.5 m/s is used during underwater 

noise modelling and is a speed at which Atlantic salmon can easily travel.  

 Based on the modelling results for underwater noise from, the spatial worst-case design 

scenario results from the installation of up to four sequentially piled OSP jacket foundation piles 

in the centre of the Aspen Array Area within a 24-hour period. However, it is worth noting that 

there are very similar (although slightly smaller) impact ranges expected for piling of up to four 

sequentially piled anchors in the north corner of the Aspen Array Area within a 24-hour period.  
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 The model results show that mortality and potential mortal injury of Atlantic salmon will only 

occur in the immediate vicinity (< 100 m for 210 dB SELcum) or up to 340 m from the piling 

activity (207 dB SPLpeak). Likewise, recoverable injury of Atlantic salmon is expected to occur in 

the immediate vicinity (< 100 m for 203 dB SELcum) or up to 340 m of the piling activity (207 dB 

SPLpeak) (Table 4.6).  

 TTS impact areas from the sequential piling of anchor piles in the north of the Aspen Array Area, 

or the sequential piling of anchor and OSP foundation piles are predicted across areas of up to 

50,000 m) (Table 4.6).  To note, there is only one piling vessel planned, as such there is no 

potential for piling impacts to occur for simultaneous piling at two different locations for the 

Proposed Development.  

 Taking into consideration the distance of the Aspen Array Area from the River Dee SAC (118 

km), with no spatial overlap with the SAC and modelled noise contours (Figure 4.2 and Figure 

4.3), and recovery from TTS once the effect causing it stops or is out of range, there are not 

anticipated to be any injurious effects or TTS from underwater noise on the Atlantic salmon 

feature within, or leaving/returning to the River Dee SAC. Embedded mitigation (Table 4.11) 

may reduce risk of effect further, however this is not considered necessary to prevent adverse 

effect on the feature. 

There are no quantitative thresholds advised to be used to assess behavioural impacts, 

however, Popper et al., (2014) provide qualitative behavioural criteria for fish from a range of 

sources. When considering these criteria, the risk of behavioural effects from piling is high in 

the nearfield (10s of metres), moderate in the intermediate field (100s of metres) and low in 

the far field (1,000s of metres) (Table 4.3). 

 The risk of auditory masking for Atlantic salmon is moderate in the near field and low within 

the intermediate and far fields. Near field impacts are considered contained within the TTS 

effects described above considering the different ranges. With consideration of the above 

there is the potential for a degree of behavioural and masking effects for Atlantic salmon that 

are migrating to or from natal rivers past the Proposed Development, however due to the 

mobile nature, the ability to avoid noisy areas and the likely ability to recover fully, it is 

concluded there will be no significant behavioural or masking effects on Atlantic salmon. 

 Considering the localised nature of underwater noise from piling within the Aspen Array Area, 

and the transient nature of the Atlantic salmon across the underwater noise ZoI and the 

medium sensitivity of Atlantic salmon to underwater noise, there will be no direct impacts from 

underwater noise from piling activities on Atlantic salmon within the designated site, and 

consequently no barriers to migratory behaviours in or out of the natal river. Any impacts from 

underwater noise from piling activities on Atlantic salmon within the vicinity of the Aspen Array 

Area that may be attributed as features of the River Dee SAC or other rivers designated for the 

same feature, will be of localised nature, with no population level effects anticipated.  

 As stated above, the potential for effects during decommissioning will be equal to or no worse 

than, the degree of effect during construction, especially due to the lack of impact piling 

required, with any such decommissioning being subject to the relevant licensing requirements 

at that time. 
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 The impact ranges from underwater noise are localised to the activity, with Atlantic salmon 

expected to move away from the effects. Therefore, it is considered that there is no potential 

for AEoSI on the Atlantic salmon feature of the River Dee SAC from the Proposed Development 

alone during construction and decommissioning and will not hinder the Atlantic salmon 

conservation objective 2a, and the freshwater pearl mussel (regarding Atlantic salmon as the 

host) conservation objective 2d. Therefore, subject to natural change, the population of 

Atlantic salmon will be maintained in the long-term with respect to underwater noise from 

construction and decommissioning within the Aspen Array Area. 

UXO Clearance (construction and decommissioning) 

 Consideration of impacts from UXO is made on a risk of injury basis and a disturbance element 

(see Table 4.7). UXO clearance activities are one of the loudest anthropogenic noise sources 

that occur underwater, with source levels that can be higher than those from piling (depending 

on the methodology used). UXO clearance has the potential to result in mortality, potential 

mortal injury, recoverable injury, TTS and disturbance to fish and shellfish species, depending 

on the proximity of the individuals to the UXO location and the size of the UXO. Small scale 

mortality of fish as a result of UXO detonation has been evidenced (Dahl et al., 2020), with dead 

fish recorded floating at the surface following detonation, typically within the immediate 

vicinity of the detonation and as such this is expected to be a localised impact.  

 Deflagration or "low order" detonation clearance methods will be prioritised (commitment C-

OFF-42 as shown in Table 4.11). Evidence to date (e.g., Cheong et al., 2020) suggests these 

methods give rise to a much quieter, standard source level (regardless of UXO charge size, with 

the sound level emitted only relating to the donor charge size) which may result in reduced 

impacts on the marine environment. 

 There are no quantitative thresholds for recoverable injury, TTS or disturbance with regards to 

UXO, however since only one detonation will occur at a time, with sometime between potential 

detonations, it is less likely that multiple detonations would impact the same individuals and 

result in recoverable injury. Additionally, whilst a TTS or disturbance response may be 

experienced by individuals, the temporally and geographically spaced UXO detonations are not 

considered capable of resulting in an adverse effect on the site. While individual UXO 

detonations have the potential to result in impact ranges comparable to piling events, the 

short-term (seconds) and discrete nature of a UXO detonation is considered to result in a lesser 

effect. This is because UXO detonation is a discrete event, and while this may result in some 

temporary disturbance to Atlantic salmon, with potential for mortality/ mortal injury in close 

proximity, it is unlikely to result in any significant disturbance or loss of population.  

 Therefore, based on the transient nature of Atlantic salmon across the underwater noise ZoI, 

short-term and spatially limited nature of the impact, and embedded mitigation, it is concluded 

that there is no potential for AEoSI on the Atlantic salmon feature of the River Dee SAC from 

the Proposed Development alone during construction and decommissioning and will not hinder 

the Atlantic salmon conservation objective 2a, and the freshwater pearl mussel (regarding 

Atlantic salmon as the host) conservation objective 2d. Therefore, subject to natural change, 

the population of Atlantic salmon will be maintained in the long-term with respect to 

underwater noise from UXO clearance for the Proposed Development.  
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Underwater Noise from Other Noise Sources (construction, O&M and decommissioning) 

 There is the potential for impacts relating to the underwater noise from other sources, during 

the during construction, O&M and decommissioning of the Proposed Development that could 

impact Atlantic Salmon. For the most part this would be in the form of continuous noise, 

however other noise (such as that resulting from “snapping” of mooring lines) may result in a 

more impulse like noise.   

 There is no direct evidence of mortality or potential mortal injury in fish from continuous noise 

sources. As shown in Table 4.5 continuous noise sources (such as cable laying, pile drilling, rock 

placement, cable trenching, and vessel movements) during construction, O&M and 

decommissioning, would only result in impacts close to the noise source for a large duration of 

time. The Popper et al. (2014) criteria consider the risk of mortality and potential mortal injury, 

and recoverable injury associated with continuous noise sources to be of low risk for Atlantic 

salmon (Group 2) regardless of distance from the source. For TTS to occur at a moderate level 

in close proximity to the source (10s of metres) and a moderate behavioural response within 

100s of metres of the noise source. 

 The main source of underwater noise during the O&M phase is from WTGs and the mechanical 

vibration produced by rotating machinery inside the turbines. These vibrations are transmitted 

into the sea via the turbine tower and foundation (Nedwell and Howell, 2004; Tougaard et al., 

2020). Airborne noise above the water surface is minimal and does not significantly propagate 

into the marine environment. 

 As indicated by Popper et al. (2014), operational underwater noise from WTGs remains below 

the TTS threshold of 186 dB, with an estimated impact range of less than 100 meters based on 

extrapolated levels and Popper et al. (2014) criteria for continuous noise (see Table 4.5).  

 Furthermore, exceeding the TTS threshold of 158 dB (Lp) would require a marine animal to 

remain within 20 meters of a turbine for 12 continuous hours. As Atlantic salmon are highly 

mobile and driven by hormonal ques, it is unlikely that they would be in close enough proximity 

to a WTG for a sufficient amount of time. 

 Mooring lines, connected to floating OWF foundation, have been described as producing a 

"snapping" noise related to tension release. According to Xodus (2015), up to 23 snaps were 

identified per day at the Hywind Test site. Over two months of monitoring, fewer than 10 snaps 

exceeding 160 dB re 1 µPa (Lp) at 150 meters from the WTG were recorded on most days. Since 

any snapping occurs at an average rate of less than one snap per hour, disturbance leading to 

avoidance behaviour is considered unlikely. Additionally, this prediction includes worst-case 

assumptions (such as all WTGs producing the maximum number of snaps daily, equivalent noise 

levels from multiple locations affecting a receptor equally) and is below any TTS or injury criteria 

for fish and shellfish receptors. 
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 Therefore, based on the transient nature of Atlantic salmon across the underwater noise ZoI, 

short-term and spatially limited nature of the impact, it is concluded that there is no potential 

for AEoSI on the Atlantic salmon feature of the River Dee SAC from the Proposed Development 

alone during construction, O&M and decommissioning and will not hinder the Atlantic salmon 

conservation objective 2a, and the freshwater pearl mussel (regarding Atlantic salmon as the 

host) conservation objective 2d. Therefore, subject to natural change, the population of 

Atlantic salmon will be maintained in the long-term with respect to underwater noise from 

other noise sources for the Proposed Development.  

 As there will be no residual impacts on the site or feature, it is no longer considered for in-

combination impacts and is screened out for noise from other noise sources. 

Appropriate Assessment In-combination 

Atlantic Salmon 

 As for the Proposed Development alone, potential in-combination effects on Atlantic salmon 

receptors include auditory injury as a result of the pile driving from the Proposed Development 

alongside noise effects from other projects. Furthermore, in-combination effects may arise 

from combined construction activities of piling and UXO clearance. 

Piling within the Aspen Array Area and Other Projects and Plans (construction) 

 Due to the differing levels of information available for potential piling operations for each of 

the OWFs in each of the three tiers, these have been considered collectively for this impact. 

 Mortality and potential mortal injury of Atlantic salmon and when attached, impacts to the 

associated freshwater pearl mussel glochidia, from piling noise would not be expected to occur 

in-combination due to the small range within which potential injury effects would be expected 

(which are predicted to occur within a relatively short distance of the piling activity) and the 

relatively larger distances between the OWF projects. Whilst there is the possibility that 

individuals pass close enough to two separate piling events, at two separate OWFs, due to the 

small area within which mortality and potential mortal injury can occur, this is an unlikely 

occurrence. Whereas, due to the relatively larger areas over which recoverable injury and TTS 

can occur, there is greater potential for in-combination effects between different OWFs. 

 The closest OWF projects to the Aspen Array Area where there is sufficient underwater noise 

modelling information available are Green Volt OWF and Muir Mhòr OWF, at 11.6 km and 20 

km distance away from the Aspen Array Area respectively. The largest predicted range for 

mortality and potential mortal injury from the Proposed Development for Atlantic salmon is 

340 m (207 dB SPLpeak) or <100 m (210 dB SELcum) for fleeing receptors (Table 4.6).  At Green 

Volt OWF it was predicted at 147 m for (207 dB SPLpeak) and thresholds not exceeded for the 

cumulative sound pressure level (210 dB SELcum) (Green Volt, 2023). With regard to Muir Mhòr, 

the underwater noise modelling assessed a maximum mortality and potential mortal injury 

impact range for fleeing Atlantic salmon to be up to 310 m (207 dB SPLpeak) or <0.1 km2 (210 dB 

SELcum) (Muir Mhòr, 2024b). As such there is not predicted to be any spatial overlap of impact 

zones due to mortality and potential mortal injury. 
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 For recoverable injury, the largest predicted range for recoverable injury from the Proposed 

Development for Atlantic salmon is 340 m (207 dB SPLpeak) or <100 m (203 dB SELcum) for fleeing 

receptors (Table 4.6). The underwater noise modelling for Green Volt predicted a maximum 

impact range of 147 m for (207 dB SPLpeak) and threshold not exceeded for the cumulative 

sound pressure level (203 dB SELcum) (Green Volt, 2023). Whereas Muir Mhòr OWF predicted a 

maximum impact range for fleeing Group 2 (which includes Atlantic salmon) of up to 310 m 

(207 dB SPLpeak) or up to 1,100 m (203 dB SELcum) when considering the sequential piling of 

offshore electricity platform piles (Muir Mhòr, 2024b). As such there is not predicted to be any 

spatial overlap of impact zones due to recoverable injury. 

 In-combination effects of underwater noise are therefore discussed in the context of TTS and 

behavioural effects with all of the screened in OWFs (Table 4.15). The following paragraphs 

describe the spatial extent of TTS and behavioural effects on Atlantic salmon and shellfish (such 

as freshwater pearl mussel), for the screened in projects, under each Tier. Each of the impact 

assessments considers the worst case design scenario for hammer energy and/or the largest 

pile diameter (as published in the respective EIAs) and therefore results in the greatest 

propagation ranges. It should be noted, however, that the specific assessments used in the 

individual projects below may have used behavioural response criteria which differ from the 

approach used for the Proposed Development and from the other projects in the in-

combination assessment. 

 The Green Volt OWF (Tier 1) assessed a maximum distance for TTS (186 dB SELcum) to be 4.5 km 

from source, for the piling of one offshore substation, on a jacket foundation (four pin piles, 3 

m pile diameter), using a maximum hammer energy of up to 2,300 kJ. The Green Volt OWF 

project did not conclude any potential for impacts from underwater noise from piling 

operations on Atlantic salmon or shellfish receptors in the area. Considering the limited spatial 

and temporal nature of the impacts (Green Volt, 2023) Green Volt OWF concluded no potential 

AEoSI for the River Dee SAC and Atlantic salmon (Green Volt, 2023a). 

 The Muir Mhòr OWF (Tier 2) assessed TTS (186 dB SELcum) to be 69 km for the sequential piling 

of offshore energy platforms from the centre of the array area using a maximum hammer 

energy of 3,200 kJ under a worst-case scenario for fleeing Group 2 receptors. For the sequential 

piling of WTG anchors, the Muir Mhòr OWF EIAR assessed a maximum distance for TTS (186 dB 

SELcum) to be 59 km, with a potential for spatial overlap in impact areas with the Proposed 

Development, for the sequential piling of offshore energy platforms from the centre of the 

array area using a maximum hammer energy of 2,400 kJ under a worst-case scenario. The Muir 

Mhòr OWF project concluded there was negligible potential for effect on the Atlantic salmon 

feature of the River Dee SAC alone or in-combination (Muir Mhòr, 2024d).  

 The Salamander OWF (Tier 1) assessed a maximum distance for TTS impacts (186 dB SELcum) for 

fleeing receptors to be 18 km from the source, for the piling of up to 4 pile anchors in 24 hours 

using a hammer energy of 1,500 kJ. The Salamander OWF project did not conclude any 

potential for impacts from underwater noise on fish or shellfish (Salamander, 2024a) and 

concluded no LSE for Atlantic salmon and freshwater pearl mussel for the River Dee SAC 

(Salamander, 2024a). 



  

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 
64 of 89 

 

 Ossian OWF (Tier 2) assessed a maximum distance for TTS (186 dB SELcum) to be 21 km from 

the source for fleeing Group 2 receptors (which includes Atlantic salmon), for the installation 

of one offshore substation platform jacket pile using 4,400 kJ hammer energy (RPS, 2024). The 

Ossian OWF project did not conclude any potential for impacts from underwater noise from 

piling operations on key fish and shellfish receptors in the area, which included Atlantic salmon 

and shellfish (RPS, 2024) and concluded that adverse effects on the qualifying Annex II 

diadromous fish interests of the River Dee SAC which undermine the conservation objectives 

of the SAC will not occur as a result of underwater noise during construction activities (RPS, 

2024a). 

 Campion OWF, Broadshore OWF, and Bowdun OWF (Tier 2) at this stage have each only 

produced a Scoping Report and therefore have not published any information in the public 

domain regarding the anticipated impacts from underwater noise. Consequently, it is not 

possible to undertake detailed assessments of the significance of effect. However, given the 

intermittent nature of piling, and due to these other Tier 2 projects being less advanced in the 

consenting process, it is unlikely that there will be a temporal overlap of construction activities 

resulting in significant effects on Atlantic salmon or associated freshwater pearl mussel 

receptors. 

 Flora OWF (Tier 3) does not have any information in the public domain regarding the spatial 

extent of impacts from underwater noise. Consequently, it is not possible to undertake detailed 

assessments of the significance of effect. However, given the intermittent nature of piling, and 

due to these other Tier 3 projects being even less advanced in the consenting process, it is 

unlikely that there will be a temporal overlap of construction activities resulting in significant 

effects on fish and shellfish receptors. 

 The impact ranges from underwater noise are relatively localised to the piling activity for 

mortality, potential mortal injury and recoverable injury, with Atlantic salmon expected to 

move away from the effects. Whilst there is a greater spatial extent of TTS and behavioural 

ranges with potential for spatial and temporal overlap over other OWFs, TTS and behavioural 

impacts are not likely to significantly impact highly mobile individuals that transit through the 

Proposed Development. Therefore, it is considered that there is no potential for AEoSI on the 

Atlantic salmon feature of the River Dee SAC from the Proposed Development in-combination 

during construction and decommissioning and will not hinder the Atlantic salmon conservation 

objective 2a, and the freshwater pearl mussel (regarding Atlantic salmon as the host) 

conservation objective 2d. Therefore, subject to natural change, the population of Atlantic 

salmon will be maintained in the long-term with respect to underwater noise from construction 

and decommissioning. 
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UXO Clearance and Other Projects and Plans (construction and decommissioning)  

 UXO clearance may lead to disturbance, but embedded commitments (Table 4.11) for UXO 

clearance, that low order deflagration will be the preferred method (C-OFF-42) which is in line 

with the UK Government Joint Position Statement on UXO Clearance (UK Government, 2025). 

Prior to this guidance being in pace, a hierarchical approach was being used for UXO clearance 

within the OWF industry. For example, the Moray West OWF Marine Licence Application 

(Moray Offshore Windfarm (West) Limited, 2023) methodology sets out to avoid any UXO 

where practicable by micrositing around it. However, if avoidance is not possible, the target 

will be subject to low order deflagration in order to remove any risk to subsequent construction 

activities. Following this approach which will help mitigate the disturbance risk to fish and 

shellfish receptors. It is anticipated that all in-combination projects will employ similar 

mitigation (although at this stage this information is not yet known due to Marine Licence 

Applications for UXO clearance in Scottish waters are typically applied for after consent is 

granted).  

 UXO clearance campaigns have been demonstrated to be 100% successful with low-order 

deflagration techniques, on other Scottish projects (Ocean Winds, 2024).  There may be cases 

where low-order deflagration is not possible and high-order detonation is required at either 

the Proposed Development and/or at other OWFs, however due to very limited temporal 

impact and likely time between events, impacts to individual Atlantic salmon are unlikely. 

Additionally, the marine licencing for UXO clearance in Scottish waters requires consideration 

of secondary mitigation in cases where low-order clearance is not possible8. As such, any risk 

of disturbance is considered minimal and unlikely with the implementation of embedded 

mitigation, and potential for in-combination effects on Atlantic salmon due to disturbance as a 

result of UXO clearance is not considered further. 

 Therefore, based on the transient nature of Atlantic salmon across the underwater noise ZoI, 

short-term and spatially limited nature of the impact, and implementation of embedded 

mitigation, it is concluded that there is no potential for AEoSI on the Atlantic salmon feature of 

the River Dee SAC from the Proposed Development in-combination with other projects during 

construction and decommissioning and will not hinder the Atlantic salmon conservation 

objective 2a, and the freshwater pearl mussel (regarding Atlantic salmon as the host) 

conservation objective 2d. Therefore, subject to natural change, the population of Atlantic 

salmon will be maintained in the long-term with respect to underwater noise from UXO 

clearance for the Proposed Development. 

 
8 https://www.gov.scot/publications/marine-licensing-unexploded-ordnance-clearance-
guidance/pages/information-to-support-the-marine-licence-application/ 
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Appropriate Assessment Alone 

Freshwater Pearl Mussel 

Piling in the Aspen Array Area (construction) 

 Freshwater pearl mussel is a species of shellfish that spends the majority of their lifecycle within 

riverine systems, however in their larval (glochidia) stage they attach to the gills of salmonid 

fishes (including Atlantic salmon) within rivers and remain attached for up to 10 months of the 

year while their host leaves the natal rivers. Therefore, given the migratory movements of 

Atlantic salmon from this site, it is considered that any impacts acting on Atlantic salmon would 

also apply to freshwater pearl mussel, including underwater noise. 

 On the basis that shellfish do not possess swim bladders or other gas filled organs, it is 

considered that freshwater pearl mussel are primarily sensitive to particle motion rather than 

sound pressure (Hazelwood and Macey, 2016). As there are currently no criteria for assessing 

particle motion, it is not possible to undertake a threshold-based assessment of the potential 

for injury to freshwater pearl mussel and as such, a qualitative assessment of the potential for 

mortality or mortal injury has been made based on peer-reviewed literature. 

 Pile driving is recognised as a source of particle motion, generating high levels of particle 

motion in the nearfield (Hazelwood and Macey, 2016) which could potentially result in injury 

or mortality to sensitive shellfish receptors. Impacts from particle motion are also likely to occur 

locally to the source, with studies having demonstrated the rapid attenuation of particle motion 

with distance (Mueller-Blenkle et al, 2012). No studies have been undertaken on freshwater 

pearl mussel, however studies on other similar mollusc species (e.g., blue mussel Mytilus edulis 

and periwinkles Littorina spp.) show that exposure to a single airgun at a distance of 0.5 m has 

no effects after exposure (Kosheleva, 1992). Furthermore, given the period of exposure is while 

they are within the gills of Atlantic salmon, which are considered transient across the Proposed 

Development, they are therefore likely to be transported away from the noise source as their 

host flees from the noise disturbance. As described in the Atlantic salmon assessments 

(paragraph 4.5.11 et seq) there are no barriers to migration in and out of spawning rivers, and 

therefore it is considered that there is no barrier to migration for freshwater pearl mussel as 

they are attached to the salmon. Taking this into consideration, freshwater pearl mussel from 

the River Dee SAC are considered only to be impacted if their host (which can include Atlantic 

salmon) is subject to disturbance, injury or death whilst transiting through the Proposed 

Development. 
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 Therefore, due to the transient nature of freshwater pearl mussel across the underwater noise 

ZoI, being reliant on Atlantic salmon to pass through the location for there to be any potential 

effect (with no potential for AEoSI on the Atlantic salmon feature of the River Dee SAC, see 

paragraph 4.5.56), the low sensitivity of the feature, and the localised impact ranges from 

underwater noise it is considered that there is no potential for AEoSI on the freshwater pearl 

mussel feature of the River Dee SAC from the Proposed Development alone during construction 

and decommissioning and will not hinder the freshwater pearl mussel conservation objective 

2d (regarding Atlantic salmon as the host). Therefore, subject to natural change, the population 

of freshwater pearl mussel will be maintained in the long-term with respect to underwater 

noise from construction and decommissioning within the Aspen Array Area. As there will be no 

residual impacts on the site or feature, it is no longer considered for in-combination impacts 

and is screened out of this stage. 

UXO Clearance (construction and decommissioning) 

 It is possible that UXO operations will be planned to take place year-round during the UXO 

clearance campaign pre-construction. However, each UXO clearance is a discrete event, with 

the detonation of an UXO (high or low-order) representing a short-term (i.e., seconds) increase 

in underwater noise (i.e. Sound Pressure Levels (SPL) and particle motion) which may result in 

mortality, injury or behavioural impacts on fish and shellfish species. The potential spatial range 

of mortality (up to 550 m) and potential mortal injury (up to 910 m), the discrete temporal 

nature of the UXO detonations (i.e. seconds) and the spatial and temporal extent of impact 

from UXO clearance using high-order detonations (which represents the worst-case design 

scenario), are all considered to be small. 

 As detailed in paragraph 4.5.51, shellfish do not possess swim bladders or other gas filled 

organs, it is considered that freshwater pearl mussel are primarily sensitive to particle motion 

rather than sound pressure (Hazelwood and Macey, 2016). Additionally, as previously detailed 

in paragraph 4.5.52, freshwater pearl mussels are therefore likely to be transported away from 

the noise source as their host flees from the noise disturbance. As described in the Atlantic 

salmon assessments (paragraph 4.5.11 et seq) there are no barriers to migration in and out of 

spawning rivers, and therefore it is considered that there is no barrier to migration for 

freshwater pearl mussel as they are attached to the salmon. Taking this into consideration, 

freshwater pearl mussel from the River Dee SAC are considered only to be impacted if their 

host (which can include Atlantic salmon) is subject to disturbance, injury or death whilst 

transiting through the Proposed Development. 

 Therefore, due to the potentially transient nature of freshwater pearl mussel across the study 

area, being reliant on Atlantic salmon to pass through the location for there to be any potential 

effect, the low sensitivity of the feature, and the localised impact ranges from underwater noise 

it is considered that there is no potential for AEoSI on the freshwater pearl mussel feature of 

the River Dee SAC from the Proposed Development alone during construction and 

decommissioning and will not hinder the freshwater pearl mussel conservation objective 2d 

(regarding Atlantic salmon as the host). Therefore, subject to natural change, the population of 

freshwater pearl mussel will be maintained in the long-term with respect to underwater noise 

from construction and decommissioning within the Aspen Array Area. 
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Underwater Noise from Other Noise sources (construction, O&M and decommissioning) 

 Due to the transient nature of freshwater pearl mussel across the underwater noise ZoI, being 

reliant on Atlantic salmon to pass through the location for there to be any potential effect (with 

no potential for AEoSI on the Atlantic salmon feature of the River Dee SAC, see paragraph 4.5.26 

et esq, due to noise form other noise sources), and the lower sensitivity to noise of the 

freshwater pearl mussel compared to the Atlantic salmon, and the localised impact ranges from 

underwater noise from other sources, it is considered that there is no potential for AEoSI on 

the freshwater pearl mussel feature of the River Dee SAC from the Proposed Development 

alone during construction, O&M and decommissioning and will not hinder the freshwater pearl 

mussel conservation objective 2d (regarding Atlantic salmon as the host). Therefore, subject to 

natural change, the population of freshwater pearl mussel will be maintained in the long-term 

with respect to underwater noise from other noise sources.  

 As there will be no residual impacts on the SAC or Qualifying Feature, it is no longer considered 

for in-combination impacts and is screened out of this stage for noise from other noise sources. 

Appropriate Assessment In-combination 

Freshwater Pearl Mussel 

 As for the Proposed Development alone, potential in-combination effects on freshwater pearl 

mussel receptors may occur as a result of the pile driving from the Proposed Development 

alongside noise effects from other projects. Furthermore, in-combination effects may arise 

from combined construction activities of piling and UXO clearance. 

Piling in the Aspen Array Area and Other Projects and Plans (construction) 

 As freshwater pearl mussel are only potentially impacted whilst on the Atlantic salmon host 

during a period while they may be transiting through the Proposed Development, and 

considering freshwater pearl mussel are less sensitive to underwater noise than Atlantic 

salmon, in-combination impacts are considered to be the same (or lower) than those assessed 

for Atlantic Salmon in-combination (see paragraph 4.5.35 et seq.), and as such it is considered 

that there is no potential for AEoSI on the freshwater pearl mussel feature of the River Dee SAC 

from the Proposed Development in-combination and will not hinder the freshwater pearl 

mussel conservation objective 2d (regarding Atlantic salmon as the host). Therefore, subject to 

natural change, the population of freshwater pearl mussel will be maintained in the long-term 

with respect to underwater noise from construction and decommissioning within the Aspen 

Array Area and other projects.
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UXO Removal and Other Projects and Plans (construction and decommissioning) 

 As freshwater pearl mussel are only potentially impacted whilst on the Atlantic salmon host 

during a period while they may be transiting through the Proposed Development, and 

considering shellfish are less sensitive to underwater noise than Atlantic salmon, in-

combination impacts are considered to be the same (or lower) than those assessed for Atlantic 

Salmon in-combination (see paragraph 4.5.35 et seq.), and as such it is considered that there is 

no potential for AEoSI on the freshwater pearl mussel feature of the River Dee SAC from the 

Proposed Development in-combination and will not hinder the freshwater pearl mussel 

conservation objective 2d (regarding Atlantic salmon as the host). Therefore, subject to natural 

change, the population of freshwater pearl mussel will be maintained in the long-term with 

respect to underwater noise from UXO removal and other projects. 

CONCLUSION 

 A summary of the conclusion of assessment against the conservation objectives of the relevant 

features of the River Dee SAC with regards to underwater noise during construction, O&M, and 

decommissioning is shown in Table 4.16 below. 

 Due to the highly mobile and transient nature of Atlantic salmon (and subsequently freshwater 

pearl mussel) across the study area, the medium sensitivity of Atlantic Salmon and low 

sensitivity of freshwater pearl mussel to underwater noise, it is therefore considered that, there 

is no potential for AEoSI to the Atlantic salmon and freshwater pearl mussel Qualifying Features 

of the River Dee SAC from the Proposed Development alone or in-combination during 

construction, O&M and decommissioning, and there will be no hindrance to Atlantic salmon 

conservation objective 2a, or the freshwater pearl mussel conservation objective 2a and 2d. 

Therefore, subject to natural change, the population of Atlantic salmon and freshwater pearl 

mussel will be maintained in the long-term with respect to underwater noise alone or in-

combination from the Proposed Development.
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Table 4.16 Conclusion of Assessment Against the Conservation Objectives of the Relevant Features of 
the River Dee SAC with Regards to Underwater Noise During Construction, O&M and 
Decommissioning  

Conservation Objective Assessment Conclusion 

Atlantic salmon 

2a - Maintain the population of 
Atlantic salmon including range of 
genetic types, as a viable component 
of the site 

As per the assessment above, impacts arising from 
underwater noise as a result of the Proposed Development 
(alone or in-combination) will not result in a reduction in 
the population of Atlantic Salmon, and therefore there will 
not be AEoSI on the qualifying features for the River Dee 
SAC. 

2b - Maintain the distribution of 
Atlantic salmon throughout the site 

There is no pathway for effect from underwater noise as a 
result of the Proposed Development (alone or in-
combination) on this objective. 
 

2c - Maintain the habitats supporting 
Atlantic salmon within the site and 
availability of food 

Freshwater pearl mussel 

2a - Restore the population of 
freshwater pearl mussel as a viable 
component of the site 

As per the assessment above, impacts arising from 
underwater noise as a result of the Proposed Development 
(alone or in-combination) will not result in a reduction in 
the population of freshwater pearl mussel, and therefore 
there will not be AEoSI on the qualifying features for the 
River Dee SAC. 

2b - Restore the distribution of 
freshwater pearl mussel throughout 
the site 

There is no pathway for effect from underwater noise as a 
result of the Proposed Development (alone or in-
combination) on this objective. 
 2c - Restore the habitats supporting 

freshwater pearl mussel within the 
site and availability of food 

2d - Maintain the distribution and 
viability of freshwater pearl mussel 
host species and their supporting 
habitats 

Impacts to freshwater pearl mussel host species (Atlantic 
salmon) has been assessed above, and therefore there will 
not be AEoSI on the qualifying features for the River Dee 
SAC. 

Increases in SSC and Deposition (temporary) 

 This section addresses the potential for AEoSI from effects associated with suspended sediment 

and deposition arising during the construction, O&M, and decommissioning phases of the 

Proposed Development on the Atlantic salmon and freshwater pearl mussel Qualifying 

Features of the River Dee SAC. 

 The potential for adverse effects in relation to suspended sediment and deposition during O&M 

and decommissioning will be similar to, and potentially less than, those outlined in the 

construction phase. Effectively, the potential for effect during O&M and decommissioning 

would fall within, and be no worse than, the degree of effect during construction, with any such 

decommissioning being subject to the relevant licensing requirements at that time. Therefore, 

the main focus of this assessment is the relation to the potential for effects during the 

construction phase of the Proposed Development. 
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Appropriate Assessment Alone 

Atlantic Salmon 

 Information is provided within of Offshore EIAR, Volume 2, Chapter 7: Marine and Coastal 

Processes for the likely SSC and resulting deposition, and summarised in Table 4.10 and 

Paragraph 4.3.44 et seq. 

 For seabed preparation activities the largest sediment volume likely to be removed for 

sandwave clearance along the OTC Corridor is approximately 8,700,000 m3, to be excavated 

using a TSHD with an assumed hopper volume of 15,000 m3. The modelled maximum SSC across 

the model domain at any given time was up to 800 mg/l. Sediment plumes extend up to 

approximately 8 km and will return to levels consistent with naturally variable background 

concentrations within several tidal cycles. The effect will be very localised and temporary, 

occurring only whilst the disposal is active over that seabed section. As sediment in the plume 

is redeposited and dispersed both vertically and horizontally with distance and time 

downstream, SSC is expected to reduce to thousands or high hundreds of mg/l within tens to 

low hundreds of metres. The sediment in suspension during disposal is expected to fall out 

within the order of minutes, when deposited near the seabed. 

 Regarding IAC and Inter-link Cable installation, increases of SSC of up to 200 mg/l are observed 

immediately next to and during active works. Elevated SSC decreases over time, with increases 

above 20 mg/l observed only for 1% of the model simulation period. Sediment deposition of 

approximately 10 mm is predicted within the Aspen Array Area, with increases of up to 10 cm 

occurring within discrete locations. Bed level changes do not exceed 4 mm outside of the Aspen 

Array Area. Sediment deposition of up to 3 mm may extend up to 15 km to the south-west.  

 For OTCs, the maximum increases in SSC are predicted to occur within the export cable corridor 

and immediately adjacent to and during the jetting activities, with maximum increases less than 

40 mg/l (excluding the landfall). Increases of over 20 mg/l are only experienced for 1% of the 

model simulation period, with values greater than 0.5 mg/l observed only over 20% of the 

simulation period and rapid reduction in elevated concentrations occurring immediately 

following the cessation of activity. Sediment deposition is typically predicted between 4 mm 

and 6 mm within the OTC Corridor, with maximum increases of up to 10 mm occurring in 

discrete locations along the route. Outside of the OTC Corridor deposited sediment thicknesses 

of up to 2 mm (equivalent to a grain of very coarse sand) may occur up to 10 km away, generally 

towards the south. 

 For foundation and anchor installation, the impact is predicted (supported by site-specific 

empirical modelling) to be of local spatial extent limited to the sedimentary ZoI, short term 

duration, and likely to be negligible after several tidal cycles.  

 During HDD operations, the modelling indicates deposition of up to 0.2 mm thick and is 

predicted within several hundreds of metres of the exit pit. This deposition is small-scale and 

highly localised and is likely to be rapidly redistributed by wave action and currents. 
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 Associated deposition from sediment plumes is generally in the order of tens to low hundreds 

of mm within several hundreds of metres from the point of disturbance, reducing to low tens 

of mm beyond this. Sediment deposition is generally small-scale and restricted to the near field. 

This deposition is likely to become integrated into the local sediment transport regime and will 

be redistributed by tidal currents returning to background levels after the activity is ceased. 

 Atlantic salmon are known to be present in the sedimentary ZoI, although they are likely to be 

transient through the area. It is possible that individual may migrate through the sedimentary 

ZoI, and come into contact with suspended sediments generated by activities at the Proposed 

Development, such as cable installation (construction), cable repair (O&M) or cable removal 

(decommissioning), whilst migrating from, or whilst migrating to the River Dee SAC. Atlantic 

salmon are anticipated to have some tolerance to increased SSC due to migrating through 

estuarine environments which typically have high levels of SSC.  

 It is thought that any adverse effects from increased SSC on Atlantic salmon will likely be 

temporary behavioural effects. While suspended sediments can influence Atlantic salmon, 

particularly juvenile salmon, they generally can migrate through higher levels of suspended 

sediments, especially if the levels are not too high or prolonged (Robertson, et al., 2011) 

although some behavioural responses, such as triggering a response alarm have been 

observed. SSC as a result of the Proposed Development (all phases) will not create a barrier to 

migration to and from natal rivers, including the River Dee SAC. Whilst there is the potential for 

short durations of increased SSC and resulting deposition near to the mouth of the River Dee, 

levels are not expected to be greater than 800 mg/l. Elevated SSC is expected to disperse and 

become indistinguishable from background levels within several tidal cycles once activities 

have ceased, although low concentrations may persist for longer periods in areas of low 

mobility this will be within the expected variability of SSC resulting from storm events. Increases 

in SSC near the mouth of the River Dee will only be likely during construction, O&M and 

decommissioning activities within the nearshore part of the OTC Corridor. It is not expected 

that these potential levels of SSC would cause any barrier to migration, with SSC levels similar 

to background levels, or blockage to or from migration to the natal river, as Atlantic salmon are 

regularly exposed to storm events with SSC in excess of those predicted due to the Proposed 

Development. Therefore, it is not anticipated that any population level effects to this feature 

of the River Dee SAC will occur. 
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 Overall, the change from increases in SSC and associated deposition from the HDD operations, 

foundation and anchor installation, OTC, IACs and inter-link cables installation is noticeable but 

temporary, with the majority of impacts limited to the near-field and of short-term duration. 

Therefore, due to the highly mobile and potentially transient nature of Atlantic salmon across 

the sedimentary ZoI, the low sensitivity of the feature, and the short term duration and 

localised impact range arising from increases in SSC and deposition from construction, O&M 

and decommissioning it is considered that there is no potential for AEoSI on the Atlantic Salmon 

feature of the River Dee SAC from the Proposed Development alone during all phases of the 

Proposed Development and will not hinder the Atlantic salmon conservation objective 2a, and 

the freshwater pearl mussel (regarding Atlantic salmon as the host) conservation objective 2d. 

Therefore, subject to natural change, the population of Atlantic Salmon will be maintained in 

the long-term with respect to SSC and deposition from all phases of the Proposed 

Development.  

 As there will be no residual impacts on the SAC or Qualifying Feature, it is no longer considered 

for in-combination impacts and is screened out. 

Freshwater Pearl Mussel 

 Information is provided within of Offshore EIAR, Volume 2, Chapter 7: Marine and Coastal 

Processes for the likely SSC and resulting deposition, and summarised in Table 4.10 and 

Paragraph 4.3.40 et seq.  

 As stated above, freshwater pearl mussel is a species of shellfish that spend the majority of 

their lifecycle within riverine systems, however in their larval stage they attach to the gills of 

salmonid fishes (including Atlantic salmon) within rivers and remain attached for up to 10 

months of the year. Therefore, given the migratory movements of Atlantic salmon from this 

site, it is considered that any impacts acting on Atlantic salmon would also apply to freshwater 

pearl mussel, including increases in SSC and deposition. 

 Freshwater pearl mussel are sensitive to environmental changes and disturbances and have 

high vulnerability to increases in SSC and associated sedimentation, which can smother and 

suffocate the mussels, especially during the sedentary overwintering period when females are 

brooding their eggs within rivers (Hautier et al., 2011). Increases in SSC can make it harder for 

glochidia (the small larval stage of the freshwater pearl mussel) to attach to a hosts gill.  

Glochidia that are attached to salmonid gills (including Atlantic salmon) are still sensitive to 

elevated levels of SSC whilst at sea, however, this would need to be at levels that causes harm 

or damage to the salmonid host (Skinner et al., 2002). However, sediment plumes from the 

Proposed Development do not reach freshwater pearl mussel habitat, SSC will overlap with the 

mouth of the River Dee but will not reach the freshwater environment and therefore the 

impacts to freshwater pearl mussel will be indirect as a result of the direct impacts to Atlantic 

salmon.  
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 Therefore, due to the transient nature of freshwater pearl mussel across the study area, being 

reliant on Atlantic salmon to pass through the location for there to be any potential effect and 

the localised impact ranges it is therefore concluded that there is no potential for AEoSI on the 

freshwater pearl mussel feature of the River Dee SAC from the Proposed Development alone 

during all phases of the Proposed Development and will not hinder the freshwater pearl mussel 

conservation objective 2d (regarding Atlantic salmon as the host). Therefore, subject to natural 

change, the population of freshwater pearl mussel will be maintained in the long-term with 

respect to increases in SSC and deposition from all phases of the Proposed Development.  

 As there will be no residual impacts on the site or feature, it is no longer considered for in-

combination impacts and is screened out. 

CONCLUSION 

 A summary of the conclusion of assessment against the conservation objectives of the relevant 

features of the River Dee SAC with regards to SSC and deposition during construction, O&M, 

and decommissioning is shown in Table 4.17 below. 

 Due to the highly mobile and transient nature of Atlantic salmon (and subsequently freshwater 

pearl mussel) across the study area and the short term duration and localised impact range 

arising from increases in SSC and deposition from all phases of the Proposed Development, it 

is therefore considered that, there is no potential for AEoSI to the Atlantic salmon and 

freshwater pearl mussel Qualifying Features of the River Dee SAC from the Proposed 

Development alone or in-combination during construction, O&M and decommissioning and 

will not hinder the Atlantic salmon conservation objective 2a, and the freshwater pearl mussel 

conservation objective 2a and 2d. Therefore, subject to natural change, the population of 

Atlantic salmon and freshwater pearl mussel will be maintained in the long-term with respect 

to increases in SSC and deposition from all phases of the Proposed Development. 
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Table 4.17 Conclusion of Assessment Against the Conservation Objectives of the Relevant Features of 
the River Dee SAC with Regards to SSC and Deposition During Construction, O&M and 
Decommissioning 

Conservation Objective Assessment Conclusion 

Atlantic salmon 

2a - Maintain the population of 
Atlantic salmon including range of 
genetic types, as a viable component 
of the site 

As per the assessment above, impacts arising from SSC and 
deposition as a result of the Proposed Development (alone 
or in-combination) will not result in a reduction in the 
population of Atlantic Salmon, and therefore there will not 
be AEoSI on the qualifying features for the River Dee SAC. 

2b - Maintain the distribution of 
Atlantic salmon throughout the site 

There is no pathway for effect from SSC and deposition as a 
result of the Proposed Development (alone or in-
combination) on this objective. 
 

2c - Maintain the habitats supporting 
Atlantic salmon within the site and 
availability of food 

Freshwater pearl mussel 

2a - Restore the population of 
freshwater pearl mussel as a viable 
component of the site 

As per the assessment above, impacts arising from SSC and 
deposition as a result of the Proposed Development (alone 
or in-combination) will not result in a reduction in the 
population of freshwater pearl mussel, and therefore there 
will not be AEoSI on the qualifying features for the River 
Dee SAC. 

2b - Restore the distribution of 
freshwater pearl mussel throughout 
the site 

There is no pathway for effect from SSC and deposition as a 
result of the Proposed Development (alone or in-
combination) on this objective. 

2c - Restore the habitats supporting 
freshwater pearl mussel within the 
site and availability of food 

2d - Maintain the distribution and 
viability of freshwater pearl mussel 
host species and their supporting 
habitats 

Impacts to freshwater pearl mussel host species (Atlantic 
salmon) has been assessed above, and therefore there will 
not be AEoSI on the qualifying features for the River Dee 
SAC. 

Direct and Indirect Seabed Disturbance Leading to Release of Sediment Contaminants 

(permanent) 

 This section addresses the potential for AEoSI from effects associated with direct and indirect 

seabed disturbance leading to release of sediment contaminants arising during the 

construction, O&M and decommissioning phases of the Proposed Development on the Atlantic 

salmon and freshwater pearl mussel features of the River Dee SAC. 



  

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 
76 of 89 

 

 The potential for adverse effects in relation to direct and indirect seabed disturbance leading 

to release of sediment contaminants during O&M and decommissioning will be similar to, and 

potentially less than, those outlined in the construction phase. Effectively, the potential for 

effect during O&M and decommissioning would fall within, and be no worse than, the degree 

of effect during construction, with any such decommissioning being subject to the relevant 

licensing requirements at that time. Therefore, the main focus of this assessment is the relation 

to the potential for effects during the construction phase of the Proposed Development. 

Appropriate Assessment Alone 

Atlantic Salmon 

 Construction activities will lead to the resuspension of sediments. Following disturbance as a 

result of construction activities, the majority of re-suspended sediments are expected to be 

deposited in the immediate vicinity of the works. The release of contaminants from the small 

proportion of fine sediments is likely to be rapidly dispersed with the tide and/or currents and 

therefore increased bioavailability resulting in adverse eco-toxicological impacts are not 

expected.  

 Details of the existing contaminant levels within sediments throughout the Project 

Development area are provided in Offshore EIAR, Volume 2, Chapter 8: Marine Water and 

Sediment Quality. The Chapter reveals that none of the contaminants are present in 

concentrations that would significantly affect the surrounding environment. Therefore, 

regardless of the sediment disturbance volume, the low levels of contaminants limit their 

potential for release following sediment disturbance. Therefore, the impact is predicted to be 

of a very slight temporary change to the baseline conditions, of local spatial extent and short-

term duration.  

 Due to their increased mobility, adult fish, including Atlantic salmon, are less likely to be 

affected by marine pollution and are therefore not considered to be vulnerable to the release 

of sediment bound contaminants. However, the eggs and larvae of fish are likely to be 

particularly sensitive, with pollutants having potentially toxic impacts (von Westerhagen, 1988). 

However, the eggs and larvae of Atlantic salmon will not be subject to this impact due to this 

part of the life stage occurring in freshwater, at a significant distance away from the impact. 

Any exposure of adult Atlantic salmon to contaminants will be of a short-term nature, likely 

occurring incidentally during migration.  

 Therefore, due to the transient nature of Atlantic salmon across the sedimentary ZoI, the low 

levels of contaminants, and the short term duration and local spatial extent from the release 

of sediment contaminants from construction, O&M and decommissioning it is considered that 

there is no potential for AEoSI on the Atlantic salmon feature of the River Dee SAC from the 

Proposed Development alone during construction and decommissioning and will not hinder 

the Atlantic salmon conservation objective 2a, and the freshwater pearl mussel (regarding 

Atlantic salmon as the host) conservation objective 2d. Therefore, subject to natural change, 

the population of Atlantic salmon will be maintained in the long-term with respect to release 

of sediment contaminants from construction, O&M and decommissioning.  
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 As there will be no residual impacts on the site or feature, it is no longer considered for in-

combination impacts and is screened out. 

Freshwater Pearl Mussel 

 Given the likely migratory movements of Atlantic salmon across the study area, it is considered 

that any impacts acting on Atlantic salmon would also apply to freshwater pearl mussel, 

including impacts associated with the release of sediment contaminants. 

 Filter-feeding shellfish are considered to be sensitive to marine pollution due to the recognised 

bioaccumulation which occurs within shellfish. Sediment plumes from the Proposed 

Development will not reach freshwater pearl mussel habitat, as such, impacts to freshwater 

pearl mussel may result as an indirect impact to Atlantic salmon, or a direct impact to the 

glochidia whilst attached to gill structures whilst in the marine environment. Regardless of this, 

the existing contaminant levels within sediments throughout the Proposed Development area 

(as shown in Offshore EIAR, Volume 2, Chapter 8: Marine Water and Sediment Quality) are very 

low and not present in concentrations that would significantly affect the surrounding 

environment or lead to toxicological or biological impacts to either the Atlantic salmon hosts, 

or the glochidia directly. 

 Therefore, due to the transient nature of freshwater pearl mussel across the study area, being 

reliant on Atlantic salmon to pass through the location for there to be any potential effect, the 

low levels of contaminants, and the short term duration and local spatial extent from the 

release of sediment contaminants from construction, O&M and decommissioning it is 

considered that there is no potential for AEoSI on the freshwater pearl mussel feature of the 

River Dee SAC from the Proposed Development alone during construction, O&M and 

decommissioning and will not hinder the freshwater pearl mussel conservation objective 2d 

(regarding Atlantic salmon as the host). Therefore, subject to natural change, the population of 

freshwater pearl mussel will be maintained in the long-term with respect to release of sediment 

contaminants from construction, O&M and decommissioning.  

 As there will be no residual impacts on the site or feature, it is no longer considered for in-

combination impacts and is screened out. 

CONCLUSION 

 A summary of the conclusion of assessment against the conservation objectives of the relevant 

features of the River Dee SAC with regards to sediment contaminants during construction, 

O&M, and decommissioning is shown in Table 4.18 below. 
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 Due to the highly mobile and transient nature of Atlantic salmon (and subsequently freshwater 

pearl mussel) across the study area, the low level of contaminants, short term duration and 

local spatial extent from the release of sediment contaminants from construction and 

decommissioning, it is therefore considered that, there is no potential for AEoSI to the Atlantic 

salmon and freshwater pearl mussel Qualifying Features of the River Dee SAC from the 

Proposed Development alone or in-combination during construction, O&M and 

decommissioning and will not hinder the Atlantic salmon conservation objective 2a, and the 

freshwater pearl mussel conservation objective 2a and 2d. Therefore, subject to natural 

change, the population of Atlantic salmon and freshwater pearl mussel will be maintained in 

the long-term with respect to the release of sediment contaminants from construction and 

decommissioning from the Proposed Development.  

Table 4.18 Conclusion of Assessment Against the Conservation Objectives of the Relevant Features of 
the River Dee SAC with Regards to Sediment Contaminants During Construction, O&M and 
Decommissioning 

Conservation Objective Assessment Conclusion 

Atlantic salmon 

2a - Maintain the population of 
Atlantic salmon including range of 
genetic types, as a viable component 
of the site 

As per the assessment above, impacts arising from the 
release of sediment contaminants as a result of the 
Proposed Development (alone or in-combination) will not 
result in a reduction in the population of Atlantic Salmon, 
and therefore there will not be AEoSI on the qualifying 
features for the River Dee SAC. 

2b - Maintain the distribution of 
Atlantic salmon throughout the site 

There is no pathway for effect from sediment 
contaminants as a result of the Proposed Development 
(alone or in-combination) on this objective. 
 

2c - Maintain the habitats supporting 
Atlantic salmon within the site and 
availability of food 

Freshwater pearl mussel 

2a - Restore the population of 
freshwater pearl mussel as a viable 
component of the site 

As per the assessment above, impacts arising from the 
release of sediment contaminants as a result of the 
Proposed Development (alone or in-combination) will not 
result in a reduction in the population of freshwater pearl 
mussel, and therefore there will not be AEoSI on the 
qualifying features for the River Dee SAC. 

2b - Restore the distribution of 
freshwater pearl mussel throughout 
the site 

There is no pathway for effect from sediment 
contaminants as a result of the Proposed Development 
(alone or in-combination) on this objective. 

2c - Restore the habitats supporting 
freshwater pearl mussel within the 
site and availability of food 

2d - Maintain the distribution and 
viability of freshwater pearl mussel 
host species and their supporting 
habitats 

Impacts to freshwater pearl mussel host species (Atlantic 
salmon) has been assessed above, and therefore there will 
not be AEoSI on the qualifying features for the River Dee 
SAC. 
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Electromagnetic Field Effects arising from Cables (permanent) 

 This section addresses the potential for AEoSI from effects associated with EMF effects arising 

from cables during the O&M phase of the Proposed Development on the Atlantic salmon and 

freshwater pearl mussel features of the River Dee SAC. 

Appropriate Assessment Alone 

Atlantic Salmon 

 As shown in Table 4.10, EMFs will result from operation of up to 300 km of IAC’s and inter-link 

cables, and up to 580 km of OTCs, resulting in a maximum total cable length of 880 km. Three 

different EMF types can be generated by offshore wind cables: electric fields (E fields); 

magnetic fields (B fields); and induced electric fields (E fields). Industry standard offshore wind 

cables all contain shielding which prevents E fields from passing into the marine environment 

and as such, these are not considered any further. 

 Atlantic salmon contain magnetically sensitive material within their skeletal structure, which 

they use as a navigational tool for migration (Walker et al., 2006; Tricas and Gill, 2011). If their 

migration routes cross offshore wind farm cable routes, there is potential for the EMFs from 

cables to affect their behaviour, especially in shallow waters less than 20 meters deep (Gill et 

al. 2012). This could lead to avoidance behaviour, delaying their migration. There have been 

suggestions (Gill and Kimber, 2005) that the presence of magnetic fields generated by cables 

may interrupt navigation and consequently migration. Diadromous species are known to be 

sensitive to electromagnetic forces and may be receptive to man-made EMFs that fall within 

the range of natural geomagnetic fields, which range from around 25 to 65 microteslas globally 

(Hutchison et al, 2020). However, a study concluded Atlantic salmon showed no identifiable 

behavioural response to magnetic fields up to 95 microteslas (Armstrong et al., 2012). It should 

be noted that studies on EMF effects on migratory fish have shown varying results, so the 

extent of EMF impacts is currently unclear (Gill and Bartlett, 2010). Although, most migrating 

salmon swim in the top 5 m of the water column (Godfrey et al., 2014), so they would not likely 

encounter EMFs from buried cables on the seabed but could be exposed to those in the water 

column.  Burial of the cables and protection with cable protection where shallow buried or 

surface laid will not reduce the strength of the fields, however, it moves the cables further from 

where Atlantic salmon will be present, and as such will be subject to reduced field strengths.  
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 The floating foundations for the wind turbines will likely be deeper than 5 m, so depending on 

how the cables connect to the foundations, migratory fish could potentially encounter EMFs 

from these cable sections when swimming in the upper part of the water column. While the 

suspended IACs have a reduced buffer compared to buried cables, the higher exposure is 

limited to a relatively small cylindrical area around the cables, typically within 1 m radius. This 

higher exposure zone comprises a small portion of the overall three-dimensional marine 

environment. Furthermore, the EMF values reported for buried cables are generally measured 

at 1 m above the cable, which may overestimate the exposure levels experienced by most 

marine organisms in the water column. Therefore, while the suspended cables present a 

slightly higher exposure risk compared to buried cables within this localised area, the overall 

magnitude of the impact is still considered low when taking into account the spatial extent and 

the actual exposure levels experienced by marine organisms in the broader marine 

environment.  

 Despite EMF being emitted throughout the life cycle of the Proposed Development, measures 

will be implemented to mitigate exposure to EMF emissions from the Proposed Development 

as appropriate (Table 4.11). These measures will include cable burial and/or the 

implementation of cable protection measures. These actions will be carried out in accordance 

with management plans, including the CaP, to reduce the impact of EMF emissions on 

surrounding environments and organisms. In instances where cables cannot be buried, as such 

with suspended IACs between WTGs, regular monitoring of the IAC for deterioration allows for 

early detection and repair of any damage, maintaining the cable shielding and reducing the 

duration and extent of EMF emission.  

 Atlantic salmon are highly mobile and able to flee from disturbance and are therefore 

considered to be fleeing receptors. They are potentially transient across the Proposed 

Development during their migration but will not likely remain in the nearfield area for an 

extended period of time. It is considered that given the habitat range available for Atlantic 

salmon migration, and their highly mobile nature there is no potential for a significant 

interaction between migrating individuals and the EMF effects caused by the Proposed 

Development. 

 Therefore, due to the highly mobile and potentially transient nature of Atlantic salmon across 

the study area, the comparatively localised impact ranges from EMF effects (<10 m) compared 

to the available habitat and the distance to the site (6 km to the OTC Corridor), it is considered 

that there is no potential for AEoSI on the Atlantic salmon feature of the River Dee SAC from 

the Proposed Development alone during O&M and will not hinder the Atlantic salmon 

conservation objective 2a, and the freshwater pearl mussel (regarding Atlantic salmon as the 

host) conservation objective 2d. Therefore, subject to natural change, the population of 

freshwater pearl mussel will be maintained in the long-term with respect to EMF from O&M 

from the Proposed Development.  

 As there will be no residual impacts on the SAC or Qualifying Feature, it is no longer considered 

for in-combination impacts and is screened out.
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Freshwater Pearl Mussel 

 As shown in Table 4.10, EMFs will result from operation of up to 300 km of IAC and inter-link 

cables, and up to 580 km of OTCs.  

 Despite EMF being emitted throughout the life cycle of the Proposed Development, measures 

will be implemented to mitigate exposure to EMF emissions from the Proposed Development 

(Table 4.11). These measures will include cable burial and/or the implementation of cable 

protection measures. These actions will be carried out in accordance with management plans, 

including the CaP, to reduce the impact of EMF emissions on surrounding environments and 

organisms. In instances where cables cannot be buried, as such with suspended IACs between 

WTGs, regularly monitoring the IAC for deterioration allows for early detection and repair of 

any damage, maintaining the cable shielding and reducing the duration and extent of EMF 

emission.  

 There is limited current research regarding the effects of EMF on marine invertebrates, 

including shellfish, although some studies show minimal or no impacts from exposure to EMFs 

(Albert et al., 2020; Hutchison et al., 2020; Scott et al., 2021). There is no direct research of the 

effects of EMF on freshwater pearl mussel and therefore it is assumed that that freshwater 

pearl mussels exhibit a similar sensitivity to other marine invertebrates which show minimal to 

no impacts associated with EMF effects. Therefore, due to the potentially transient nature of 

freshwater pearl mussel across the study area, being reliant on Atlantic salmon to pass through 

the location for there to be any potential effect, the comparatively localised impact ranges from 

EMF effects (<10m) compared to the available habitat and the distance to the site (6 km to the 

OTC Corridor), it is considered that there is no potential for AEoSI on the freshwater pearl 

mussel feature of the River Dee SAC from the Proposed Development alone during O&M and 

will not hinder the freshwater pearl mussel conservation objective 2d (regarding Atlantic 

salmon as the host). Therefore, subject to natural change, the population of freshwater pearl 

mussel will be maintained in the long-term with respect to EMF from O&M from the Proposed 

Development.  

 As there will be no residual impacts on the SAC or Qualifying Feature, it is no longer considered 

for in-combination impacts and is screened out. 

Conclusion 

 A summary of the conclusion of assessment against the conservation objectives of the relevant 

features of the River Dee SAC with regards to EMF effects during O&M is shown in Table 4.19 

below. 
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 Due to the low sensitivity and nature of Atlantic salmon (and subsequently freshwater pearl 

mussel) across the study area, and the localised impact range from EMF effects during O&M, it 

is therefore considered that, there is no potential for AEoSI to the Atlantic salmon and 

freshwater pearl mussel Qualifying Features of the River Dee SAC from the Proposed 

Development alone or in-combination during O&M and will not hinder the Atlantic salmon 

conservation objective 2a, and the freshwater pearl mussel conservation objective 2a and 2d. 

Therefore, subject to natural change, the population of Atlantic salmon and freshwater pearl 

mussel will be maintained in the long-term with respect to EMF effects from O&M from the 

Proposed Development.  

Table 4.19 Conclusion of Assessment against the Conservation Objectives of the Relevant Features of 
the River Dee SAC with regards to EMF Effects during O&M 

Conservation Objective Assessment Conclusion 

Atlantic salmon 

2a - Maintain the population of 
Atlantic salmon including range of 
genetic types, as a viable component 
of the site 

As per the assessment above, impacts arising from EMF 
effects as a result of the Proposed Development (alone or 
in-combination) will not result in a reduction in the 
population of Atlantic Salmon, and therefore there will not 
be AEoSI on the qualifying features for the River Dee SAC. 

2b - Maintain the distribution of 
Atlantic salmon throughout the site 

There is no pathway for effect from EMF as a result of the 
Proposed Development (alone or in-combination) on this 
objective. 2c - Maintain the habitats supporting 

Atlantic salmon within the site and 
availability of food 

Freshwater pearl mussel 

2a - Restore the population of 
freshwater pearl mussel as a viable 
component of the site 

As per the assessment above, impacts arising from EMF 
effects as a result of the Proposed Development (alone or 
in-combination) will not result in a reduction in the 
population of freshwater pearl mussel, and therefore there 
will not be AEoSI on the qualifying features for the River 
Dee SAC. 

2b - Restore the distribution of 
freshwater pearl mussel throughout 
the site 

There is no pathway for effect from EMF as a result of the 
Proposed Development (alone or in-combination) on this 
objective. 

2c - Restore the habitats supporting 
freshwater pearl mussel within the 
site and availability of food 

2d - Maintain the distribution and 
viability of freshwater pearl mussel 
host species and their supporting 
habitats 

Impacts to freshwater pearl mussel host species (Atlantic 
salmon) has been assessed above, and therefore there will 
not be AEoSI on the qualifying features for the River Dee 
SAC. 
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