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Deeps’ and geodiversity features of the Southern Trench MPA which are considered to have 

negligible sensitivity to the proposed activities based on the following conservation advice; 

• Shelf Deeps – “Shelf deeps are considered to be robust, entirely natural in origin and are 

not considered to be at high risk of significant damage from human activity” (NatureScot, 

2020). These features are therefore scoped out of the MPA assessment. 

• Quaternary of Scotland – “Subglacial tunnel valleys are highly resistant to human 

activities (having been formed in bedrock by erosion under ice sheets) and are either 

considered not sensitive or to have a low sensitivity to pressures arising from human 

activities.” And “Moraines are relict features that are composed of glacial till. Their 

resistance to erosion is highly variable and depends upon the composition and level of 

consolidation of the till. Overall, moraines are considered to have a medium sensitivity to 

sub-surface abrasion and changes in tidal flow, and a high sensitivity to physical 

removal.” (NatureScot, 2020).  With consideration that there is no physical overlap with 

the feature and the Proposed Development (as per Figure 3-1), there will be no potential 

for physical removal of the features, and the proposed activities will not result in abrasion 

or changes in tidal flow, this feature is therefore scoped out of the MPA assessment. 

• Submarine Mass Movement – “In the vast majority of instances, most pressures 

associated with human activity in the marine environment will not be sufficient to impact 

geological and geomorphological seabed features (Brooks, 2013). This feature, which 

formed in bedrock and sediments after the ice sheet had melted, is generally resistant. 

However as a relic of past processes, it has no resilience. It is considered to have a 

medium sensitivity to physical removal and to any activities that could cause obscuring 

(ABPmer, 2009).” (NatureScot, 2020). With consideration that there is no physical 

overlap with the feature and the Proposed Development (as per Figure 3-1), there will be 

no potential for physical removal of the features, and the proposed activities will not result 

in the obscuring of the feature. Therefore, this feature is scoped out of the MPA 

assessment.  
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4. PROPOSED DEVELOPMENT OVERVIEW 

4.1. LOCATION 

4.1.1. The Proposed Development will be located in the North Sea, with the Array Area situated 

approximately 63 km due east of the Peterhead coastline, detailed in Figure 1-1. As described 

in Volume 1, Chapter 1 (Introduction), the Proposed Development was successfully awarded 

an Option Agreement granting exclusive rights to develop an Offshore Wind Farm (OWF) 

within the area of the Proposed Development. The operational lifetime of the Proposed 

Development is 35 years. 

4.1.2. A baseline geophysical survey was undertaken across the Array Area in 2023, providing 

geophysical and bathymetric data (see Volume 3, Appendix 9.1 (Offshore Environmental 

Baseline Survey Reports)). Across the Array Area, the water depths are between 62.0 m and 

97.7 m below Lowest Astronomical Tide (LAT). A maximum seabed depth is recorded in the 

north-eastern corner of the Array Area and the shallowest area is observed in the south-

eastern corner of the Array Area. The average seabed depth across the Array Area is 79.9 m 

below LAT.  

4.1.3. The ECC has an average water depth of 88.4 m below LAT. A maximum water depth of 

118.8 m below LAT is recorded at the Buchan Deep1.  

4.1.4. Further details of the bathymetry and a description of the seabed composition at the Proposed 

Development Array Area are presented within Volume 2, Chapter 7 (Marine and Coastal 

Processes). 

4.2. DESCRIPTION 

4.2.1. The Developer has adopted a design envelope approach to impact assessment (also known 

as a ‘Rochdale Envelope’). In line with guidance from the Scottish Government (2022), the 

design envelope approach offers flexibility in the assessment process by enabling the impact 

assessments to be carried out against several potential design options.  

4.2.2. The MPA Assessment Report has been undertaken with respect to the details provided in 

Volume 1, Chapter 3 (Project Description). The worst case design scenario has been 

considered for each impact to accurately assess the potential effects of the Proposed 

Development on the protected sites. Tables within each assessment detail the Worst Case 

Scenario (WCS) for each relevant receptor group. For clarity a brief summary of the Proposed 

Development is provided below, with further detail present in Volume 1, Chapter 3 (Project 

Description).  

4.2.3. The Proposed Development is split into three distinct areas: 

• OWF Array Area (200 km2): This is the offshore energy generation site, where the 

following key infrastructure is located: 

– Up to 67 WTGs; 

– Up to 67 WTG floating foundations, including their anchors & mooring lines; 

– Up to 250 km of Inter-Array Cables (IAC), which connect the individual WTGs to 

each other and then to the OEP(s); and 

– Up to two OEP(s), where the IAC transition to the export cables. It is envisaged that 

a single interconnector cable of up to 3 km in length may connect the OEP(s). 

 
1 Buchan Deeps is a bathymetric feature located off the coast of Aberdeenshire, Scotland. It is an enclosed topographic 

depression on the seabed, formed primarily by glacial erosion during periods of lower sea levels. 
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seabed integrity, preventing scour and erosion of the seabed avoiding, where possible, 

sensitive habits which may be of importance to benthic receptors. Adherence to plans like the 

Cable Plan (CaP) (C-02) and micrositing (C-34) will ensure that installation, routing, and 

construction are optimised to minimise disruption to sensitive habitats. Environmental 

management (C-08) further prevents pollution. 

Table 4-1 Embedded commitment measures of relevance to benthic receptors  

Code   Commitment   Type 
(Primary, 

Secondary or 
Tertiary) 

How Commitment 
Secured   

C-01   Scour protection to be installed around 
seabed infrastructure where there is the 
potential for scour to develop.    

Tertiary Cable Plan (CaP)   

Construction Method 
Statement (CMS).  

As considered in the 
assessment of Physical 
Habitat Loss/Disturbance 
(para 5.2.37 et seq) 

C-02   Development of and adherence to a CaP. 
The CaP will confirm planned cable routing, 
installation methods, cable specifications 
and any additional protection and any post-
installation monitoring.    

Tertiary CaP 

As considered in the 
assessment of Physical 
Habitat Loss/Disturbance 
(para 5.2.37 et seq) 

C-04 The infrastructure will be designed in such 
a way to minimise the impacts and will be 
within the key parameters set out in the EIA 
Project Description and EIAR. 

Primary Development 
Specification and Layout 
Plan (DSLP) 

C-08   Development of and adherence to an 
Environmental Management Plan (EMP). 
This will set out mitigation measures and 
procedures relevant to environmental 
management, including but not limited to 
chemical usage, invasive and non-native 
species (including production of, and 
adherence to, an Invasive Non-Native 
Species (INNS) plan), pollution prevention 
and waste management.   

Tertiary EMP  

As considered in the 
assessment of Direct and 
Indirect Seabed 
Disturbance Leading to 
Release of Sediment 
Contaminants (para 
5.2.44 et seq) and 
Invasive Non-Native 
Species (para 5.2.49 et 
seq.) 

C-29   Where practicable, cable burial will be the 
preferred means of cable protection. Cable 
burial will be informed by the Cable Burial 
Risk Assessment (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 CaP 

As considered in the 
assessment of Physical 
Habitat Loss/Disturbance 
(para 5.2.37 et seq) 

C-34   Offshore infrastructure will be microsited 
and the cable will be microrouted, where 
reasonably practicable and where required 
(to an extent not resulting in a hazard for 
marine traffic and Search & Rescue 
capability), around any sensitive seabed 
habitats including Burrowed Mud habitat (if 
present). The location of potential 
Burrowed Mud habitat has been 
determined from site characterisation 
surveys and will be informed further via 

Primary DSLP  

EMP. 

As considered in the 
assessment of Physical 
Habitat Loss/Disturbance 
(para 5.2.37 et seq) 
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Code  Commitment Type 
(Primary, 

Secondary or 
Tertiary) 

How Commitment 
Secured 

pre-construction surveys. 

MARINE MAMMAL COMMITMENTS 

4.3.3. As part of the Proposed Development design process, several incorporated/ embedded 

measures have been proposed to avoid and reduce the potential for impacts on environmental 

receptors. As there is a commitment to implementing these measures, they are considered 

inherently part of the design of the Proposed Development and 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 embedded commitments relevant to marine 

mammals are presented in Table 4-2. Volume 3 Appendix 6.1 (Commitments Register) 

provides additional information on how these commitments are secured. 

4.3.4. The embedded commitments (C-05, C-06, C-08, C-09, C-10, C-14, C-15, C-31, C-35, C-37, 

C-38 and C-40) collectively aim to mitigate the impact of the Proposed Development on

marine mammal receptors. Commitments such as the development and adherence to a

MMMP (C-15) will help to reduce the risk of auditory injury to marine mammals during

geophysical survey activities, UXO clearance and piling. Adherence to the Vessel

Management Plan (VMP) (C-10) and the guidelines laid out in the Scottish Marine Wildlife

Watching Code (C-35) will assist with mitigating the risk of vessel collision and disturbance.

Environmental management (C-08) further prevents pollution, while a Decommissioning

Programme (DP) (C-09) ensures long-term prevention of the environment, including marine

mammal habitats post-project.

Table 4-2 Embedded commitments of relevance to marine mammal receptors 

Code Commitment Type (Primary, 
Secondary or 
Tertiary) 

How Commitment 
Secured 

C-04 The infrastructure will be designed in such 
a way to minimise the impacts and will be 
within the key parameters set out in the 
EIA Project Description and EIAR. 

Primary DSLP 

C-05 Development of a CMS. This will detail 
the construction procedures (including 
piling), good working practices for 
constructing the works, and how the 
construction-related mitigation steps are 
to be delivered. 

Tertiary CMS 

C-06 Development of and adherence to a 
Construction Programme (CoP). This will 
detail the timeline and duration of the 
primary construction and commissioning 
activities. 

Tertiary CoP 

C-08 Development of and adherence to an 
EMP. 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 EMP 

C-09 Development of and adherence to a DP. Tertiary DP 
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FISH AND SHELLFISH COMMITMENTS 

4.3.7. As part of the Proposed Development design process, several designed-in measures have 

been proposed to reduce the potential for impacts on environmental receptors. As there is a 

commitment to implementing these measures, they are considered inherently part of the 

design of the Proposed Development and 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 embedded commitments relevant to Fish and Shellfish Ecology are 

presented in Table 4-4. Volume 3, Appendix 6.1 (Commitments Register), provides additional 

information on how these commitments are secured. 

4.3.8. The embedded commitments (C-01, C-02, C-05, C-08, C-09, C-14, C-15, C-29, C-31, C-37 

and C39) collectively aim to mitigate the impact of the Proposed Development on fish and 

shellfish receptors. Commitments such as scour protection (C-01) and cable burial (C-29) 

safeguard seabed integrity, preventing scour and erosion of the seabed avoiding, where 

possible sensitive habitats which may be of importance to fish. Adherence to plans like the 

CaP (C-02) and CMS (C-05) ensures that installation, routing, and sensitive habitats and 

consider piling activities that may disturb fish and shellfish. Environmental management (C-

08) further prevents pollution, while decommissioning (C-09) ensures long-term preservation 

of the environment, including fish and shellfish habitats post-project. UXO removal (C-31) 

considers the need to minimize noise creation by prioritising low-order deflagration which will 

reduce potential noise impacts to fish. Entanglement Management Plan (C-37) will benefit 

both larger fish species, including migratory fish, whilst (C-39) avoids direct disturbance within 

the Turbot Bank NC MPA. 

Table 4-4 Embedded commitment measures of relevance to Fish and Shellfish receptors  

Code Commitment Type 
(Primary, 

Secondary or 
Tertiary) 

How Commitment Secured 

C-05 Development of a CMS. This will detail 
the construction procedures (including 
piling), good working practices for 
constructing the works, and how the 
construction-related mitigation steps are 
to be delivered. 

Tertiary CMS 

 

As considered in the 
assessment of underwater 
noise impacts of mortality, 
injury behavioural impacts 

and auditory masking (para 
5.3.33 et seq) 

C-14 Development of and adherence to a 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 ADDs) during piling to 
manage the impacts of UWN on 
sensitive receptors. 

Tertiary PS 

 

As considered in the 
assessment of underwater 
noise impacts of mortality, 
injury behavioural impacts 

and auditory masking (para 
5.3.33 et seq) 

C-15 Development of and adherence to 
MMMP. This will identify appropriate 
mitigation measures during offshore 
activities that are likely to produce UWN 
and vibration levels capable of 
potentially causing injury or disturbance 
to marine mammals. This will be 
developed alongside the PS and 
referred to in EPS license applications. 

Tertiary MMMP 

 

As considered in the 
assessment of underwater 
noise impacts of mortality, 
injury behavioural impacts 

and auditory masking (para 
5.3.33 et seq) 
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5. STAGE 2: ASSESSMENT OF EFFECTS ON SITE 

CONSERVATION OBJECTIVES ALONE 

5.1. INTRODUCTION 

5.1.1. This section provides the assessment of the risk that the Proposed Development will hinder 

the achievement of the site COs alone. 

5.2. SOUTHERN TRENCH MPA 

BENTHIC ASSESSMENT – BURROWED MUD 

BASELINE 

5.2.1. Much of the Southern Trench MPA is covered by thick, soft mud, which comprises burrowed 

mud habitat which is a protected feature of the MPA. These muds are inhabited by the Norway 

lobster N. norvegicus, crabs, sea pens, and tube anemones (NatureScot, 2020b). Burrowed 

mud habitat is predominantly confined to the western region of the MPA (Figure 5-1).  

5.2.2. Burrowed mud is listed under Scotland’s Priority Marine Features (PMFs) and is an Oslo and 

Paris Commission (OSPAR) Threatened and/or Declining Habitat (‘sea-pens and burrowing 

megafauna communities’) (NatureScot, 2020a). 

5.2.3. Burrowed mud habitat is characterised by stable fine muddy substrates supporting burrowing 

infauna with sediments ranging from muddy sands to fine, clay-dominated muds. It is typically 

found in areas of full salinity, sheltered from wave exposure and with weak or extremely weak 

tidal currents (Hughes, 1998). 

5.2.4. The burrowing megafauna characteristic of burrowed mud communities such as Norway 

lobster (Nephrops norvegicus), fireworks anemone (Pachycerianthus multiplicatus) and sea 

pens including (Virgularia mirabilis, Pennatula. phosphorea and Funiculina quadrangularis) 

are important bioturbators of the sediment they inhabit. The burrowing activity creates a three-

dimensional structure of burrows which increases the structural complexity and depth of 

oxygen penetration into the sediments. This enhances the survival of smaller species which 

can live in the burrows and increases biodiversity in what would otherwise be a generally low 

diversity habitat (Hughes 1998, Widdicombe et al., 2004). 

5.2.5. Burrowed mud has previously been recorded within the boundary of the Southern Trench 

MPA during N. norvegicus fishery survey work undertaken by Marine Scotland (Allan et al., 

2012) and targeted nature conservation surveys (Hirst et al., 2012; Moore 2017). 

5.2.6. The burrowed mud feature within the Southern Trench MPA is located along the outer Moray 

coast at depths of between 70 -188 m and is estimated to cover an area of approximately 225 

km2 (Hirst et al., 2012), with the habitat found in, and around the trench feature (Axelsson et 

al., 2017; Moore et al., 2017, 2019).  

5.2.7. A survey undertaken in 2017 (Moore, 2019) observed predominantly muddy substrate in the 

western half of the MPA which are typically heavily bioturbated by burrowing megafauna such 

as the decapod crustaceans N. norvegicus and Calocaris macandreae, while the 

phosphorescent sea pen Pennatula phosphorea also frequent. This community is 

characteristic of the biotope ‘Seapens and burrowing megafauna in Atlantic circalittoral fine 

mud’ (SS.SMu.CFiMu.SpnMeg / EUNIS Code MC6216) (Figure 5-2).  

5.2.8. This distribution pattern for the burrowed mud feature is supported by the Data Confidence 

Assessment for the Southern Trench MPA undertaken by NatureScot, (2020d) (Figure 5-1). 
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Table 5-1 Worst Case Design Scenarios with Respect to the Burrowed Mud Feature of the Southern Trench MPA. 

Impact Worst Case Design Scenario Justification 

Construction 

Impact 1: Increases in 
Suspended Sediment 
Concentrations (SSCs) 
and changes to seabed 
levels. 

Total Suspended Sediment Concentration (SSC) released because of construction activities 
= 12,718,023 m3 

Foundation installation (without drilling) = 6,030,000 m3 
WTGs: 

• Maximum sediment disturbance volume from 67 WTGs using drag embedded anchors
with nine anchors per foundation (603 anchors total * 200 m drag * 50 m target box =
6,030,000 m3

Foundation with drilling = 478,782 m3 
WTGs:  

• Anchor piles with a maximum diameter of 4 m to be drilled to a depth of 60 m below the
seabed = 754 m3 of drill arisings per pile

• Maximum volume of drill arisings from 67 floating WTGs using piled anchors with nine
anchors per foundation (603 anchors total) = 454,662 m3

OEP(s): 

• Piled foundations for two jacket foundation OEP(s) with a maximum pile diameter of 4 m to
be drilled to a depth of 80 m below the seabed = 1,005 m3 of drill arisings per pile

• Maximum volume of drill arisings from two OEP(s) with piled foundations for each OEP
having 2 piles per jacket leg and 6 jacket legs 12 piles total per OEP = 24,120 m3

Cable Installation = 1,432,800 m3 

Inter-array cables 

• Inter-array cable installation method = Jetting

• Total IAC length = 250 km

• IAC cable seabed width = 3 m

• IAC cable burial depth = 2 m

• IAC trench cross sectional area = 6 m2

• Assuming 30% of material is forced into suspension in the water column

• Maximum sediment disturbance volume = 250,000 m x 6 m2 = 1,500,000 m2  x 0.3 (spill
factor) = 450,000 m3

• Assumed maximum installation rate of up to 700 m/hr.

OEP Interconnector Cable 

• Interconnector cable installation method = Jetting

• Total length of Interconnector cable = 3 km

• Interconnector cable seabed width = 3 m

• Interconnector cable burial depth = 4 m (excludes burial in sandwaves of up to 20 m)

• Interconnector cable trench cross sectional area = 12 m2

• Assuming 30% of material is forced into suspension in the water column

• Maximum sediment disturbance volume = 3,000 m x 12 m2 = 36,000 m2 x 0.3 (spill factor) =
10,800 m3

• Assumed maximum installation rate of up to 700 m/hr.

Export cables 

• Export cable installation method = Jetting

• Total length of three export cables = 270 km, each up to 90 km in length from Array Area to
landfall

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 seabed, where the worst case design scenario is a 
representation of maximum deposit thickness, maximum footprint extent or likely duration. 

Seabed preparation prior to foundation installation 

Seabed preparation works, including boulder clearance, would be required prior to installation of certain 
foundation types. The use of a PLGR is considered to be the realistic worst case option for sediment 
disturbance. 

Foundation installation (without drilling) 

The installation of certain anchoring options will result in the release of disturbed sediments. The greatest 
sediment release is anticipated to be from the installation of drag-embedded anchors, although the impact of 
potential sediment plumes is expected to be of relatively short duration and in close proximity to the seabed. 

Drilling as part of foundation installation 

Of the anchoring options under consideration, the greatest sediment release is anticipated to be from the 
drilling of anchor piles. While some of the other options could result in the release of large sediment volumes 
(for example drag embedded anchors), the impact of these is expected to be of relatively short duration and 
in close proximity to the bed. Drilling has the potential to release larger volumes of relatively finer sediment 
as a result of the site geology. 

Cable Installation 

Cable installation may require some combination of 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 500 m/hr and maximum trenching rate of 
700 m/hr representing the highest release rate of sediments and where operations are undertaken in locations 
with the high proportions of fine sediment. 

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. Accordingly, the total drilling fluid loss = 75 m3 
(three conduits, 25 m3 per conduit). 
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Impact Worst Case Design Scenario Justification 

• Maximum 12 piles per platform 

• Maximum pile diameter 5 m  

• Maximum hammer energy of 3,200 kJ 

• Maximum number of piles installed in 24 hours = six 

• More likely number of piles installed in 24 hours = four. 

• Maximum number of piling days = 24 

• Concurrent piling of OEP with single anchor location 

 

Total duration of piling = 151 days (WTGs) + 24 (OEP(s) = 175 days 

OEP piling: May to Aug 2030 

Anchor piling: Mar to Oct 2029, 2030, and 2031  

PTS from 
other 
construction 
noise 

Other construction noise producing activities considered include:  

• cable plough; 

• cable laying (EC / Interconnector / IAC); 

• jet trencher; 

• mechanical trenching; 

• drilling; and 

• rock placement 

 

Construction will take place over approximately four years (2029 to 2032). 

Construction methods and duration of construction activities 
represent the maximum potential for UWN impacts.  

Operational and Maintenance 

Primary, 
secondary 
and tertiary 
entanglement 

Mooring parameters: 

• Maximum nine mooring lines per WTG for all mooring arrangement 
options (maximum 804 mooring lines total where tension lines are 
used, 603 mooring lines where catenary, semi-taut or taut lines are 
used) 

• Maximum mooring line radius = 1,500 m (except for tension morning 
lines: 200 m) 

• Maximum mooring line length 1,600 m for catenary (1550 m for 
semi-taut, 1500 m for taut and less than 200 m for tension lines) 

• Total maximum lateral cross-section of the mooring system in the 
water column: 10,800 m2 x 67 WTGs = 723,600 m2 

• Mooring lines material: chain, wire, synthetic rope or combination 

The maximum spatial extent, dimensions and design of the 
mooring lines and inter-array cables represent the maximum 
potential for entanglement.  
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• Removal/ relocation;

• Primary clearance method: Low-order clearance (deflagration);

• Last resort clearance method: High-order detonation.

5.2.81. Recent advancements in the commercial availability of methods for UXO clearance mean that 

high-order detonation may be largely or completely avoided (Abad Oliva et al., 2024), however 

an assessment is provided for high-order clearance as it remains the worst case (last resort) 

design scenario in the event that low-order clearance fails or is inappropriate. 

5.2.82. The maximum PTS-onset impact range for high-order clearance was predicted to be 11 km 

(SELss) which would impact an area of 12.99% of the MPA (Table 5-11). This is assuming 

UXO are cleared within the most central section of offshore ECC which overlaps with the 

Southern Trench MPA. For low-order clearance in the same location, the maximum PTS-

onset impact range was predicted to be 230 m (SELss) which would impact an area of <0.01% 

of the MPA (Table 5-11). 

Table 5-11 Auditory injury from UXO clearance within the most central section of ECC which overlaps with the 
Southern Trench MPA 

Charge weight (kg) Metric Impact range (km) Effects within the MPA 

Overlap (km2) % MPA Area 

0.25 kg SPLpeak 0.17 0.09 <0.01 

SELss 0.23 0.17 0.01 

750 kg (+ donor) SPLpeak 2.50 19.63 0.77 

SELss 11.0 329.31 12.99 

5.2.83. The Developer has committed to implementing a UXO-specific MMMP (C-31 of Table 4-2). 

Although the exact mitigation measures contained with the final MMMP are yet to be 

determined, there is high confidence that the impact of auditory injury can be mitigated. 

5.2.84. Considering the above, no auditory injury to minke whales within the MPA is expected from 

UXO clearance taking place within the MPA (along the offshore ECC) or outside of the MPA 

(in the Array Area).  

AUDITORY INJURY (PTS) FROM PILING 

5.2.85. Two different piling foundation types shall be installed at the Proposed Development. These 

include anchor piles for the floating WTG foundations, and jacket piles for the OEP. Two 

modelling locations were selected for piling of anchors, at the Northeast (NE) and Southwest 

(SW) of the Array Area, whilst a modelling location placed centrally within the Array Area was 

modelled for piling of jacket piles for the OEP. 

5.2.86. The maximum instantaneous PTS-onset range for minke whales is <50 m for piling of jacket 

or anchor piles (Table 5-12). These ranges do not overlap with the Southern Trench MPA. 

5.2.87. The maximum cumulative PTS impact was predicted to cover an area of 8,500 km2 (Table 

5-12). None of the PTS-onset impact areas overlap with the Southern Trench MPA.

Table 5-12 Auditory injury from piling of anchors at the NE and SW modelling locations, and piling of jacket piles at 
the OSS 

Metric Foundation Type Impact area (km2) Maximum impact 
range (km) 

Effects within the MPA 

Overlap (km2) % MPA 
Area 

SPLpeak 
Anchors (NE) < 0.01 <0.05 0.00 0.00 

Anchors (SW) < 0.01 <0.05 0.00 0.00 

Jackets OEP(s) 0.01 <0.05 0.00 0.00 
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DISTURBANCE FROM OTHER CONSTRUCTION ACTIVITIES 

5.2.110. Trenching and cable laying activities to create the offshore ECC during the construction phase 

will overlap the MPA site boundaries. These activities all introduce continuous noise into the 

marine environment of similar characteristics; studies of baleen whale responses to drilling 

and dredging noise are most prevalent and provide a reasonable proxy for other noise-

generating construction activities.  

5.2.111. In northwest Ireland, dredging activities have been linked to reduced minke whale presence 

(Culloch et al., 2016), whilst the distances between minke whale sightings and active 

construction sites increased and relative abundance decreased during dredging and blasting 

activities in Newfoundland (Borggaard et al., 1999). Information on the disturbance effects of 

drilling is limited and the majority of the research available was conducted more than 20 years 

ago and is focused on baleen whales (Sinclair et al., 2023). For example, drilling and dredging 

playback experiments observed that 50% of bowhead whales exposed to noise levels of 115 

dB re 1 μPa exhibited some form of response, including changes to calling, foraging and dive 

patterns (Richardson and Wursig, 1990). More recent studies of bowhead whales also 

observed changes in behaviour from increased drilling noise levels, specifically an increase 

in call rate. However, the call rate plateaued and then declined as noise levels continued to 

increase, which could be interpreting as the whales aborting their attempt to overcome the 

masking effects of the drilling noise (Blackwell et al., 2017). Playback experiments of drilling 

and industrial noise have been undertaken with gray whales at a noise level of 122 dB re 1 

μPa and recorded a 90% response from the individuals in the form of diverting their migration 

track (Malme et al., 1984). Overall, the literature indicates that the impacts of drilling 

disturbance on marine mammals may occur at distances of between 10-20 km and will vary 

depending on the species (Greene Jr, 1986, LGL and Greeneridge, 1986, Richardson and 

Wursig, 1990).  

5.2.112. Other construction activities (trenching and cable laying) shall occur within a 4-year period 

(2029-2032); however, only a small portion of this will occur within the Southern Trench MPA. 

Total cable laying activities at the Proposed Development shall last for up to 3 years for IAC 

and up to 1 year for export cables/ Interconnector within this time period. Seabed preparation 

activities which include trenching shall last ~ 6 months.  

5.2.113. It is expected that any disturbance impact will be primarily driven by the UWN generated by 

the vessel during non-piling construction-related activities and, as such, it is expected that any 

impact of disturbance is highly localised. Due to their large size and capacity for energy 

storage, it is expected that minke whales will be able to tolerate temporary displacement from 

foraging areas and individuals are expected to be able to recover from any impact on vital 

rates. Therefore, any disturbance to minke whales arising from that construction activities 

such as trenching or cable laying are anticipated to be localised, of short duration and 

temporary, and impacts are therefore not anticipated to pose a significant risk to hindering the 

achievement of the objectives or purpose of the Southern Trench MPA. 

DISTURBANCE FROM VESSEL ACTIVITY 

5.2.114. Disturbance to minke whale may also occur as a result of vessel activity during cable laying 

and trenching activities in the offshore ECC within the MPA. However, there are currently 

limited studies available regarding the effects of vessel disturbance on minke whales.  

5.2.115. The total maximum number of construction vessels expected to be offshore at any one time 

is 21 vessels; however, this assumes that all offshore activities overlap and are occurring at 

the same time. In reality, it is not expected that WTG installation would overlap with cable 

installation (export and/or inter-array) and therefore a realistic number of vessels expected to 

be on site at the same time is 10. 
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5.2.116. Vessel noise levels from construction vessels will result in an increase in non-impulsive, 

continuous sound in the vicinity of the Proposed Development (Offshore), typically in the 

range of 10 to 100 Hz (although higher frequencies will also be produced) (Erbe et al., 2019) 

with an estimated source level of 161 and 168 SELcum dB re 1 µPa@1m (RMS) for medium 

and large construction vessels, travelling at a speed of 10 knots (see Volume 3, Appendix 3.1 

(Subsea Noise Technical Report)). Vessel noise is continuous, and is dominated by sounds 

from propellers, thrusters and various rotating machinery (e.g., power generation, pumps) 

(OSPAR, 2009b). In general, small boats and ships are expected to have broadband source 

levels in the range 160 to 180dB re 1μPa (rms), with the majority of energy below 1 kHz 

(OSPAR, 2009a). Large commercial vessels (>100 m) produce relatively loud and 

predominately low frequency sounds, with the strongest energy concentrated below 200 Hz 

(OSPAR, 2009a). 

5.2.117. There are currently limited studies available regarding the effects of vessel disturbance on 

minke whale. Of the few studies available, minke whale foraging activity has been found to 

decrease with increased vessel interactions (Christiansen et al., 2013a), exemplified by 

shorter dives and changes in movement patterns. In addition, by analysing the respiration rate 

of minke whales, energy expenditure was estimated to be 28% higher during boat interactions, 

regardless of swim speed. Swim speed was also found to increase with vessel presence and 

these combined physiological and behavioural changes are thought to represent a stress 

response. Further study by Christiansen and Lusseau (2015) developed a mechanistic model 

for minke whales to examine the bioenergetic effects of disturbance from whale watching 

vessels, specifically on foetal growth. The presence of whale watching vessels resulted in an 

immediate 63.5% reduction in net energy intake. However, the impact of disturbance was 

considered to be below the threshold value at which whale watching would have a significant 

impact on foetal growth as the number of interactions with vessels was low during the feeding 

season and was, therefore, of negligible impact. When considering the impacts of whale 

watching vessels to those likely to occur from construction vessel activities, they cannot be 

directly transposed, as disturbance effects from whale watching are direct impacts, whilst 

those from construction activities are indirect, and the vessel types and UWN produced are 

very different. Nevertheless, it should be noted that minke whales are capital breeders and 

therefore their reproductive success could be affected by disrupted feeding activities 

(Stephens et al., 2009, Christiansen et al., 2013b). 

5.2.118. Although an estimated range of disturbance on minke whales from vessel presence has not 

been presented within the literature, estimated disturbance ranges have been presented for 

other baleen whale species. For example, Currie et al. (2021) observed changes in the swim 

direction of humpback whales when whale watching vessel were within ~150 m of the 

individuals. In gray whales, observed changes in foraging behaviour were apparent when 

whale-watching vessels were within ~250 m of an animal (Sullivan and Torres 2018).  

5.2.119. The Developer has committed to the adoption of best practice vessel-handing protocols (e.g., 

following the Codes of Conduct provided by the WiSe (Wildlife-Safe) Scheme, Scottish Marine 

Wildlife Watching Code or Guide to Best Practice for Watching Marine Wildlife). These will be 

incorporated into a VMP (C-10 in Table 4-2) during construction and will minimise the potential 

for any effects of disturbance on minke whales in the MPA. As such, impacts are not 

anticipated to pose a significant risk to hindering the achievement of the objectives or purpose 

of the site. As such, impacts are not anticipated to pose a significant risk to hindering the 

achievement of the objectives or purpose of the site. 

DISTURBANCE CONCLUSION 

5.2.120. In summary, minke whales present within the MPA may experience disturbance due to various 

activities (UXO clearance, high-resolution geophysical surveys, vessels, other construction 

activities such as dredging), intermittently over the construction phase (2029-2032). These 
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activities (UXO clearance, high-resolution geophysical surveys, other construction activities) 

will be taking place within a small proportion of the total area of the Southern Trench MPA 

(where it overlaps with the offshore ECC, approx. 2.08% of the MPA). Vessel disturbance can 

also take place across the Southern Trench MPA due to vessel movements in and out from 

ports, whilst underwater noise during piling may result in the largest overlap of noise with the 

MPA boundary. 

5.2.121. There is limited confidence in the resulting conclusions regarding potential impacts as a result 

of piling. While the Graham et al. (2017) dose-response function for harbour porpoise 

disturbance results in the most conservative overlap, there is no evidence to suggest that 

minke whales respond to piling in the same way as porpoise. In the absence of data on minke 

whale responses to pile driving, the Developer considers the most representative disturbance 

threshold available at the present time is the Level B harassment threshold as it was derived 

from a study of impulsive noise on a baleen whale species. Using the Level B harassment 

threshold for pile driving, there is no overlap with the MPA boundary. 

5.2.122. The assessment against conservation objective “Continued access by the species to 

resources provided by the MPA for, but not restricted to, feeding, courtship, spawning or use 

as nursery grounds” for disturbance during the construction phase is provided in Table 5-16.  

Table 5-16 Assessment against conservation objective “Continued access by the species to resources” for 
disturbance during construction phase 

Site-specific advice Assessment conclusion 

Conserve the access to resources (e.g. for 
feeding) provided by the MPA for various stages 
of the minke whale life cycle. 

Behavioural disturbance causing displacement 
during construction of the Proposed 
Development may reduce access to minke 
whale resources within the site. For activities 
that may occur within the MPA (UXO clearance, 
high-resolution geophysical surveys, other 
construction activities, vessel presence) 
disturbance may affect a relatively small 
proportion of the site within the ECC (e.g. 

2.08%). 

Conserve the distribution of minke whale within 
the site by avoiding significant disturbance. 

‘Significant disturbance’ may result in the 
following effects: 

• The contribution to long-term decline in the 
use of the MPA 

• Changes to the distribution on a continuing 
or sustained basis 

• Changes to the behaviour such that it 
reduces the ability of the species to feed 
efficiently, breed or survive 

The assessment of disturbance is highly 
uncertain since there is a lack of data on minke 
whale responses to underwater noise sources, 
especially pile driving. 

 

Minke whale disturbance has been shown from 
ADDs, whale watching vessels, large-scale 
seismic/sonar surveys (not the geophysical 
surveys assessed in this report) and other 
construction activities.  

 

While minke whale responses to pile driving are 
unknown, it is considered that the harbour 
porpoise dose-response function and harbour 
porpoise EDRs are unlikely to be applicable 
given the differences in the hearing abilities 
between minke whales and harbour porpoise. 
Therefore, the most representative disturbance 
threshold available at the present time is the 
Level B harassment threshold. Using the Level 
B harassment threshold for pile driving, there is 
no overlap with the MPA boundary. 
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Table 5-17 Assessment against conservation objective “Continued access by the species to resources” during the 
construction phase. 

Site-specific advice Assessment conclusion 

Conserve the access to resources (e.g. for 
feeding) provided by the MPA for various stages 
of the minke whale life cycle. 

Behavioural disturbance during construction of 
the Proposed Development is unlikely to 
reduce access to minke whale resources within 
the site. 

Conserve the distribution of minke whale within 
the site by avoiding significant disturbance. 

‘Significant disturbance’ may result in the 
following effects: 

• The contribution to long-term decline in the 
use of the MPA 

• Changes to the distribution on a continuing 
or sustained basis 

• Changes to the behaviour such that it 
reduces the ability of the species to feed 
efficiently, breed or survive 

The behavioural disturbance effect may occur 
a at low frequency and intensity and is likely to 
be localised to the vicinity of high-resolution 
geophysical survey sources and/or moving 
vessel.  

As such, it is not considered to result in: 

• long-term decline in the use of the MPA 

• changes in distribution on continued or 
sustained basis 

• restricted ability to forage, breed or 
survive. 

Overall conclusion: Reduced access to resources is unlikely to take place due to the construction 
of the Proposed Development and therefore the achievement of this conservation objective is 
not at risk of being hindered. 

OPERATION AND MAINTENANCE 

INJURY OR KILLING 

COLLISION WITH WIND TURBINE GENERATORS (WTGS) 

5.2.131. Much of the recent research that focuses on collision risk examines marine mammals in the 

vicinity of new marine renewable energy structures and has a predominant focus on tidal 

turbines (Copping et al., 2020a, Copping et al., 2020b, Garavelli, 2020). No collisions of 

marine mammals have ever been observed with tidal turbines or other marine renewable 

energy infrastructure (Copping et al. 2020b); nonetheless, as the development of floating 

OWF technology increases, there is a need to assess the possibility of marine mammal 

collisions with these new offshore floating WTG substructures. 

5.2.132. The impact of collision with floating WTG substructures is likely dependent on a number of 

factors including the species and the size of the WTG substructures. Approximately 17,000 m2 

will be occupied per semi-submersible substructure below sea surface and when considering 

the full Array Area (67 floating WTGs and their substructures), approximately 1,139,000 m2 of 

structure will be present within the water column. Considering the extent of the Array Area, 

the total volume of semi-submersible structures below the sea level as well as horizontal and 

vertical excursions, the collision risk will be highly localised when compared to the extent of 

available habitat. Any risk of collision with WTGs, would be restricted to the Array Area, which 

is located approximately 40.2 km from the MPA. 

5.2.133. Outside of the MPA and within the Array Area, the impact of minke whale collision with floating 

WTG substructures is likely dependent on the size of the WTG substructures. Approximately 

17,000 m2 will be occupied per semi-submersible substructure below sea surface and when 

considering the full Array Area (67 floating WTGs and their substructures), approximately 

1,139,000 m2 of structure will be present within the water column. The area of the substructure 

present in the water column is the area where there is the greatest potential for interaction. 

The floating WTG will not always be in the same position, depending on the flexibility of the 

moorings, the semi-submersible can move horizontally between up to 90 metres around a 

central point during normal operation. However, during storm events these movements will be 
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more extensive with accidental lateral excursion up to 500 m. The structure may be moving 

vertically up to 30 m during normal operation. This motion could potentially increase the risk 

of minke whale collision with semi-submersible WTG structures as it makes collision risk 

dynamic in space and time near turbines, but it is expected that any movement will be gentle. 

5.2.134. Considering the extent of the Array Area, the total volume of semi-submersible structures 

below the sea level as well as horizontal and vertical excursions, the collision risk will be 

localised when compared to the extent of available habitat within the wider Moray Firth and 

North Sea areas. Further, other baleen whale species colliding with static and/or moving 

objects(8, 9) have not resulted in any known injuries and/or mortalities. 

5.2.135. As such, it is considered that minke whales within the MPA are not at risk from injury or fatality 

from collisions with WTGs. As such, impacts are not anticipated to pose a significant risk to 

hindering the achievement of the objectives or purpose of the site and shall not impact the 

density of minke whale within the MPA. 

ENTANGLEMENT IN WIND TURBINE GENERATOR (WTG) MOORING LINES 

5.2.136. The risks of entanglement to marine mammals posed by the Proposed Development are 

associated with primary, secondary and tertiary entanglement. Primary entanglement could 

involve marine mammals becoming directly entangled with the mooring lines and dynamic 

cables within the Proposed Development. Secondary entanglement is the risk of marine 

mammals becoming entangled in marine debris which has become caught on the lines and 

cables within the Proposed Development. Tertiary entanglement is the risk of marine 

mammals that have already become entangled in marine debris in another location before 

getting snagged on mooring lines and cables within the Proposed Development. 

Entanglement can result in injury or mortality. 

5.2.137. In line with NatureScot (2020), it is recognised that minke whales are considered sensitive to 

entanglement and incidental bycatch. However, any risk of entanglement, either with the 

mooring lines and dynamic cables within the array area, or marine debris which has become 

caught on the lines and cables within the array area, would be restricted to the Array Area, 

which is located approximately 40.5 km from the MPA. As such, it is considered that minke 

whales within the site are not at significant risk from injury or killing.  

5.2.138. In line with the advice to support management of the site (NatureScot 2020), the risk of 

entanglement outside of the MPA will be reduced by the embedded commitment C-37: 

Development of and adherence to an Entanglement Management Plan to reduce the potential 

entanglement risk to marine life. 

OPERATIONAL AND MAINTENANCE INJURY OR KILLING CONCLUSION 

5.2.139. Considering a limited spatial extent of impacts and following the application of embedded 

mitigation measures, it can be concluded that there is no significant risk of injury and/or killing 

to minke whale within the Southern Trench MPA. 

DISTURBANCE 

OPERATIONAL NOISE 

5.2.140. The UWN associated with the operational phase of the Proposed Development has a potential 

to alter the acoustic soundscape within the immediate vicinity of the Array Area. The UWN 

may be audible to animals at distances varying from a few meters to a few kilometres (less 

for direct drive turbines).  

 
8 https://www.nbcnews.com/news/us-news/whale-lands-boat-massachusetts-coast-insane-moment-caught-video-rcna39781 
9 https://www.earthtouchnews.com/oceans/whales-and-dolphins/whale-surprises-locals-with-out-of-nowhere-lunge-in-busy-

marina/ 

https://www.nbcnews.com/news/us-news/whale-lands-boat-massachusetts-coast-insane-moment-caught-video-rcna39781
https://www.earthtouchnews.com/oceans/whales-and-dolphins/whale-surprises-locals-with-out-of-nowhere-lunge-in-busy-marina/
https://www.earthtouchnews.com/oceans/whales-and-dolphins/whale-surprises-locals-with-out-of-nowhere-lunge-in-busy-marina/
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5.2.141. Operational noise is primarily low frequency. For fixed OWFs it was reported to be well below 

1 kHz (Thomsen et al., 2006, Stöber and Thomsen, 2021, Bellmann et al., 2023). Most of the 

acoustic energy produced by operational floating OWFs is below 200 Hz (Risch et al., 2023) 

and there appears to be a continued decrease in energy levels above 300 Hz10. The low 

frequency noise produced during operations may be more likely to overlap with the hearing 

range of low frequency cetacean species such as minke whale. Minke whale communication 

signals have been demonstrated to be below 2 kHz (Edds-Walton, 2000, Mellinger et al., 

2000, Gedamke et al., 2001, Risch et al., 2013, Risch et al., 2014). Tubelli et al. (2012) 

estimated the most sensitive hearing range (the region with thresholds within 40 dB of best 

sensitivity) to extend from 30 to 100 Hz up to 7.5 to 25 kHz, depending on the specific model 

used. Furthermore, since minke whales are known to forage within the Southern Trench MPA 

(located approximately 40.2 km from the Array Area) in the summer months, there is the 

potential for displacement to impact on reproductive rates.  

5.2.142. The biggest difference between fixed and floating offshore wind turbines in relation to UWN 

generation is mooring-related noise, as during higher wind speeds the number of impulsive 

sounds or transients from mooring-related structures is likely to increase. Mooring lines at 

floating OWFs are designed to be in tension (Statoil, 2015), although allowing for some degree 

of flexibility due to wave action. Therefore, it is considered that mooring lines associated with 

floating OWFs have the potential to produce ‘snapping’ noises during the operational phase 

of the development. ‘Cable snapping’ refers to impulsive noises generated by the sudden re-

tension in a mooring line following a period of slackness resulting from large amplitude and/or 

high-frequency surface motions (Liu, 1973). Analysis of sounds recorded at both Kincardine 

and Hywind Scotland did not reveal distinct impulsive ‘snapping’ sounds; instead, a range of 

‘transient sounds’ were reported that can be described as “bangs”, “creaks” and “rattles” which 

acoustic analysis classified as non-impulsive sound sources (Burns et al., 2022). Burns et al. 

(2022) showed that these ‘transient sounds had a broadband energy (10 – 48 kHz) and were 

short in duration (~1 second). As it was concluded that these transient sounds could not be 

considered as impulsive, the application of non-impulsive frequency weighted noise threshold 

values for determining auditory injury risk to marine mammals is appropriate (Risch et al., 

2023). Using the National Marine Fisheries Service (NMFS; 2018) thresholds for TTS-onset 

from non-impulsive noise sources, Burns et al. (2022) determined that low frequency cetacean 

would need to remain within 40 m of an operational turbine (assuming the wind speed was 15 

knots) for 24 hours to reach the TTS-onset threshold, often associated with fleeing response.  

5.2.143. In line with findings presented in the Volume 3, Appendix 3.1 (Subsea Noise Technical 

Report), the risk is that marine mammals may experience behavioural disturbance within 100 

m from an operational 15 Megawatt (MW) and operation 25 MW wind geared-drive turbine 

(when using TTS as a proxy for disturbance) rather than at distances kilometres away (noting 

that this is a modelled estimate and likely conservative).    

5.2.144. Operational noise will therefore not cause any behavioural disturbance to minke whales within 

the Southern Trench MPA. 

5.2.145. Due to small behavioural disturbance ranges associated with the operational noise from 

turbines, the potential for behavioural disturbance is limited to the immediate vicinity of the 

Proposed Development. Since no disturbance is anticipated within the Southern Trench MPA, 

operational noise is not considered further. 

5.2.146. The assessment against the conservation objective for disturbance during the O&M phase 

“Continued access by the species to resources provided by the MPA for, but not restricted to, 

feeding, courtship, spawning or use as nursery grounds” is provided in Table 5-18. 

 
10 See Figures 14 - 16 in Risch et al. (2023) https://tethys.pnnl.gov/sites/default/files/publications/Rischetal.pdf 

https://tethys.pnnl.gov/sites/default/files/publications/Rischetal.pdf
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Table 5-18 Assessment against conservation objective “Continued access by the species to resources” for 
disturbance during the O&M phase. 

Site-specific advice Assessment conclusion 

Conserve the access to resources (e.g. for 
feeding) provided by the MPA for various stages 
of the minke whale life cycle. 

Behavioural disturbance during O&M of the 
Proposed Development is unlikely to reduce 
access to minke whale resources within the site. 

Overall conclusion: The potential for reduced access to resources as well as significant 
disturbance are unlikely to take place due to behavioural disturbance during the O&M of the 
Proposed Development. Therefore, the achievement of this conservation objective is not at 
risk of being hindered. 

INDIRECT IMPACT ON PREY AVAILABILITY AND DISTRIBUTION 

5.2.147. Any change in fish abundance and/or distribution within the MPA as a result of O&M activities 

is important to assess as there is the potential for indirect effect on minke whale. Both minke 

whale adults and juveniles studied within the Southern Trench MPA have a similar foraging 

preference for sandy gravel sediment types (Robinson et al., 2023). Although minke whales 

exhibit flexibility in their resource preferences when options are limited, the installation of 

infrastructure in sandy habitats may affect their preferred foraging grounds. 

5.2.148. During O&M activities, there is the potential for impacts upon fish species through: 

• Permanent and/or long-term habitat loss/alteration due to the addition of infrastructure to 

the area; 

• EMF effects arising from cables during operational phase; 

• Ghost fishing due to lost fishing gear becoming entangled in installed infrastructure; 

• Introduction of new hard substrates and potential for fish aggregation; and 

• Underwater noise and vibration from operational WTGs and vessels. 

5.2.149. For each of the above impacts assessed, the assessment in Volume 2, Chapter 10 (Fish and 

Shellfish Ecology) concluded no significant impact to fish. 

5.2.150. During the O&M phase, the cable protection footprint within the offshore ECC that overlaps 

with the Southern Trench MPA will lead to a change from a sedimentary habitat to one 

characterised by hard substrate. As sandeel and herring are demersal spawners, reliant upon 

the presence of suitable substrates for spawning (i.e., sandy and gravelly sediments, 

respectively), placement of cable protection within the Southern Trench MPA will result in 

permanent change of habitat and therefore habitat loss, although this would be a small 

proportion of the MPA area (the area of the offshore ECC that overlaps the MPA, ~ 2.08%). 

5.2.151. Although the adverse effects on the extent and distribution of prey species upon which minke 

whale is dependent cannot be excluded, these will be localised to the offshore ECC. No 

impacts within the MPA are expected on the structure and function of supporting features, i.e. 

the prey species which minke whales rely on, and impacts are not anticipated to pose a 

significant risk to hindering the achievement of the objectives or purpose of the site. This 

conclusion is summarised in Table 5-19. 



 

Page | 70 

Table 5-19 Assessment against conservation objective “Continued access by the species to resources” during the 
O&M phase. 

Site-specific advice Assessment conclusion 

Conserve the access to resources (e.g. for 
feeding) provided by the MPA for various stages 
of the minke whale life cycle. 

Behavioural disturbance during O&M of the 
Proposed Development is unlikely to reduce 
access to minke whale resources within the 
site. 

Conserve the distribution of minke whale within 
the site by avoiding significant disturbance. 

‘Significant disturbance’ may result in the 
following effects: 

• The contribution to long-term decline in the 
use of the MPA 

• Changes to the distribution on a continuing 
or sustained basis 

• Changes to the behaviour such that it 
reduces the ability of the species to feed 
efficiently, breed or survive 

The character of O&M activities is likely to be 
similar to those currently taking place within the 
Southern Trench MPA (e.g. surveys and vessel 
transits). The behavioural disturbance effect 
may occur a at low frequency and intensity and 
is likely to be localised to the vicinity of high-
resolution geophysical survey sources and/or 
moving vessel.  

As such, it is not considered to result in: 

• long-term decline in the use of the MPA 

• changes in distribution on continued or 
sustained basis 

• restricted ability to forage, breed or 
survive. 

Overall conclusion: Reduced access to resources is unlikely to take place due to the O&M of the 
Proposed Development and therefore the achievement of this conservation objective is not at 
risk of being hindered. 

PHYSICAL BARRIER EFFECTS 

5.2.152. The physical presence of array infrastructure at the Array Area has the potential to either 

displace marine mammals through an effective loss of habitat, and/or create barrier effects, 

whereby the regular movements of a particular species are impacted by the presence of the 

wind farm (Onoufriou et al., 2021). Barrier effects can also be present in the form of a reduction 

of access to areas which were once used by marine mammals for particular behaviours.  

5.2.153. Within the offshore ECC, the export cables will be buried or will include remedial cable 

protection where burial is not possible. Therefore, the offshore export cable infrastructure is 

not anticipated to limit the passage of animals. 

5.2.154. Although minke whale presence has been recorded around oil and gas structures in the 

central North Sea (Delefosse et al., 2018), there is limited understanding on whether baleen 

whale species can successfully navigate the spaces between turbines in the array, especially 

within floating offshore wind arrays where a meaningful proportion of the water column is 

intersected by mooring lines and cables. The total Array Area will extend over 200 km2 and 

the lateral cross section of the mooring system in the water column will be of 10,800 m2. The 

final design of the array is still to be finalised and, therefore, the distances between mooring 

lines and dynamic cables during operation is not currently known. However, if any barrier 

effects were to occur, these will be very localised and limited to the Offshore Array Area only, 

which is located outside of the MPA.  

5.2.155. Considering the above, it is not expected that the infrastructure associated with the Proposed 

Development may prevent or restrict access to the MPA and resources within. This conclusion 

is summarised in Table 5-20. 
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Table 5-20 Assessment against conservation objective “Continued access by the species to resources” for physical 
barriers during operation and maintenance phase. 

Site-specific advice Assessment conclusion 

Conserve the access to resources (e.g. for 
feeding) provided by the MPA for various stages 
of the minke whale life cycle. 

Due to barriers effects being localised within the 
Array Area, it is not expected that the 
infrastructure associated with the Proposed 
Development may prevent or restrict access to 
the MPA and resources within.  

Overall conclusion:  

Reduced access to resources due to physical barriers are unlikely to take place due to operation and 
maintenance of the Proposed Development and therefore the achievement of this conservation 
objective is not at risk of being hindered. 

COASTAL PROCESSES ASSESSMENT - FRONTS 

5.2.156. Due to the lack of data concerning the impact of floating structures and subsea cables on tide, 

wind and waves (paragraph 5.2.165), the assessment of ability to achieve the COs for the 

frontal features is based on semi-quantitative approach from fixed structure observations; 

OWF assessment reports and numerical modelling results are detailed in Volume 3, Appendix 

7.2 (Marine Processes Modelling Report). 

BASELINE 

5.2.157. The first order control on water column structure has been established to be the balance 

between the stratifying influence of surface heating vs turbulent mixing due to hydrodynamic 

influences of tides and waves (Holt and Proctor, 2008; Sharples et al., 2006; Dorell et al., 

2022). As such, in areas of weaker tidal currents, surface heating dominates and seasonal 

stratification develops at the surface and/ or near the seabed (Howarth, 2005; Dorell et al., 

2022).  

5.2.158. Shelf sea fronts form at the boundary separating vertically mixed waters and stratified waters 

(Simpson and Bowers, 1981). For example, where tidally mixed coastal waters meet thermally 

stratified offshore waters, or where fully saline oceanic waters meet lower salinity inshore 

waters that have freshwater influence (NatureScot and JNCC, 2018). 

5.2.159. Miller and Christodoulou (2014) showed that the frequency of the frontal zone in the Irish Sea 

changes according to season, which correlates with data concerning frontal systems in the 

North Sea (Figure 5-8). Tidal mixing fronts normally form in the summer months in UK waters, 

when stratification occurs offshore due to warmer and calmer weather, whereas salinity fronts 

can be observed all year round (Figure 5-8; Department of Business, Energy and Industrial 

Strategy (BEIS), 2022). Particular topographical features (e.g., headlands, islands, sand 

banks and channels) can create permanent localised frontal zones due to their interaction 

with currents. 

5.2.160. Stratification in the water column is important to the oceanographic carbon cycle, biomass 

distribution, and hydrodynamic regime (Richardson et al., 1985; Howarth, 2005; Clark et al., 

2014). Any alteration to stratification via vertical mixing has the potential to cause cascading 

effects on the trophic chain. For example, the spring bloom of phytoplankton in stratified water 

is an important source of organic fuel for both the pelagic and benthic food chain (Verity et al., 

2002). The larval distribution of cod, plaice and lesser sandeel has been shown to be confined 

within haline frontal zones between freshwater-influenced water masses and the shelf water 

of the central North Sea (Munk et al., 2002). 
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Figure 5-8 Seasonal water mass and water column structure in UK waters from BEIS (2022).  

5.2.161. The Southern Trench MPA is located in the southern coast of the outer Moray Firth in the 

waters off Peterhead, located on the north-east coast of the Aberdeenshire (Figure 5-9). The 

Southern Trench, which gives the area its name, is a significant geological feature of 

approximately 58 km long, 9 km wide, and 250 m deep, having been carved out by glacial 

activity (Figure 5-9; NatureScot, 2019). The Southern Trench MPA is designated for four 

biodiversity features including fronts (detailed below), burrowed muds (See Section 5.2), 

minke whales (See Section 5.2), and shelf deeps (NatureScot, 2019). 

5.2.162. Within the Southern Trench MPA, a frontal zone has been shown to occur between 40% to 

60% of the time across all seasons, with a higher presence during the winter and summer 

(NatureScot, 2019; Figure 5-10). In autumn and winter the front is closer to the coast, 

approximately 10 km, and is the consequence of fresh water input coming from the inner 

Moray Firth associated with strong tidal currents around Fraserburgh (> 1 m/s 50% of the 

year; Figure 5-8; Miller et al., 2014; ABPmer, 2017). In spring and summer, the front extends 

further offshore, approximately 16 km, enhanced by thermal stratification due to a cold pool 

of water trapped below the summer thermocline in the northern North Sea (Figure 5-10; Hill 

et al., 2008). This dynamic environment fosters the development of phytoplankton and 

zooplankton, which are crucial to the marine ecosystem (Adams and Martin, 1986; Miller et 

al., 2014). 
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5.2.163. Between Fraserburgh and Peterhead, coastal waters are categorised as well-mixed shelf 

water during spring, autumn and winter, whereas they are classified as frontal shelf water 

during summer (Figure 5-8; BEIS, 2022). These observations are correlated with the change 

of water density from 27 to 26.5 kg.m-3 between spring and summer, explaining the change 

from well-mixed water to stratified water (Figure 5-11; Slesser and Turrell, 2013).
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Figure 5-10 Frontal feature occurrence within the Southern Trench MPA during winter, spring, summer and autumn 
(from NatureScot, 2019). 

 

 

Figure 5-11 Density variation along the north-east coast of Scotland near Peterhead (From Slesser and Turrell, 
2013). 

WORST CASE DESIGN SCENARIO 

5.2.164. Table 5-21 presents the worst case design scenario for each impact associated with coastal 

processes assessment on the Southern Trench MPA, along with justification.  
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Table 5-21 Worst Case Design Scenarios with Respect to the Coastal Processes Assessment. 

Impact Worst Case Design Scenario Justification 

Operational and Maintenance Phase 

Impact 1:  Modifications to 
the wave and tidal regime, 
and associated impacts to 
morphological features. 

Lifetime of the Proposed Development = 35 years 

Presence of floating platforms/foundations: 

WTGs: 

• An array consisting of 67 floating WTGs, with the following characteristics: 

• A 20 m diameter column 

• Three legs of 20 m diameter, minimum draught of 20 m 

• 12 * 0.75 diameter piers through the full water depth to represent the mooring 
lines (including an allowance for marine growth) and 

• 12*15 m diameter suction anchors with a height of 10 m above the seabed  

 

OEP(s): 

• Two OEP(s) with the following characteristics: 

• 30 m diameter column with a draught of 50 m 

• OEP foundation in the form of a jacket (6 legs) 

• Foundation overall length x width = 60 m x 60 m 

• Leg diameter 7 m 

• 12 piles (2 per leg) with diameter of 4 m and height of 5 m above the seabed 

 

Cable Protection 

Cable protection materials may include rock placement, concrete mattresses, 
rock/grout bags, and frond mattresses.  

 

Inter-array cables: 

• Up to 50% of inter-array cables protected (total length 250 km) = 125 km  

• Maximum area of cable protection for inter-array cables at 1 m width = 0.125 
km2 to a maximum height of 2 m above the seabed 

• Maximum volume of cable protection = 0.25 km3 

 

Export cables: 

• Up to 50% of export cables protected (total length 270 km) = 135 km  

An individual foundation will locally 
interfere with passing waves and 
currents with a group of foundation 
structures having the potential to 
develop an array-scale blockage effect, 
taking into account the number, 
arrangement, and spacing of 
foundations. Different foundation types 
will produce differing patterns of 
turbulence depending on their presence 
in the water column. 
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Impact Worst Case Design Scenario Justification 

• Maximum area of cable protection for export cables at 1 m width = 0.135 km2 
to a maximum height of 2 m above the seabed 

• Maximum volume of cable protection = 0.27 km3 

 

Cable Crossings 

• Up to 3 cable crossings with a maximum total footprint = 500 m2 (footprint) x 3 
(number of crossings) = 1,500 m2 to a maximum height of 5 m above the 
seabed 

• No cable crossings for the inter-array cables 

Impact 2: Modifications to 
stratification and frontal 
features 

• Lifetime of the Proposed Development = 35 years 

 

Presence of foundations: 

WTGs: 

• An array consisting of 67 floating WTGs, with the following characteristics: 

• A 20 m diameter column, maximum draught of 40 m 

• Three legs of 20 m diameter, maximum draught of 20m 

• 12 * 0.75 diameter piers through the full water depth to represent the mooring 
lines (including an allowance for marine growth) and 

• 12*15 m diameter suction anchors with a height of 10 m above the seabed 

OEP(s): 

• Two OEP(s) with the following characteristics: 

• 30 m diameter column with a draught of 50 m 

• OEP foundation in the form of a jacket (6 legs) 

• Foundation overall length x width = 60m x 60m 

• Leg diameter 7m 

• 12 piles (2 per leg) with diameter of 4 m and height of 5 m above the seabed 

Interactions between planned 
infrastructure and the baseline 
metocean regime (waves, tides) may 
result in localised changes to current 
speeds, wave energy and turbulence. 
These changes result in the generation 
of localised turbulent wakes (Dorrell et 
al., 2022), which may affect water 
column stratification and frontal 
features.  
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ASSESSMENT 

IMPACTS 

5.2.165. To date, there is an evident lack of data concerning the impact of floating offshore structures 

on tidal and wave energy, which can enhance or decrease stratification and associated frontal 

features (Farr et al., 2021). Consequently, existing studies and reports use data from fixed 

structures to hypothesise on the potential impact of floating foundations. As a result, the 

impacts identified in this section are based on observations made for OWFs with fixed 

foundations and the relevant assessment will be adapted to the Proposed Development 

floating structures in Section 5.2. 

5.2.166. Concerning the impact of subsea cables, most studies focus on the effects on sediment and 

benthic fauna and flora, without mentioning the potential impact on bottom flows, 

consequently there is a lack of evidence about the impact of offshore infrastructure, such as 

cable protection, on bottom tidal currents (Taormina et al., 2018). 

VERTICAL MIXING BY THE PRESENCE OF FOUNDATIONS 

5.2.167. Surveys within two OWFs in the German Bight (southeastern North Sea) showed that the 

presence of fixed structures can weaken stratification within the Array Area and extend by 

approximately half of the diameter of the tidal excursion (Floeter et al., 2017).Cazenave et al. 

(2016) modelled that the wake can be observed downstream at a distance corresponding to 

250 times the monopile diameter, however post-construction monitoring at Burbo Bank OWF 

showed a turbulent wake less than one kilometre outside of the Array Area.  

IMPACT ON WAVE REGIME. 

5.2.168. The wave regime can also disturb water column stratification (Dorell et al., 2022). Alari and 

Raudsepp (2012) showed that the impact of OWFs upon wave height is of the order of 1.5% 

at 1.5 km and 0.25% at 15 km, concluding that an OWF is unlikely to have a significant impact 

upon the far-field. More recent studies show that the wind farm wake can reduce the significant 

wave height by 3 to 5% within the Array Area and by 1% between 15 to 20 km (Christensen 

et al., 2013; Fishereit et al., 2022). 

IMPACT ON WIND REGIME 

5.2.169. Wind mixing plays an important role in controlling the strength, extent, and timing of 

stratification (Burchard, 2009; Hopkins and Polton, 2012; Dorell et al., 2022). Verspecht et al. 

(2009) showed that onshore wind destabilises the water column in Liverpool Bay due to the 

wind stress at the surface shearing less buoyant ocean water over more buoyant estuarine 

water. 

5.2.170. Lampert et al. (2020) shows a reduction in wind stress downwind of OWFs, which is consistent 

with Siedersleben’s (2019) atmospheric simulations showing a decrease of wind speed 

between 5% to 25%, approximately, 5 km downwind of the OWF. 

CONCLUSIONS 

5.2.171. A summary of local and regional hydrodynamic impacts of OWF fixed structures are presented 

in Table 5-22, which will be used as baseline to assess the potential impact of floating 

structures presented in Section 5.2. 

5.2.172. The location, form or function of frontal systems within the Southern Trench MPA may be 

sensitive to persistent changes in wave, wind and tidal current regimes outside of the baseline 

range of natural variability. Consequently, the Proposed Development could have potential 

effect on frontal systems within the MPA and has been screened into this assessment. 
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Table 5-22 Summary of local and regional impacts linked to OWF fixed foundations (from van Berkel et al., 2020). 

Local Impacts (within the Array 
Area) 

Regional impacts (outside of the Array Area) 

• Increased turbulence at and 
downstream of the 
foundation; 

 

• Reduction in near-bottom 
salinity in estuarine systems; 

 

• Vertical redistribution of 
water temperatures; and 

 

• Changes in nutrient 
upwelling and related 
primary productivity. 

• Losses in tidal energy and changes in tidal dynamics; 

 

• Decreased stratification downstream of OWF, with 
reduced bottom salinity in estuarine system; 

 

• Wind wake effect leading to reduce wind stress and wave 
energy downwind of an OWF; and 

 

• Theoretical island effects (i.e., where turbine spacing is 
sufficiently close to create a cumulative effect) with 
mixing in behind the OWF destratification. 

CONSERVATION OBJECTIVES 

5.2.173. The Southern Trench Nature Conservation Marine Protected Area Order 2020 (“The Order” 

hereafter) lists frontal feature as a “large scale feature” that contributes to the overall health 

and biodiversity of the Scottish MPA and the marine environment. 

5.2.174. The Order defines the high-level COs of the site as: 

• (1) The COs of the Southern Trench MPA are that the protected features: 

– (a) so far as already in favourable condition, remain in such condition; and  

– (b) so far as not already in favourable condition, be brought into such condition, and 

remain in such condition. 

• In paragraph (1) “favourable condition”, with respect to large scale feature, means that: 

– the extent, distribution and structure of that feature is maintained; 

– the function of that feature is maintained so as to ensure that it continues to support 

its characteristic biological communities and their use of the site including for, but 

not restricted to, feeding, courtship, spawning or use as nursery grounds; and 

– the processes supporting that feature is maintained. 

5.2.175. During the most recent assessment in 2019, the frontal feature was considered to be in a 

favourable condition at site level (NatureScot, 2020). 

5.2.176. The Conservation and Management Advice for the Southern Trench MPA provides the full, 

detailed COs, including site-specific advice and information on the features, how the 

objectives of the site may be furthered, or their achievement hindered, covering a range of 

activities (NatureScot, 2020). Full COs and advice in relation to frontal features are described 

in Table 5-23. 



 

Page | 80 

Table 5-23 Conservation Objectives with Respect to Frontal Feature and Site-Specific Information from NatureScot 
2020. 

Overarching 
Conservation 
Objective 

Site-Specific 
Advice 

Site-Specific Information 

Conserve the 
structure of the 
frontal feature. 

Conserve the extent, 
distribution and 
structure of the 
fronts. 

The fronts within this MPA are determined by a 
pronounced thermal gradient, as well as tidal currents 
and salinity. The structure of the front varies both spatially 
and temporally primarily because the strength of the 
thermal gradient varies on both a seasonal and annual 
basis. 

 

The MPA encompasses an area where fronts are 
expected to be present year-round. The extent of the 
front corresponds to a relatively narrow, shallow, inner 
shelf area that is associated with enhanced tidal mixing 
(Miller et al., 2014). As this feature varies spatially and 
temporally, this extent represents a proportion of the 
overall extent and distribution of the wider fronts feature 
in the MPA. For example, in spring and summer, 
stratification driven by summer warming generates 
additional surface thermal fronts which extend over a 
much wider area. Although most prevalent and 
widespread in the summer months, frontal mapping 
indicates the persistence of a front close to the coastline 
throughout winter. As tidal currents run parallel to the 
coastline, it is likely that freshwater outflow from rivers 
contribute to stratification of the water column and the 
production of the thermal gradient. 

Conserve the 
processes 
influencing the 
frontal feature. 

Conserve the 
processes which 
support the fronts 
feature, in particular 
current patterns, 

freshwater input and 
local 

topography. 

The underlying processes influencing the overall extent 
and distribution of the fronts feature in the Southern 
Trench are not fully understood. It is however likely that 
wider oceanic current patterns, tidal currents, freshwater 
input and local topography are important processes 
supporting fronts in this MPA. 

 

The wider oceanic currents supporting the fronts feature 
are an extension of the northern, cold water Fair Isle 
currents and a warm-water plume extending out from the 
inner Moray Firth (Tetley, 2004). These currents are 
known to vary seasonally and temporally due to 
variations in the degree of Atlantic water inflow to the 
North Sea, the volume of freshwater runoff, as well as 
wind and tide. 

 

Within some parts of the MPA tidal speeds are very fast, 
flowing at a rate of up to approximately 1 m/s. These high 
speeds help to drive the formation of a tidal front, the 
presence of which is most evident during summer. It is 
also likely that the front is influenced by freshwater run 
off. This is because tidal currents running parallel to the 
coast typically spread freshwater along the coast, 
resulting in an overlying cap of freshwater lying above 
denser, more saline water masses which in turn 
influences stratification and the formation of the fronts 
feature. 

Conserve the 
functions of the 

Conserve the 
function of the fronts 

The key functions of fronts are of particular importance 
within the MPA, but also to the wider marine environment. 
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Overarching 
Conservation 
Objective 

Site-Specific 
Advice 

Site-Specific Information 

frontal feature. feature so as to 
ensure that it 
continues to support 
its characteristic 
biological 
communities and 
their use of the site 
including, but not 
restricted to, feeding, 
spawning, courtship 
or use as nursery 
grounds. 

 

Fronts cause elevated and concentrated nutrients which 
in turn concentrate zooplankton-rich waters (attracting 
fish and predators such as minke whale and birds. For 
example, the early life stages of fish including sandeel 
larvae have been associated in waters near haline fronts 
elsewhere in the North Sea (Munk et al., 2002). A high 
concentration of prey in the site underpins the use of the 
site by minke whales in the summer season when the 
animals can build up sufficient energy reserves to enable 
them to migrate to winter breeding grounds (SNH, 2012). 
Additionally, the distribution of minke whale has been 
related to the presence of warm water plumes extending 
out of the inner firth (Tetley et al., 2008), which are 
thought to generate increased productivity. 

 

Fronts also support larval and gamete supply and 
transport by providing connectivity at various stages of 
species’ life histories, facilitating transport of larvae to 
suitable habitats elsewhere and retaining larvae as prey 
for other species. 

 

Fronts can act as a physical barrier, for example the 
sharp temperature changes at fronts may provide 
migration corridors for some species or act as transport 
routes for nutrients and sediment. The gradient may also 
delineate boundaries for some species or result in 
retention of nutrients, sediment or planktonic species. 
Fronts may also lead to separation and/ or influence local 
recruitment, for example where they result in areas of 
retention (Hill et al., 2008). Fronts also enable the 
circulation and transport of nutrients and oxygen from 
primary production. 

 

Activities that have potential to cause substantial 
changes to water circulation patterns may therefore have 
implications for the various functions of the fronts feature 
within the MPA and resultant effects on the species that 
depend on it (Cox et al., 2018). Assessments should 
focus on those areas where persistent thermal fronts 
form and the warm water plumes. Most human activities 
are considered unlikely to cause significant risk of impact 
on the fronts feature within the MPA. However very large-
scale activities e.g. underwater turbines may affect tidal 
velocities and mixing by removing tidal energy (De 
Dominicis et al., 2018) and this may have consequential 
changes to the fronts and their associated biological 
communities. 

OPERATION AND MAINTENANCE 

5.2.177. The installation of WTGs (up to 67 in total) and OEP (up to two) foundations has the potential 

to result in modification of tides, waves and wind, which are the main physical parameters 

influencing the formation or the destabilisation of frontal features. 
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TIDAL REGIME 

IMPACT OF FLOATING FOUNDATIONS 

5.2.178. The interaction between the tidal regime and the foundations of the windfarm infrastructure 

will result in a general reduction in current speed and an increase in turbulence in a narrow, 

localised wake due to frictional drag effects. Incident flows will be decelerated immediately 

upstream and downstream of each foundation, with separation around the structure resulting 

in localised acceleration and the creation of vortices. Within the extent of the Proposed 

Development, the effect on tidal currents will be evident as a series of narrow and discrete 

wake features extending downstream along the tidal axis from each foundation. 

5.2.179. A smaller proportion of incident flows would also be deflected to pass underneath the 

structure, also contributing to the leeward wake effects. If the structure has the ability to roll, 

pitch and, to a lesser degree yaw with the wind and / or sea conditions due to the compliance 

within the mooring system, then the scale of turbulence would be reduced as the structure will 

have minimal frontal area onto incident horizontal flows. 

5.2.180. The Salamander OWF project located, approximately, 31 km north-west from the Array Area 

of the Proposed Development, assessed that the impact on tide would extend by the diameter 

of the tidal excursion northward during flow tide and southward during ebb tide (Salamander, 

2024). Tidal excursions, within the Array Area of the Proposed Development, reach a 

maximum of 8 km orientated north to south, which are similar to tidal conditions observed at 

Salamander OWF (ABPmer, 2017). Consequently, it could be reasonably assumed that the 

wake associated with the presence of floating structure for the Proposed Development will 

potentially extend 8 km north and south during the flood and ebb tide, respectively. As the 

frontal feature of the Southern Trench MPA is located, approximately, 50 km westward from 

the Array Area, it is unlikely that the wake, and associated turbulence, created by the presence 

of floating foundation will modify the physical structure of the front. 

5.2.181. Numerical modelling has been undertaken to quantify change in hydrodynamic flows, with 

details of the model scenarios and method presented in Volume 3, Appendix 7.2 (Marine 

Processes Modelling Report). 

5.2.182. The numerical model results show during spring tide a maximum decrease of the flow speed 

of 0.04 m/s within the Array Area and less than 0.01 m/s within, approximately, 15 km outside 

towards the north and the south (Figure 5-12). An increase of flow less than 0.01 m/s is 

observed, approximately, 17 km westward and eastward outside of the Array Area (Figure 

5-12). The tidal flow changes modelled do not reach the Southern Trench MPA, therefore no 

impact on the front is expected. 
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IMPACT OF CABLE PROTECTION 

5.2.183. The Pentland floating OWF assessed the change of bottom flow due to cable protection to be 

a maximum of 0.05% and 0.03% within the Array Area and along the ECC, respectively 

(Pentland Floating OWF, 2022). As the Pentland floating OWF is located in an area of similar 

depth (between 60 m and 100 m) but stronger near bed currents (0.5 m/s against 0.41 m/s at 

the Proposed Development) than the Proposed Developments’ Array Area, the same 

conclusions can be drawn concerning the negligible change of tidal flows. Therefore, it is 

considered that cable protection will not adversely affect the frontal feature within the Southern 

Trench MPA. 

WAVE REGIME 

IMPACT OF FLOATING STRUCTURES 

5.2.184. Theoretically, waves coming from the east and east-south-east could be affected by passing 

through the Array Area and therefore modified when reaching the frontal feature. Project 

specific data collected within the Array Area show that waves from the east and east-south-

east represent 17% of the total, consequently the potential impact on waves of Array Area 

reaching the frontal feature will occur episodically (Volume 4, Chapter 7.1 (Marine and Coastal 

Processes Technical Report)). 

5.2.185. The Salamander OWF project assessed that the waves could be affected to a distance up to 

approximately the width of the site (Salamander, 2024). Consequently, the waves will be 

potentially impacted to an extend of 17 km (i.e., width of the Array Area Proposed 

Development), however the frontal feature is located, approximately, 50 km westward, which 

means that the potential changes on waves will not reach the Southern Trench MPA frontal 

zone. 

5.2.186. Previous studies concerning fixed structures showed that wave height can be reduced by 

1.5% at 1.5 km and 0.25% at 15 km (Alari and Raudsepp, 2012). In addition, floating structures 

possess the ability to both rotate, and move horizontally and vertically, which decrease their 

impact on incoming waves. Consequently, it is unlikely that the impact on waves from floating 

structures at the Proposed Development will exceed the impact observed for fixed structures 

and reaches the frontal features within the Southern Trench MPA. However, Zeng et al. (2023) 

showed that in a case of extreme events, such as freak waves11 approximately 8.2 m at the 

Proposed Development (based on Volume 3, Appendix 7.1 (Marine and Coastal Processes 

Technical Report)), floating structures can impact waves in the same way as fixed foundation 

due to the maximal tension on the cable. This non-frequent event, occurring 1% of the year, 

occurs during storm episodes, which mix the entire water column and so impact stratification 

and frontal features. Consequently, the impact of the Proposed Development will be negligible 

compared to natural mixing occurring during such storm events. 

5.2.187. Numerical modelling has been undertaken to quantify change in significant wave height (Hs), 

with details of the model scenarios and method presented in Volume 3, Appendix 7.2 (Marine 

Processes Modelling Report). 

5.2.188. Results showed that blockage effect of the floating foundations in the lee of the Array Area 

never reached the Southern Trench MPA only for waves coming from the east with a 1 in 50 

Average Recurrence Interval (ARI).  

 
11 A ‘freak wave’ is usually defined as Hmax > 2Hs, with Hmax the maximum wave height and Hs the 
significant wave height (Zeng et al., 2023). 
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5.2.189. The numerical modelling represents a highly conservative approach due to the following: 

• Tension Leg Platforms are irregular in shape which are unable to be fully resolved within 

the model. Thus, their representation provides a greater blockage to waves, particularly 

shorter period waves, than is anticipated in reality;  

• processes such as diffraction, reflection and resulting wave-wave interactions are not 

accounted for in the modelling; 

• inclusion in the numerical scheme is represented by a uniform blockage throughout the 

water column; and 

• no allowance has been included within the numerical scheme to represent the structures’ 

ability to move both vertically and horizontally with the wave and tidal flows.  

5.2.190. Consequently, the model results over predict the reduction of wave energy in the lee of the 

floating foundations (details of the method are presented in Volume 3, Appendix 7.2 (Marine 

Processes Modelling Report)\0. In addition, the waves height simulated (between 7.6 m to 

11.5 m) represent extreme situations, which occur rarely, approximately 1% of the year, and 

during storm events which mix the entire water column and weaken the frontal feature. 

Consequently, any blockage effect by the Proposed Development is unlikely to impact the 

frontal features within the Southern Trench MPA. 

IMPACT OF CABLE PROTECTION 

5.2.191. The wave velocity decreases with depth and becomes negligible when the depth corresponds 

to half of the wavelength (Weiss and Bahlburg, 2006). The average wave length 12  is, 

approximately, 100 m for a wave period observed to be on average 8 s within the ECC (based 

on Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical Report)). Therefore, 

from 50 m depth to the seabed the wave velocity becomes negligible and any infrastructure 

comprised from 50 m depth to the seabed will not affect the wave. As the front is located in 

an area where water depth is between 65 m to 90 m, the cable protection, at a maximum 

height of 2 m above the seabed, will not affect the wave energy and its potential impact on 

frontal features within the Southern Trench MPA. 

WIND REGIME 

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

with seasonal variation in circulation (in both strength and positioning) occurring as a result of 

changing wind patterns (Huthnance, 1991; Marine Scotland, 2021). An increase of wind 

strength is associated with an increase in turbulence at the sea surface inducing vertical 

mixing, which can affect stratification and therefore impact the front extent and strength 

(Burchard, 2009; Hopkins and Polton, 2012; Dorell et al., 2022). 

5.2.193. Lampard et al. (2020) showed that a reduction of wind speed of 25% can be observed 5 km 

downwind from an OWF project Array Area. The Array Area is located, approximately, 50 km 

from the frontal feature within the Southern Trench MPA, therefore it is unlikely to observe 

any changes of wind speed and direction at this distance from the Array Area. 

CONCLUSION 

5.2.194. Based on the assessment concerning the three main physical processes parameters (i.e., 

tide, wave and wind) influencing frontal features within the Southern Trench MPA, the impact 

of the Proposed Development is considered to be of low magnitude during operational phase. 

Table 5-24 summarises the conclusions of the assessment. 

 
12 Wave length (L) is defined as the distance between successive crests of a wave and calculated as function of wave period 

(T): L = 9.81*(T)2 /2*π (Weiss and Bahlburg, 2006). 
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Table 5-24 Conclusion of assessment against the COs for the Fronts feature 

Site-specific advice Assessment conclusion 

Conserve the extent, distribution and structure of 
the fronts. 

Tidal regime, wave regime and wind regime 
changes during O&M of the Proposed 
Development are unlikely to reach and/or 
significantly impact the Fronts feature. 

Conserve the processes which support the fronts 
feature, in particular current patterns, 

freshwater input and local 

topography. 

Tidal regime, Wave regime and Wind regime 
changes during O&M of the Proposed 
Development are unlikely to reach and/or 
significantly impact processes that support the 
Fronts feature. 

Conserve the function of the fronts feature so as 
to ensure that it continues to support its 
characteristic biological communities and their 
use of the site including, but not restricted to, 
feeding, spawning, courtship or use as nursery 
grounds. 

Tidal regime, Wave regime and Wind regime 
changes during O&M of the Proposed 
Development are unlikely to reach and/or 
significantly impact the Fronts feature. 

Overall conclusion: The potential for the Fronts feature to be significantly impacted by the 

presence of the Proposed Development during the O&M phase is unlikely. Therefore, the 

achievement of these COs is not at risk of being hindered. 

5.3. TURBOT BANK MPA 

5.3.1. The Turbot Bank MPA was designated in 2014. The Turbot Bank MPA is located to the south-

west of the Fladen Grounds in the northern North Sea, 44 km east of Peterhead on the east 

coast of Scotland (Figure 5-13). It lies within an area of sandy sediment, including part of the 

shelf bank and mound feature known as 'Turbot Bank'.  

5.3.2. To inform the site selection process for the Turbot Bank MPA, several dredge surveys were 

conducted in the area over a four-year period (between 2008-2012) by Marine Scotland 

Science (2012). Thirty-three records of sandeel were observed from the central and eastern 

parts of the site, with an average catch per unit effort of 99 sandeels, but up to 285 individuals.  

5.3.3. Sandeels are a PMF in Scotland’s seas. The Turbot Bank MPA is designated for sandeels 

and is a particularly important site for Raitt’s sand eel (A. marinus), which is closely associated 

with sand habitats, living buried in the sand for months at a time. The site contains the type of 

sandy sediment with low silt and clay components that sandeels prefer (JNCC, 2017). The 

Turbot Bank MPA encompasses areas where high numbers of sandeels have been found 

which play an important role in the wider North Sea ecosystem, providing a vital source of 

food for larger fish, seabirds and marine mammals (JNCC, 2017). Turbot Bank is considered 

an important site due to its potential to act as a source of young sandeels for maintaining and 

restocking surrounding areas. 

5.3.4. Sandeels are a commercially important fish and regularly school together in large 

aggregations (Engelhard et al., 2008). Fishing effort at the site has reduced since designation. 

This, combined with the sandeel's relatively short lifespan, suggests that the population at 

Turbot Bank may now be close to its natural age and size composition (JNCC, 2017). In 

addition, the Sandeel (Prohibition of Fishing) (Scotland) Order 202413 came into force (as of 

26th March 2024) providing even further protection for sandeel in this region.  

 
13 The Sandeel (Prohibition of Fishing) (Scotland) Order 2024 (legislation.gov.uk) 

https://www.legislation.gov.uk/ssi/2024/36/introduction/made
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5.3.5. The JNCC MPA Mapper14 displays the relevant survey data and records of sandeel within the 

Turbot Bank MPA site boundary.   

FISH AND SHELLFISH ASSESSMENT - SANDEELS 

5.3.6. This assessment should be read in conjunction with Volume 2, Chapter 10 (Fish and Shellfish 

Ecology). 

BASELINE 

5.3.7. Sandeels play an important role in the wider North Sea ecosystem, providing a vital source of 

food for seabirds such as Atlantic puffin (Fratercula arctica) and black-legged kittiwake (Rissa 

tridactyla), fish such as Atlantic cod (Gadus Morhua) and plaice (Pleuronectes platessa), and 

marine mammals such as dolphins. 

5.3.8. Sandeels are demersal spawners that lay their eggs onto or into seabed sediments. Sandeel 

prefer habitats composed of sand to gravelly sand but will tolerate sandy gravels as a marginal 

spawning habitat. They are highly substrate specific, and rarely occur in sediments where the 

silt content is greater than 4% and are absent in substrates with a silt content greater than 

10% (Holland et al., 2005, Wright et al., 2000). These specific sediment requirements affect 

sandeel presence and density (Wright et al., 2000). 

5.3.9. Sandeels spawn between November and February (Table 5-25). The eggs remain within the 

sediment for 1-3 months until hatching (Macer, 1966; Wright, 1993; Wright and Bailey 1996; 

Jensen, 2001). The hatched larvae are planktonic and after metamorphosis, are recruited as 

juveniles into the Sandeel population as they settle and bury into the seabed (Winslade, 

1971).  

5.3.10. Once settled, adult Sandeels show limited movement between sub-populations (Proctor et 

al., 1998; Christensen et al., 2008). They tend to stay in the same place (Kunzlik et al., 1986; 

Gauld and Hutcheon, 1990), rarely found further than 15 km away from their initial settlement 

habitat (Wright, 1996; Engelhard et al., 2008; van der Kooij et al., 2008). Sandeels come out 

of their burrows to feed on zooplankton in the water column during spring and summer. This 

behaviour is strongly influenced by the availability and distribution of their zooplanktonic prey 

(Calanus species).  

5.3.11. Sandeels are unlikely to relocate in response to changing conditions. Recovery of local 

populations is likely to be reliant on a supply of recruits from elsewhere or sufficient numbers 

remaining for recruitment from the same population and highly dependent on wider 

environmental pressures, such as climate change (JNCC, 2017). 

5.3.12. Bottom trawl and beam trawl surveys were undertaken throughout the greater North Sea, 

including within the vicinity of the Turbot Bank MPA from 2019 and 2023 as part of the North 

Sea International Bottom Trawl Survey and the North Sea Beam Trawl Surveys (International 

Council for the Exploration of the Sea, 2023). The surveys recorded the presence of several 

species of conservation importance, notably; Raitt’s sandeel (Ammodytes marinus).  

5.3.13. The Hywind Scotland Pilot OWF ES (Statoil, 2015) described that demersal fish assemblages 

included lesser sandeel (Ammodytes tobianus). As part of the Hywind Scotland Pilot OWF 

benthic survey (MMT, 2013), site-specific samples taken throughout the Hywind ECC also 

identified the presence of Raitt’s sandeel (A. marinus) and lesser sandeel (A. tobianus). Raitt’s 

Sandeel (A. marinus) is listed on the UK Biodiversity Action Plan (UKBAP) species list. 

5.3.14. Results from sandeel surveys across the Beatrice OWF site in December 2020 indicated 

patchy distribution with low abundance, with Raitt’s sandeel (A. marinus) being the most 

prevalent species (Beatrice OWF Limited, 2021). The Beatrice OWF post-construction survey 

findings indicated an increase in sandeel abundance, and consequently concluded that there 

14 https://jncc.gov.uk/mpa-mapper/?zoom=12&center=-0.957,57.392&layerIds=46,49&baseLayerId=-2&activeFilters 

https://jncc.gov.uk/mpa-mapper/?zoom=12&center=-0.957,57.392&layerIds=46,49&baseLayerId=-2&activeFilters
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was no indication that the construction of the Beatrice OWF resulted in negative impacts on 

the local sandeel population (Beatrice OWF Limited, 2014; 2021). 

5.3.15. Sandeel surveys were undertaken at both Moray East OWF and Beatrice OWF, in 2012 and 

2014 respectively. Both surveys reported similar findings, indicating patchy sandeel 

distribution across the sites, with sandeel recorded in relatively low numbers (Moray Offshore 

Renewables Limited, 2012; Beatrice OWF Limited, 2014).  

5.3.16. According to Coull et al., (1998) sandeel spawn between November and February in the 

norther North Sea which contains both high and low intensity sandeel spawning grounds 

(Figure 5-14 and Table 5-25).  

Table 5-25 Sandeel Spawning Timings (Coull et al., 1998) in the Northern North Sea (shaded sections representing 
the spawning period). 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Sandeel 
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Table 5-26 Worst Case Design Scenarios with Respect to Fish and Shellfish Assessment  

Impact Worst Case Design Scenario Justification 

Construction (Predicted duration of four years) and decommissioning 

Increases in 
Suspended 
Sediment 
Concentrations 
(SSCs) and 
changes to 
seabed levels. 

Total SSC released because of construction activities = 12,718,023 m3 

Foundation installation (without drilling) = 6,030,000 m3 

WTGs: 

• Maximum sediment disturbance volume from 67 floating WTGs using
drag embedded anchors with nine anchors per foundation (603 anchors
total * 200m drag * 50 m target box = 6,030,000 m3

Foundation with drilling = 478,782 m3  

WTGs: 

• Anchor piles with a maximum diameter of 4 m to be drilled to a depth of
60 m below the seabed = 754 m3 of drill arisings per pile

• Maximum volume of drill arisings from 67 floating WTGs using piled
anchors with nine anchors per foundation (603 anchors total) =
454,662 m3

OEP(s): 

• Piled foundations for two jacket foundation OEP(s) with a maximum pile
diameter of 4 m to be drilled to a depth of 80 m below the seabed =
1,005 m2 of drill arisings per pile

• Maximum volume of drill arisings from two OEP(s) with piled foundations
for each OEP having 2 piles per jacket leg and 6 jacket legs 12 piles total
per OEP = 24,120 m3

Cable Installation = 1,432,800 m3 

Inter-array cables 

• Inter-array cable installation method = Jetting

• Total IAC length on seabed = 250 km

• IAC cable seabed width = 3 m

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 prior to foundation installation 

Seabed preparation works, including boulder clearance, 
would be required prior to installation of certain foundation 
types. 

Foundation installation (without drilling) 

The installation of certain anchoring options will result in 
the release of disturbed sediments. The greatest 
sediment release is anticipated to be from the installation 
of drag-embedded anchors, although the impact of 
potential sediment plumes is expected to be of relatively 
short duration and in close proximity to the bed. 

Drilling as part of foundation installation 

Of the anchoring options under consideration, the 
greatest sediment release is anticipated to be from the 
drilling of anchor piles. While some of the other options 
could result in the release of large sediment volumes (for 



 

Page | 97 

Impact Worst Case Design Scenario Justification 

• IAC cable burial depth = 2 m 

• IAC trench cross sectional area = 6 m2  

• Assuming 30% of material is forced into suspension in the water column 

• Maximum sediment disturbance volume = 250,000 x 6 m2 = 1,500,000 
m2 x 0.3 (spill factor) = 450,000 m3 

• Assumed maximum installation rate of up to 700 m/hr 

 

OEP Interconnector Cable 

• Interconnector cable installation method = Jetting 

• Total length of Interconnector cable 3 km 

• Interconnector cable seabed width = 3 m 

• Interconnector cable burial depth = 4 m (excludes burial in sandwaves of 
up to 20 m) 

• Interconnector cable trench cross sectional area = 12 m2 

• Assuming 30% of material is forced into suspension in the water column 

• Maximum sediment disturbance volume = 3,000 m x 12 m2 x 0.3 (spill 
factor) = 10,800 m3 

• Assumed maximum installation rate of up to 700 m/hr 

 

Export cables 

• Export cable installation method = Jetting 

• Total length of three export cables = 270 km, each up to 90 km in length 
from array area to landfall 

• Export cable seabed width = 3 m 

• Export cable burial depth = 4 m (excludes burial in sandwaves of up to 
20 m) 

• Export cable trench cross sectional area = 12 m2 

• Assuming 30% of material is forced into suspension in the water column 

• Maximum sediment disturbance volume = 270 km x 12 m2 x 0.3 (spill 
factor) = 972,000 m3 

• Assumed maximum installation rate of up to 700 m/hr 

example drag embedded anchors), the impact of these is 
expected to be of relatively short duration and in close 
proximity to the bed. 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 500 m/hr and maximum trenching rate of 700 m/hr 
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 impacts on SSC concentrations due to the 
potential release of bentonite (or drilling mud) during the 
punch-out in the nearshore exit pit. Accordingly, the total 
drilling fluid loss = 75 m3 (three conduits, 25m3 per 
conduit). 
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Impact Worst Case Design Scenario Justification 

 

Seabed preparation for cable installation = 4,776,000 m3 

Inter-array cables 

• Seabed preparation method =Pre-Lay Grapnel Runs (PLGR) 

• Total length inter-array cables = 250 km, up to 100 % of which require 
seabed preparation 

• Maximum area of seabed affected = 250,000 m (100 % of total inter-array 
cable length) x 3 m (maximum width of disturbance) = 750,000 m2 

• Maximum sediment disturbance volume = 750,000 m2 (area affected) x 
2 m depth = 1,500,000 m3 

 

OEP Interconnector Cable 

• Seabed preparation method = PLGR 

• Total length of up to three export cables = 3 km, up to 100 % of which 
require seabed preparation  

• Maximum area of seabed affected = 3,000 m (100 % of total export cable 
length) x 3 m (maximum width of disturbance) = 9,000 m2 

• Maximum sediment disturbance volume = 9,000 m2 (area affected) x 4 m 
depth = 36,000 m3 

 

Export cables 

• Seabed preparation method = PLGR 

• Total length of up to three export cables = 270 km, up to 100 % of which 
require seabed preparation  

• Maximum area of seabed affected = 240,000 m2 (100 % of total export 
cable length) x 3 m (maximum width of disturbance) = 810,000 m2 

• Maximum sediment disturbance volume = 810,000 m2 (area affected) x 
4 m depth = 3,240,000 m3 

 

Horizontal Directional Drilling (HDD) drilling fluid release = 441 m3 

• Three offshore HDD conduits and exit pits 

• Maximum volume of drilling fluid loss per conduit = 25 m3  
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Impact Worst Case Design Scenario Justification 

IAC Junction Box Installation = 1,800 m2 

• Max Dimensions (L x W x H) = 15 x 6 x 4 m 

• Seabed Footprint per unit = 90 m2 

• Max Number of Units = 20 

• Total Seabed Footprint within Array = 90 * 20 = 1,800 m2 

• Anchoring method = ballast/weight of the unit itself, no additional 
anchoring planned 

 

Cable seabed preparation and installation = 1,569,000 m2 

• Burial of export cables by jetting (270 km length x 3 m disturbance width) 
= 810,000 m2 

• Burial of Interconnector cable by jetting (3 km length x 3 m disturbance 
width) = 9,000 m2 

• Burial of inter-array cables (tether wave) by jetting (250 km x 3 m 
disturbance width) = 750,000 m2 

• Export cable jointing - largest cable diameter = 310 mm, therefore cross-
sectional area = 0.0755 m2 per cable. Joints every 25 km, 90 km length 
per cable = four joints 

• Four joints * 0.0755m2 per joint * three cables = 0.906 m2 (no additional 
boulder and sandwave clearance planned for jointing 

 

HDD installation = 9,450 m2 

• Total installation area: cofferdam area (450 m2) 

• HDD bores x 3 = 3000 mL x 1mD x 3 = 9,000 m2 

Mortality, 
injury, 
behavioral 
impacts, and 
auditory 
masking 
arising from 
noise and 

Total duration of piling = 151 days (WTGs) + 24 (OEP(s) = 175 days  

OEP piling: May to Aug 2030 

Anchor piling: April to Sept 2029, 2030, and 2031  

 

WTG Anchors 

• Maximum of 67 semi-submersible Wind Turbine Generators (WTGs)   

• Maximum of nine anchors per WTG, one pile per anchor (nine piles in 

To justify the worst-case design scenario for noise and 
vibration impacts on fish species in the context of the 
project information provided, we consider the extensive 
duration and scale of piling activities. The project 
involves the installation of a significant number of semi-
submersible WTGs with multiple anchors per WTG, 
totaling a substantial number of piles to be driven into 
the seabed. With a maximum hammer energy of 2,400 
kJ for WTG anchors and 3,200 kJ for OEP(s), coupled 
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MORTALITY AND POTENTIAL MORTAL INJURY 

5.3.41. Sandeel are considered a Group 1 species (mortality onset at >213 dB SPLpeak or >219 dB 

SELcum) as they lack a swim bladder and are therefore considered less sensitive to UWN 

than other species. While sandeel may be affected by vibration through the seabed, 

particularly when buried during hibernation, any small-scale mortality in the affected area is 

expected to be mitigated at the population level through local immigration from outside the 

impacted zone.  

5.3.42. The potential for mortality or mortal injury is likely to only occur in proximity to piling operations 

in the Array Area, as depicted in Figure 5-13, the Turbot Bank MPA is adjacent to the Array 

Area and therefore there is a clear pathway for this impact. 

5.3.43. The spatial and temporal worst case design scenarios for UWN impacts from foundation 

installation (piling of WTG anchors, or jacket foundations for the OEP(s) are defined according 

to a worst case design scenario, i.e., the maximum design parameters that may be utilised 

during the construction of the Proposed Development (Table 5-26). In this context, it is 

important to note that the maximum hammer energies assumed in the worst case design 

scenarios are likely to be highly precautionary and that in fact for many piling events, a lesser 

hammer energy will be required to complete the pile installation (they represent the upper limit 

of the equipment, rather than the likely energy that will be required to install any given 

foundation).  

5.3.44. When considering the worst case potential for the mortality and potential mortal injury of 

sandeel, anchor piling has an impact range of up to 1,600 m predicted for sandeel from 

sequential piling in the SW of the Array Area (ten piles per 24-hour period with a hammer 

energy of 2400 kJ and 4 m pile diameter) (Figure 5-19).The more likely impact range, from 

the sequential piling of up to five anchor piles in a 24 hour period (hammer energy 2400 kJ 

and 4 m pile diameter), for sandeel, is up to 1,000 m (Figure 5-20). The impact range 

associated with mortality and potential mortal injury (both worst case design scenario and 

more likely) overlap with the Turbot Bank MPA under these piling scenarios. 

5.3.45. The worst case impact range resulting from the sequential piling for the OEP of up to six jacket 

piles in a 24-hour period (hammer energy 3,200 kJ, 5 m pile diameter) has an impact range 

for mortality and potential mortal injury of up to 2,300 m predicted from this piling scenario 

(Figure 5-21). The more likely impact range, from the sequential piling of up to three OEP 

foundation piles in a 24-hour period (hammer energy 3,200 kJ, 5 m pile diameter) for sandeel 

is up to 1,500 m (Figure 5-22). However, the mortality and potential mortal injury impact 

ranges from the installation of the OEP does not overlap with the Turbot Bank MPA. 

5.3.46. If foundations are installed concurrently, a larger geographical extent of impact from the UWN 

is anticipated. The concurrent piling of anchor piles for WTGs at the SW piling location in the 

Array Area results in a maximum impact area of 7 km2 on sandeel (Figure 5-23). The 

concurrent piling of anchor piles for WTGs at the SW corner of the Array Area and piling of 

OEP foundation pin piles results in a maximum impact area of 10 km2 on stationary Group 1 

receptors (which includes sandeel (Figure 5-24). This mortality and potential mortal injury 

impact ranges (both worst case design scenario and more likely) overlap with the Turbot Bank 

MPA under these piling scenarios. However, there is no in-combination impact from either 

concurrent piling scenario on sandeel from concurrent piling. This is where the ranges are 

small enough that the distant piling sites do not produce an influencing additional exposure of 

UWN on a receptor.  

5.3.47. With regards to the temporal WCS, the maximum duration of piling results from the sequential 

installation up to four anchors per day for 67 semi-submersible WTGs (one pile per anchor, 

and nine anchors per WTG) and four piles per day for two OEP jacket foundations (12 piles 

per platform), resulting in a total piling time of 1,185 hours and 30 minutes, over a period of 

157 days. As detailed in Table 5-26, the installation of anchor piles is proposed to be 
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TEMPORARY THRESHOLD SHIFT 

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

has been demonstrated in some fishes, resulting 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 fishes and are replaced when damaged and therefore the extent of TTS 

is of variable duration and magnitude. Normal hearing ability returns following cessation of 

the noise causing TTS, though this period is variable. When experiencing TTS, fish may have 

decreased fitness due to a reduced ability to communicate, detect predators or prey, and/or 

assess their environment. 

5.3.59. In terms of anchor piling, an impact range of up to 97,000 m is predicted for sandeel from 

sequential piling in the Array Area (10 piles per 24-hour period with a hammer energy of 2400 

kJ and 4 m pile diameter) under a worst case design scenario (Figure 5-19). The more likely 

impact range, from the sequential piling of up to five anchor piles in a 24 hour period (hammer 

energy 2400 kJ and 4 m pile diameter), for sandeel, is up to 75,000 m (Figure 5-20) for the 

NW location, with similar (but smaller) impact ranges predicted for the SW location. These 

impact ranges overlap with the entire boundary of the Turbot Bank MPA. 

5.3.60. The sequential piling of OEP foundation piles (up to six jacket piles in a 24-hour period, 

hammer energy 3,200 kJ, 5 m pile diameter) has an impact range for TTS for sandeel of up 

to 110,000 m predicted from the worst case piling scenario (Figure 5-21). The more likely 

impact range, from the sequential piling of up to three OEP foundation piles in a 24-hour 

period (hammer energy 3,200 kJ, 5 m pile diameter) for sandeel is up to 86,000 m (Figure 

5-22). These impact ranges overlap with the entire boundary of the Turbot Bank MPA.

5.3.61. In the event that foundations are installed concurrently, a larger geographical extent of impact 

from the UWN is anticipated. The concurrent piling of anchor piles for WTGs at the SW and 

NE piling locations in the Array Area results in a maximum impact area of 20,000 km2 on 

sandeel (Figure 5-23). The concurrent piling of anchor piles for WTGs at the SW corner of the 

Array Area and piling of OEP foundation pin piles results in a maximum impact area of 24,000 

km2 on sandeel (Figure 5-24). These ranges overlap with the entire boundary of the Turbot 

Bank MPA. 

5.3.62. The temporal worst case piling scenario is detailed in paragraph 5.3.47. 

BEHAVIORAL EFFECTS 

5.3.63. Different fish and shellfish have varying sensitivities to piling noise, depending on how these 

species perceive sound in the environment. Sandeel lack a swim bladder, and so are largely 

considered to be less sensitive to sound pressure, with this species instead detecting sound 

in the environment through particle motion. The sensitivity to particle motion in the Group 1 

fish receptors (including sandeel) is more likely to be important for behavioural responses 

rather than injury (Hawkins et al., 2014; Mueller-Blenkle et al., 2010). 

5.3.64. It has been reported that slow, rolling interface waves that move out from a source like a pile 

driver can produce particle motion amplitudes travelling considerable distances (Hawkins and 

Popper, 2016), with implications for demersal and sediment dwelling fish (such as sandeel) in 

close proximity to piling operations. Specifically, demersal dwelling receptors such as sandeel 

may be particularly affected by vibration through the seabed during winter hibernation when 

sandeel remain buried in sandy sediments. Particle motion generated from piling is expected 

to attenuate more rapidly than the acoustic pressure component in the water, with a low risk 

of behavioural impacts in the far-field (i.e., kilometres from the source).  

5.3.65. Considering the Popper et al. (2014) criteria (Table 5-33) any risk of behavioural impacts or 

auditory masking in Group 1 species (including sandeel) from piling of WTG anchor piles and 

OEP foundation piles are expected to be low in the intermediate field. Near field behavioural 
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impacts are considered likely to be fully contained within TTS impacts and so are not 

considered further.  

5.3.66. Piling operations are to be undertaken outside of the sandeel spawning season and therefore 

there will be no TTS or behavioural impacts to sandeel eggs and larvae. 

5.3.67. As noted previously, all Group 1 receptors (both static and fleeing), including sandeel (TTS 

onset at >186dB SELcum) have low sensitivity to UWN impacts from piling activities. Even 

given the location of the Array Area in relation to Turbot Bank MPA, the sensitivity of sandeel 

is considered to be low with regard to TTS, as the proposed piling operations are not 

anticipated to interact with the spawning season of sandeel, which occurs from November to 

February. 

5.3.68. To summarise, literature demonstrates that sandeel exhibit some sensitivity from TTS and 

behavioural effects arising from noise impacts. However, these impacts of the Proposed 

Development will not hinder the achievement of the site COs. 

Table 5-33 Qualitative Behavioural Criteria (Popper et al., 2014) 

Type of animal Impairment 

Auditory masking Behaviour 

Fish: no swim bladder 
(Group 1) 

(N) Moderate

(I) Low

(F) Low

(N) High

(I) Moderate

(F) Low

Fish: swim bladder is not 
involved in hearing (Group 
2) 

(N) Moderate

(I) Low

(F) Low

(N) High

(I) Moderate

(F) Low

Fish: swim bladder involved 
in hearing (Group 3) 

(N) High

(I) High

(F) Moderate

(N) High

(I) High

(F) Moderate

Eggs and larvae (N) Moderate

(I) Low

(F) Low

(N) Moderate

(I) Low

(F) Low
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Table 5-35 Summary of the Impact Ranges for UXO Detonation Using the Explosions Lp,pk Noise Criteria from 
Popper et al. (2019) 

Charge Weight Mortality and Potentially Mortal Injury 

234dB 229 dB 

Low order deflagration 

0.25 kg <50 m 60 m 

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 

5.3.74. As evident in Table 5-35 above, the maximum impact range for mortality and potential mortal 

injury from high order detonation (for the highest charge weight (750 kg + donor)) is estimated 

to be up to 910 m from the detonation. In comparison, UXO clearance using low order 

deflagration, results in significantly reduced impact ranges for mortality and potential mortal 

injury, with impact ranges estimated to be up to 60 m.  

5.3.75. The overlap between these impact ranges with the Turbot Bank MPA is dependent on the 

proximity of the UXO to the MPA. However, under a worst case design scenario there will be 

a 910 m impact range resulting in mortality or potential mortal injury.  Although even under 

these circumstances it is unlikely to result in a significant reduction in the sandeel population 

of Turbot Bank MPA. However, it is possible that UXO operations will be planned to take place 

year-round during the UXO clearance campaign pre-construction and therefore have the 

potential to interact with the spawning period of sandeel.  

5.3.76. Depending on the number of UXOs in the vicinity of the Turbot Bank MPA, the distance from 

the MPA site and the size and order of detonation required, the need for further mitigation 

may be required to ensure impacts form UXO removal will not hinder the achievement of the 

site COs. 

OTHER NOISE SOURCES DURING CONSTRUCTION 

5.3.77. 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 

during the following construction activities:  

• Cable laying;  

• Drilling; 

• Rock placement; 

• Trenching; and  

• Vessel noise. 

5.3.78. The impact ranges, for the construction activities listed above, for recoverable injury and TTS 

would only have potential to occur in close proximity to the source of noise (<50 m) for the 
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most sensitive receptors (Group 3 fish) as per the continuous noise criteria from Popper et 

al., 2014 (Table 5-36). Whilst there may be a small degree of disturbance to sandeel 

associated with these activities, these are expected to be lower than those associated with 

Group 1 fish, at these levels it will be of a negligible impact and therefore the Proposed 

Development will not hinder the achievement of the site COs.  

Table 5-36 Summary of the impact ranges for the different noise sources related to construction using the continuous 
noise criteria from Popper et al. (2014) for fish (swim bladder involved in hearing).  

Activity 
Recoverable injury 

(170 dB re 1 µPa (48 hours)) 
Temporary threshold shift 

(158 dB re 1 µPa (12 hours)) 

Cable laying < 50 m < 50 m 

Drilling < 50 m < 50 m 

Rock placement < 50 m < 50 m 

Trenching < 50 m < 50 m 

Vessel noise (large) < 50 m < 50 m 

Vessel noise (medium) < 50 m < 50 m 

NOISE AND VIBRATION CONCLUSION 

5.3.79. Sandeel are a group 1 species (Popper et al., 2014) and considered to be the least sensitive 

group to impacts from UWN. 

5.3.80. According to the Feature Activity Sensitivity Tool (FeAST)15, UWN has not been assessed 

and therefore cannot be used in this assessment. However, the assessment within Volume 2, 

Chapter 10 (Fish and Shellfish Ecology) has deemed sandeel to be of low vulnerability to 

UWN with a medium recoverability. Therefore, the sensitivity of sandeel to UWN impacts is 

therefore considered to be low. 

5.3.81. The purpose of the MPA is to minimise mortality of sandeels from anthropogenic pressures in 

the Turbot Bank area to promote the opportunity for larval export. The COs of the Turbot Bank 

MPA state that any temporary reduction of numbers is to be disregarded if the population of 

sandeels is thriving and sufficiently resilient to enable its recovery from such reduction.  

5.3.82. Noise modelling under various piling scenarios has been carried out. The following noise 

impact ranges arising from the various piling scenarios will overlap with the Turbot Bank MPA:  

• Sequential installation of WTG anchor piles (Figure 5-19 and Figure 5-20) 

– Mortality and potential mortal injury (worst case design scenario and more likely 

scenario) 

– Recoverable injury (worst case design scenario and more likely)  

– TTS (worst case design scenario and more likely) 

• Sequential installation of OEP foundation piles (Figure 5-21 and Figure 5-22) 

– TTS (worst case design scenario and more likely) 

• Concurrent installation of WTG anchor piles (Figure 5-23) 

– Mortality and potential mortal injury (more likely) 

– Recoverable injury (more likely)  

– TTS (more likely) 

 
15FeAST is a tool that can be used to assess potential impacts on marine features within Scottish waters. It has been used to 

underpin assessments in Scotland’s Marine Assessment 2020, and for discussions on management requirements for Marine 
Protected Areas and Priority Marine Features: https://feature-activity-sensitivity-tool.scot/ 

https://feature-activity-sensitivity-tool.scot/
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• Concurrent installation of OEP piles (Figure 5-24) 

– TTS (more likely) 

5.3.83. Sandeel have a mortality onset at >213 dB SPLpeak or >219 dB SELcum). The modelling 

revealed that the mortality and potential mortal impacts from sequential and concurrent WTG 

anchor piling will result in an overlap between this impact range with the eastern side of the 

Turbot Bank MPA. However, the risk of mortality occurring will be reduced by use of soft-start 

techniques at the start of the piling sequence which will cause the sandeel to temporarily move 

away from the impact. In addition, as depicted in Figure 5-16, the sandeel distribution model 

suggests zero probability and density of buried of sandeel within this impact range (Langton 

et al., 2021).  

5.3.84. Given the limited spatial extent of the UWN impact ranges for sandeel (Group 1 receptor), 

and the intermittent temporal nature of the piling activities, the impacts from recoverable injury, 

TTS and behavioural effects are not considered to cause a significant reduction in numbers 

to the sandeel population of the Turbot Bank MPA.  

5.3.85. Any reduction in sandeel numbers will be temporary and limited to the duration of piling 

activities. As the proposed piling operations will take place outside of the sandeel spawning 

season (which occurs from November to February), there is no significant risk of this impact 

hindering the achievement of the COs of the sandeel within the Turbot Bank MPA.  

5.3.86. The site is currently in favourable condition (JNCC, 2020) which suggests that the population 

will be sufficiently resilient to these impacts and it is not considered that noise impacts from 

construction and decommissioning activities at the Proposed Development will not hinder the 

achievement of the sites COs. The conclusion is summarised in Table 5-37. 

Table 5-37 Conclusion of assessment against COs with regards to mortality, injury, behavioural impacts and auditory 
masking arising from noise and vibration 

Site-specific advice Assessment conclusion 

Maintain the favourable condition of the feature Activities as a part of the Proposed 
Development, that may result in impacts from 
noise and vibration will not be significant due to 
the recoverability of the feature and mitigation 
implemented. Therefore the Proposed 
Development will not hinder the ability of the 
site to achieve its COs. 

Overall conclusion: The potential for the Sandeel feature to be significantly impacted by the 

presence of the Proposed Development during the construction, O&M and decommissioning phase 

is unlikely. Therefore, the Proposed Development will not hinder the achievement of the site 

COs. 

INCREASED SSC AND DEPOSITION OF DISTURBED SEDIMENTS TO THE SEABED 

5.3.87. The Turbot Bank MPA is located to the South of the ECC and the West side of the MPA 

boundary sits adjacent to the Eastern side of the Array Area (Figure 5-13). 

5.3.88. Sandeel are highly substrate specific (Wright et al., 2000); after an initial larval dispersal 

period, sandeel display a degree of site fidelity (Jensen et al., 2011) so their settled distribution 

reflects the distribution of preferred habitat. Sandeel rarely occur in sediments where the silt 

content (particle size <0.63 µm) is greater than 4%, and they are absent in substrates with a 

silt content greater than 10% (Holland et al., 2005; Wright et al., 2000). It has been found that 

they tend to occupy the top 4 cm of the seabed and regulate their burial depth based on 

oxygen availability (Behrens et al., 2007). High intensity sandeel spawning grounds (Ellis et 

al., 2012) are located within the Array Area and offshore ECC as well as within the Turbot 



 

 

Page | 122 

Bank MPA (Figure 5-14). In addition to this, the majority of the Proposed Development and 

areas within the Turbot Bank MPA was identified as having 'Preferred' sediments, using the 

method outlined by MarineSpace Ltd et al. (2013).  

5.3.89. Temporary localised increases in SSC and associated sediment deposition and smothering 

are expected from foundation and cable installation works, and seabed preparation works 

(including PLGR). This assessment should be read in conjunction with Volume 2 Chapter 10 

(Fish and Shellfish Ecology), Volume 2, Chapter 7 (Marine and Coastal Processes) and 

Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical Report), which provides 

the detailed offshore physical environment assessment (including project specific modelling 

of sediment plumes). 

5.3.90. In the Array Area and offshore ECC, temporary localised increases in SSC and associated 

sediment deposition and smothering are expected from foundation and cable installation 

works and seabed preparation works (including PLGR). The activities associated with the 

Proposed Development which will result in the greatest disturbance of seabed sediments are: 

• Pre-lay cable trenching using a jetting tool at the seabed; 

• Seabed preparation (including PLGR and boulder clearance) including spoil disposal via 

a jetting tool; 

• Foundation installation using drilling techniques; and 

• Drilling fluid and sediment release during HDD operations. 

5.3.91. Suspended Particulate Matter (SPM) concentrations are typically low in the Array Area, with 

surface concentrations of up to 5 mg/l recorded between the period 1998 to 2015, although 

near-bed SPM levels may be significantly elevated during storm events. Higher values will 

occur during spring tides and storm conditions, with the greatest concentrations encountered 

close to the seabed (Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical 

Report)). SPM concentrations across the whole offshore ECC are generally low, with surface 

levels reaching up to 5 mg/l between 1998 and 2015. However, near-bed SPM levels can rise 

significantly during storm events, and elevated concentrations are observed near the coast 

due to wave-bed interaction and riverine sediment inputs are likely as described above for the 

Array Area.   

5.3.92. Table 5-26 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 and localised increases in SSC. Site-specific modelling of 

sediment plumes and deposition (Volume 3, Appendix 7.2 (Marine Processes Modelling 

Report)) from seabed preparation and installation activities along the offshore ECC, and within 

the 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.  

5.3.93. HDD modelling results detailed in Volume 3, Appendix 7.2 (Marine Processes Modelling 

Report) indicate an increase in SSC of more than 0.5 mg/l is confined to an area extending 

roughly 6 km north and south of the release point. As such the impacts from HDD are 

sufficiently far enough from the Turbot Bank MPA to not have a conceivable impact pathway, 

and will not be considered further in this assessment.  

FOUNDATION AND ANCHOR INSTALLATION USING DRILLING TECHNIQUES 

5.3.94. 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. 
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5.3.95. The impact of drilling operations mainly relates to the release of drilling spoil at or above the 

water surface 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). While some of the 

other options could result in the release of large sediment volumes (for example drag 

embedded anchors), the impact of these is expected to be of relatively short duration and in 

close proximity to the bed. 

5.3.96. The impact is predicted to be of local spatial extent limited to the secondary Zone of Influence 

(ZoI) of the subtidal study area as defined in Volume 2, Chapter 7 (Marine and Coastal 

Processes). The impact is also predicted to be of short-term duration, likely to be negligible 

after several tidal cycles. The predicted impact to SSC will be temporary. 

5.3.97. 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. 

EXPORT CABLE INSTALLATION 

5.3.98. Modelling of the installation of export cables indicates that the highest elevations in SSC are 

anticipated to occur in discrete areas at the nearshore extent of the offshore ECC and within 

the Array Area. Any elevations in SSC from export cable installation above 20 mg/l however, 

are expected to be of short duration (less than 7.2 hours). Increases in SSC from export cable 

installation are typically less than 5 mg/l and constrained to within 8 km to the north of the 

ECC and within 20 km south of the offshore ECC (which overlaps with the Turbot Bank MPA), 

reflecting a southward flow dominance. While some of the other options could result in the 

release of large sediment volumes (for example drag embedded anchors), the impact of these 

is expected to be of relatively short duration and in close proximity to the bed. The impact is 

predicted to be of local spatial extent limited to the secondary ZoI of the subtidal study area 

as defined in Volume 2, Chapter 7 (Marine and Coastal Processes). The impact is also 

predicted to be of short-term duration, likely to be negligible after several tidal cycles. The 

predicted impact to SSC will be temporary. 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. 

5.3.99. Export cable installation modelling indicates that directly along the path of the jet trencher, 

sedimentation thickness is typically around 4 to 6 mm, with some small areas where thickness 

is more than 10 mm. Outside of the offshore ECC, the sediment thickness is less than 2 mm, 

with a more extensive area of deposits to the south of the offshore ECC. Jet trenching is 

anticipated to result in a short duration of elevated SSC (over 20 mg/l), with elevations rapidly 

reducing to values of less than 5 m/l once the jet trencher has moved on. The tidal flow quickly 

disperses the plume so that SSC drops to less than 5 mg/l within one tidal cycle. Further from 

the path of the jet trencher, peak concentrations are lower, being in the range of 8 mg/l to 

18 mg/l. While some of the other options could result in the release of large sediment volumes 

(for example drag embedded anchors), the impact of these is expected to be of relatively short 

duration and in close proximity to the bed. 

5.3.100. The impact is predicted to be of local spatial extent limited to the secondary ZoI of the subtidal 

study area as defined in Volume 2, Chapter 7 (Marine and Coastal Processes). The impact is 
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also predicted to be of short-term duration, likely to be negligible after several tidal cycles. 

The predicted impact to SSC will be temporary.  

5.3.101. 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.  

INTER-ARRAY CABLE INSTALLATION   

5.3.102. Modelling indicates that peaks of SSC up to 200 mg/l are anticipated in proximity to the works, 

with elevations expected to remain very localised to the activity, with very limited transport of 

the suspended sediment predicted. This is a result of the low tidal currents combined with the 

sediment being released relatively close to the seabed. The SSC is expected to quickly reduce 

to values of less than 5m/l once the jet trencher has moved away.  

5.3.103. Increases in SSC above 50 mg/l due to the cable installation only occurred for a short duration 

of time (less than 7.2 hours), with SSC typically being less than 30 mg/l except for small 

patches around the OEP(s) within the Array Area. Any increases in SSC of above 10 mg/l 

from inter-array cable installation are expected to be mainly constrained within the footprint of 

the Array Area. Following the end of the cable installation, SSC quickly reduces to background 

concentrations with no increases in background concentrations within six days of the end of 

the installation activity. Sedimentation of more than 10 mm is predicted in the Array Area, with 

any sedimentation outside of the Array Area (including the Turbot Bank MPA) anticipated to 

be less than 3 mm. This deposition is likely to become integrated into the local sediment 

transport regime and will be redistributed by tidal currents. 

INTERCONNECTOR CABLE INSTALLATION 

5.3.104. Installation of the interconnector cables would produce the same modelling results of as the 

installation of the inter-array cable installation, as the worst case assumptions for both cable 

installations are the same (see Table 5-26). As such, peaks of SSC up to 200 mg/l are 

anticipated in proximity to the interconnector cable installation works, with elevations expected 

to remain very localised to the activity, with very limited transport of the suspended sediment 

predicted. This is a result of the low tidal currents combined with the sediment being released 

relatively close to the seabed. The SSC is expected to quickly reduce to values of less than 

5m/l once the jet trencher has moved away.  

5.3.105. Increases in SSC above 50 mg/l due to the interconnector cable installation will occur for a 

short duration of time (less than 7.2 hours), with SSC typically being less than 30 mg/l except 

for small patches around in-between the OEP(s). Following the end of the interconnector 

cable installation, SSC quickly reduces to background concentrations with no increases in 

background concentrations within six days of the end of the installation activity.  

5.3.106. Sedimentation of more than 10 mm is predicted in between the OEP(s), with any 

sedimentation outside of the corridor between the OEP(s) (i.e. outside of the Array Area 

and/or offshore ECC depending on the final location of the OEP(s), is anticipated to be less 

than 3 mm.  

INCREASED SSC AND DEPOSITION OF DISTURBED SEDIMENT SUMMARY 

5.3.107. To conclude, the magnitude of change from increases in SSC and associated deposition from 

the HDD operations, foundation and anchor installation, export cable and inter-array cable 

installation is noticeable but temporary, with the majority of impacts limited to the near-field 

and of short-term duration. The magnitude of impact for these activities has therefore been 

assessed as low. 
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5.3.108. The secondary impacts of increased concentrations of SSC in the water column and 

smothering (from deposition of particles as a result of comparable activities such as dredging 

and screening of cargo), have been shown to be inconsequential to sandeel species 

(MarineSpace Ltd, 2010). Sandeel eggs are also likely tolerant to increases in SSC and 

smothering from sediment deposition, due to the nature of resuspension and deposition within 

their natural high energy environment. Sandeel deposit eggs on the seabed in the vicinity of 

their burrows between December and January. Due to the discreet level of overlap between 

predicted levels of increased SSCs and deposition of disturbed sediment with the Turbot Bank 

MPA, and the low sensitivity of sandeel to this impact, there is no significant risk of this impact 

hindering the achievement of the COs of the sandeel within the Turbot Bank MPA.  

5.3.109. It is not considered that impacts arising from increased SSCs and deposition of sediment from 

construction and decommissioning activities of the Proposed Development will not hinder the 

achievement of the sites COs. This conclusion is summarised in Table 5-38. 

Table 5-38 Conclusion of assessment against COs with regards to increased SSC and deposition of disturbed 
sediment 

Site-specific advice Assessment conclusion 

Maintain the favourable condition of the feature Activities as a part of the Proposed 
Development, that may result increased SSC 
and deposition of sediment will not be significant 
due to the short-term temporary nature of the 
impact and resilience of the feature to the impact. 
Therefore the Proposed Development will not 
hinder the ability of the site to achieve its COs. 

Overall conclusion: The potential for the Sandeel feature to be significantly impacted by the 

presence of the Proposed Development during the construction, O&M and decommissioning phase 

is negligible. Therefore, the Proposed Development will not hinder the achievement of the site 

COs. 

PHYSICAL HABITAT LOSS/DISTURBANCE 

5.3.110. On account of the demersal spawning nature of sandeel, they are considered to be vulnerable 

to the impacts of temporary habitat disturbance during the construction phase of development. 

Sandeel are considered most vulnerable during spawning when they are less mobile, with 

their eggs and larvae considered to be unable to avoid this impact. Sandeel are demersal 

spawners and are reliant upon the presence of suitable substrates for spawning (i.e., sandy 

sediments); as well as laying demersal eggs, sandeel. The maximum area of temporary 

habitat loss/disturbance due to the presence of foundations, scour protection and cable 

protection is approximately 7.7 km2 (as presented in Table 5-26) and equates to approximately 

2% of the total seabed area within the boundaries of the Proposed Development. Of the total 

area of temporary habitat loss described in Table 5-26, a maximum of approximately 819,000 

m2 will be temporarily disturbed within the subtidal areas of the offshore ECC as a result of 

seabed preparation, export cable installation, burial and jointing. This equates to 

approximately 0.4% of the total seabed area within the offshore ECC. 

5.3.111. As depicted in Figure 5-13, the offshore ECC is located closely to the Turbot Bank MPA. 

However, there is an embedded commitment (C39) as detailed within Volume 2, Chapter 10 

(Fish and Shellfish Ecology) which states the following: the Turbot Bank MPA will not be 

crossed by the ECC. As a result of this embedded commitment there will be no physical 

habitat loss to the Turbot Bank MPA and therefore the COs of the site will not be hindered. 

5.3.112. This commitment (C39) also means that there will be no permanent habitat loss during the 

O&M phase and therefore this impact is not considered within this assessment.  
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PHYSICAL HABITAT LOSS/ DISTURBANCE CONCLUSION 

5.3.113. Sandeel are demersal spawners and are reliant upon the presence of suitable substrates for 

spawning (i.e., sandy sediments); as well as laying demersal eggs, sandeel. The maximum 

area of temporary habitat loss/disturbance due to the presence of foundations, scour 

protection and cable protection is approximately 7.7 km2 (as presented in Table 5-26) and 

equates to approximately 2% of the total seabed area within the boundaries of the Proposed 

Development. Of the total area of temporary habitat loss described in Table 5-26, a maximum 

of approximately 819,000 m2 will be temporarily disturbed within the subtidal areas of the 

offshore ECC as a result of seabed preparation, export cable installation, burial and jointing. 

This equates to approximately 0.4% of the total seabed area within the offshore ECC. As 

depicted in Figure 5-13, the offshore ECC is located closely to the Turbot Bank MPA. 

However, there is an embedded commitment (C39) as detailed within Volume 2, Chapter 10 

(Fish and Shellfish Ecology) which states the following: The Turbot Bank MPA will not be 

crossed by the ECC. 

5.3.114. As a result of this embedded commitment there will be no physical habitat loss to the Turbot 

Bank MPA and therefore the Proposed Development will not hinder the achievement of the 

sites COs. 

5.3.115. This commitment (C39) also means that there will be no permanent habitat loss during the 

O&M phase and therefore this impact is not considered within this assessment. 

5.3.116. Due to the embedded commitment (C39) there will not be significant impacts to sandeel 

arising from physical habitat loss/disturbance during the construction or O&M phase. 

Therefore, it can be concluded that there is no significant risk the Proposed Development will 

hinder the achievement of the sites COs arising from physical habitat loss/disturbance. This 

conclusion is summarised in Table 5-39. 

Table 5-39 Conclusion of assessment against COs with regards to physical habitat loss/ disturbance 

Site-specific advice Assessment conclusion 

Maintain the favourable condition of the feature Activities as a part of the Proposed Development 
that may result in physical habitat loss/ 
disturbance will not be significant due to the 
mitigation preventing overlap of the Proposed 
Development and the MPA. Therefore the 
Proposed Development will not hinder the 
achievement of the sites COs.  

Overall conclusion: The potential for the Sandeel feature to be significantly impacted by the 

presence of the Proposed Development during the construction, O&M and decommissioning phase 

is negligible. Therefore, the Proposed Development will not hinder the achievement of the site 

COs. 

OPERATION AND MAINTENANCE 

5.3.117. This section will assess all impacts that have been identified to have an LSE to the Turbot 

Bank MPA for the O&M phase. These impacts are assessed in the following sections. 

MORTALITY, INJURY, BEHAVIOURAL IMPACTS, AND AUDITORY MASKING ARISING FROM 

NOISE AND VIBRATION 

5.3.118. As discussed in paragraph 5.3.6 et seq., UWN can potentially have a negative impact on 

sandeel, however, the UWN generated from O&M activities will be negligible, in comparison 

to the UWN generated during construction and decommissioning activities. Sandeels are also 

considered less sensitive to UWN than other species as they lack a swim bladder. 
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5.3.119. UWN from an operational turbine mainly originates from the gearbox and the generator and 

has tonal characteristics (Madsen et al., 2005; Tougaard et al., 2009). The radiated levels are 

low and the spatial extent of the potential impact of the operational wind farm noise on marine 

receptors is generally estimated to be small and thus unlikely to result in any injury to fish 

(Wahlberg and Westerberg, 2005). Besides the sound source level, the potential for impact 

will also depend on the propagation environment, the ambient sound levels and the receptor’s 

hearing ability and the ambient sound levels. 

5.3.120. Marine animals may perceive the radiated tonal components where they exist above the 

ambient noise levels, which may result in a behavioural response of the receptor or lead to a 

reduced detection of other sounds due to masking. Previous studies show that behavioural 

responses of fish are only likely at close ranges from the turbine, (i.e., a few metres) (Wahlberg 

and Westerberg, 2005). 

5.3.121. Although impacts on fish are difficult to establish given the lack of information available in the 

scientific literature, there is indicative evidence that fish would be unlikely to show significant 

avoidance to the noise levels radiating from the turbine. International Council for the 

Exploration of the Sea (ICES) has formulated recommendations for maximum radiated UWN 

from research vessels which are approximately 30 dB above the hearing threshold of cod and 

herring (group 3 species) (Mitson, 1995). The implication of this is that the presence of 

continuous noise that is not significantly above the hearing threshold of fish is not thought to 

cause any significant movement of fish away from the source.  

5.3.122. Studies of very low frequency sound have indicated that consistent deterrence from the 

source is only likely to occur at particle accelerations equivalent to a free-field sound pressure 

level of 160 dB re 1μPa (RMS) (Sand et al., 2001). This is higher than the noise levels reported 

in the open literature and for operational OWFs measured at several ranges, all within a few 

hundred metres of the turbine (Nedwell et al., 2007; Edwards et al., 2007; et al., 2004, see 

also Wahlberg and Westerberg, 2005 and Madsen et al., 2006).  Using the Tougaard et al. 

(2020) calculator for noise from operational WTGs, this would suggest an upper limit of 133 

dB re 1 µPa (Lp) at 150 m for floating turbines at the Proposed Development. Using this 

extrapolated level and the Popper et al. (2014) criteria for continuous noise, the TTS threshold 

of 158 dB (Lp) would require an individual to be closer than 20 m for 12 hours continuously. 

5.3.123. Using the Tougaard et al. (2020) calculator for noise from operational WTGs, this would 

suggest an upper limit of 133 dB re 1 µPa (Lp) at 150 m for floating turbines at the Proposed 

Development. Using this extrapolated level and the Popper et al. (2014) criteria for continuous 

noise, the TTS threshold of 158 dB (Lp) would require an individual to be closer than 20 m for 

12 hours continuously. 

5.3.124. The particle acceleration resulting from an operational wind turbine has also been measured 

by Sigray et al. (2011) with the resultant levels being considered too low to be of concern for 

behavioural reactions from fish. Furthermore, the particle acceleration levels measured at 

10m from the turbine were comparable with hearing thresholds. Whilst limited, the available 

data provides an indicator that operational wind turbines are unlikely to result in disturbance 

of fish except within very close proximity of the turbine structure, as postulated by Wahlberg 

and Westerberg (2005). However, the available measurement data is mostly for smaller 

turbines (up to 1.5 MW), and it would be expected that larger wind turbines would result in 

different acoustic characteristics, with foundation type also having an influence on the acoustic 

characteristics of the noise radiated from the structure. 

5.3.125. There is little empirical data for the operational noise produced by floating WTGs. For 

example, Tougaard et al. (2020) and the study by Stöber and Thomsen (2021) did not 

consider any floating designs and reliable noise thresholds are recommended to identify 

disturbances from rare or intermittent impulses of this type. Mooring lines have been 

described as producing a "snapping" noise related to tension release (Jasco et al., 2011). 
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According to Jasco (2011), up to 23 snaps were identified per day were identified 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 

(e.g., all WTGs producing the maximum number of snaps daily, equivalent noise levels from 

multiple locations affecting a receptor equally) and is below any injury criteria for fish. 

5.3.126. As well as relatively low noise levels from the operational machinery in a variety of conditions, 

measurements taken by Jasco (2011) for Statoil in Norway identified what appeared to be a 

“snapping” noise that was thought to be related to tension release in the mooring system, 

although this has not been verified. It is understood that the mooring cables are designed to 

be permanently in tension such that no line should ever go into slack, even in extreme 

conditions, partly to avoid the risk of entanglement of marine mammals (Statoil, 2015). If the 

cables are the source of the noise, this will be caused by the specific circumstances at the 

HYWIND 1 project: that is, the depth of water, length of cables in use, current and current 

fluctuations. The findings at HYWIND 1 were isolated, and it does not necessarily follow that 

this will occur at the Proposed Development but does not rule out the potential for it either. 

Unless there was further evidence that other floating WTG moorings, or some other noise 

source associated with the WTGs, is shown to create this snap then it may be an anomaly or 

potentially even an artifact of the monitoring system (although the latter is unlikely). 

5.3.127. According to Jasco (2011), up to 23 of these snaps were identified per day. Over the two 

months of monitoring undertaken by Jasco, less than ten snaps exceeding 160 dB re 1 µPa 

(Lp) at the measurement position, 150 m from the WTG, were identified on most days. 

5.3.128. There are no reliable noise thresholds that would be recommended to identify disturbance for 

rare/intermittent impulses of this type. As any snapping occurs at an average rate of less than 

one snap per hour, disturbance leading to avoidance behaviour is considered unlikely. Noise 

would also result from surface vessels servicing the windfarm. However, noise levels reported 

by Malme et al. (1989) and Richardson et al. (1995) for large surface vessels indicate that 

physiological damage to fish is unlikely, although the levels could be sufficient to cause local 

disturbance of sensitive marine fauna (e.g., clupeids such as herring and sprat) in the 

immediate vicinity of the vessel, depending on ambient noise levels. Considering the 

operational turbine noise of the wind farm and any associated service vessels, the ambient 

noise levels within the site would be expected to be lower than those present in the vicinity of 

nearby shipping lanes. 

MORTALITY AND POTENTIAL INJURY  

5.3.129. As described in 8.2.1. et seq., sandeels are considered a Group 1 species (mortality onset at 

>213 dB SPLpeak or >219 dB SELcum) as they lack a swim bladder and are therefore 

considered less sensitive to UWN than other species.  

5.3.130. The scientific literature currently available suggests the UWN generated from both fixed and 

floating WTGs is at the worst case 160 dB re 1 µPa (Lp) as a result of mooring lines on floating 

WTGs producing a "snapping" noise related to tension release (Jasco et al., 2011). The latter 

is well below the sandeel mortality onset at >213 dB SPLpeak or >219 dB SELcum and is 

therefore not likely to cause population level impacts to the sandeel numbers of Turbot Bank 

MPA. 

RECOVERABLE INJURY 

5.3.131. As noted previously, all Group 1 receptors, which includes sandeel (recoverable injury onset 

at >216dB SELcum or >213dB SPLpeak) have low sensitivity to UWN. 
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5.3.132. The scientific literature currently available suggests the UWN generated from both fixed and 

floating WTGs is at the worst case 160 dB re 1 µPa (Lp/RMS) as a result of mooring lines on 

floating WTGs producing a "snapping" noise related to tension release (Jasco et al., 2011), 

which is well below the sandeel recoverable injury onset (at >216dB SELcum or >213dB 

SPLpeak) ,and therefore this impact will not hinder the conservations objectives at the Turbot 

Bank MPA. 

5.3.133. TAs described in 5.3.58 et seq., TTS is a temporary reduction in hearing sensitivity caused 

by exposure to intense sound. Group 1 receptors, including sandeel, have a low sensitivity to 

UWN with a TTS threshold of >>186 dB SELcum. 

5.3.134. In terms of UWN generated from the O&M of floating WTGs is at the worst case 160 dB re 1 

µPa (Lp/RMS) as a result of mooring lines on floating WTGs producing a "snapping" noise 

related to tension release (Jasco et al., 2011), which is below the sandeel TTS onset at >>186 

dB SELcum and is therefore the Proposed Development will not hinder the achievement of the 

site COs. 

BEHAVIOURAL EFFECTS 

5.3.135. As mentioned in paragraph 5.3.120, previous studies show that behavioral responses from 

fish are only likely at close ranges from the turbine (within a few meters). Whilst at the closest 

point, the Turbot Bank MPA is 0.03km from the Proposed Development, and so it is unlikely 

that the noise generated from the WTGs in the O&M phase will have any behavioral impacts 

on sandeel situated within the Turbot Bank MPA. 

INCREASES IN SSCS AND CHANGES TO SEABED LEVELS  

5.3.136. This section addresses the potential for hinderance of the COs from effects associated with 

the dispersion of suspended sediments and any associated deposition and smothering, 

expected from O&M activities. This assessment should be read in conjunction with Volume 2, 

Chapter 10 (Fish and Shellfish Ecology); Volume 2, Chapter 7 (Marine and Coastal 

Processes) and Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical Report) 

which provides the detailed offshore physical environment assessment (including project 

specific modelling of sediment plumes). Table 5-26 presents the WCS associated with 

increases in SSC and deposition. 

5.3.137. During O&M activities (e.g. maintenance of structures, remedial works on cable and scour 

protection) sediment may be disturbed and released into the water column. This will give rise 

to suspended sediment plumes and localised changes in seabed levels as material settles 

out of suspension.  

5.3.138. The Turbot Bank MPA is positioned directly along the eastern boundary of the Array Area and 

within the secondary ZoI. The Langton et al. (2021), sandeel distribution model also suggests 

a moderate-high probability and density of buried of sandeel within and adjacent to the most 

westerly part of the offshore ECC (Figure 5-16).  

5.3.139. The secondary impacts of increased concentrations of SSC in the water column and 

smothering (from deposition of particles as a result of comparable activities such as dredging 

and screening of cargo), have been shown to be inconsequential to sandeel species 

(MarineSpace Ltd, 2010). Sandeel eggs are also likely tolerant to increases in SSC and 

smothering from sediment deposition, due to the nature of resuspension and deposition within 

their natural high energy environment. Sandeel deposit eggs on the seabed in the vicinity of 

their burrows between December and January.  

5.3.140. The maximum distance, and as such, the overall spatial extent that any resultant plume might 

be reasonably experienced, can be estimated as the spring tidal excursion distance. Modelling 

indicates that increases in SSC from the cable installation is typically less than 5 mg/l except 
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for small patches within the Array Area, or near the coastline. Increases in SSC from the cable 

installation above 0.5 mg/l are constrained within 8 km to the north of, and 20 km south of the 

offshore ECC, reflecting the southward tidal flow dominance, although these levels are 

comparable to background variations with surface concentrations of up to 5 mg/l recorded 

(Cefas, 2016). 

5.3.141. Overall, the modelling results have predicted that the impacts arising from construction 

activities are relatively small and are predominantly constrained to occur within the Array 

Areas and along the offshore ECC and with SSC quickly returning to background levels after 

the activity is ceased. 

5.3.142. It is considered that any location beyond the tidal excursion distance is unlikely to experience 

any measurable change in SSC from a sediment plume. Given the nature of the sediment 

disturbance (temporary), any impacts are also anticipated to be short-lived, with any deposited 

material re-worked.  

5.3.143. Taking the above into consideration, the impact of increased SSC and smothering from 

sediment deposition associated with construction activities is noticeable but temporary, with 

the majority of effects limited to the near field. Whilst this will occur within the Turbot Bank 

MPA, any impacts on sandeel are expected to be relatively small in the context of the 

spawning habitat available across the northern North Sea. Therefore, sandeel are deemed to 

be of low vulnerability in terms of increased SSC arising from O&M activities. Consequently, 

it is considered that the site COs will be maintained in the long-term.  

5.3.144. There is, therefore, no significant risk the Proposed Development will hinder the achievement 

of the site COs in relation to increased SSC and deposition of disturbed sediment to the 

seabed from O&M activities and therefore, subject to natural change, the feature will be 

maintained in the long term.  

PHYSICAL HABITAT LOSS/DISTURBANCE 

5.3.145. As per paragraph 5.3.112, there will be no permanent habitat loss during the O&M phase and 

therefore this impact is not considered within this assessment. 

OPERATIONAL AND MAINTENANCE CONCLUSION 

5.3.146. The purpose of the Turbot Bank MPA is to minimise mortality of sandeels from anthropogenic 

pressures in the Turbot Bank area to promote the opportunity for larval export. The COs of 

the Turbot Bank MPA state that any temporary reduction of numbers is to be disregarded if 

the population of sandeels is thriving and sufficiently resilient to enable its recovery from such 

reduction.  

5.3.147. The change from increases in SSC and associated deposition from the foundation and anchor 

installation, and inter-array cable installation is noticeable but temporary, with the majority of 

impacts limited to the near-field and of short-term duration. The change from increases in SSC 

and associated deposition from export cable installation using jetting tools is of short duration 

but has a larger spatial extent. The Turbot Bank MPA is positioned directly along the eastern 

boundary of the Array Area and within the secondary ZoI as described in Volume 2, Chapter 

7 (Marine and Coastal Processes). To note, the Langton et al. (2021) sandeel distribution 

model suggests zero probability and density of buried of sandeel across the adjacent to the 

offshore ECC (Figure 5-16).  

5.3.148. The secondary impacts of increased concentrations of SSC in the water column and 

smothering (from deposition of particles as a result of comparable activities such as dredging 

and screening of cargo), have been shown to be inconsequential to sandeel species 

(MarineSpace Ltd, 2010). Sandeel eggs are also likely tolerant to increases in SSC and 

smothering from sediment deposition, due to the nature of resuspension and deposition within 
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their natural high energy environment. Sandeel deposit eggs on the seabed in the vicinity of 

their burrows between December and January.  

5.3.149. Volume 2, Chapter 10 (Fish and Shellfish Ecology) has assessed sandeel as being of low 

vulnerability with a medium recoverability to increases in SSC and deposition of disturbed 

sediments. According to the FeAST, sandeel exhibit a medium sensitivity to light siltation rate 

changes (up to 5 cm of fine material added to the seabed) and high sensitivity to heavy 

siltation rate changes (between 5 cm and 30 cm of fine material added to the seabed). 

However, the recoverability and tolerance to this impact has not been assessed. The worst 

case impacts to sandeel will be from sediment deposition due to their specific sediment 

requirements. Sediment deposition modelling indicates that the worst deposition is likely to be 

in relation to cable installation with sedimentation thickness typically of between 4 to 6 mm, 

with some small areas where thickness is more than 10 mm which is considerably less than 

sandeel are assessed to be of low vulnerability to (Volume 2, Chapter 10 (Fish and Shellfish 

Ecology)). To note areas where more than 10 m are predicted to deposit are within the Array 

Area, and do not extend into the Turbot Bank MPA. 

5.3.150. The site is currently in favourable condition (JNCC, 2020) which suggests that the population 

will be sufficiently resilient to these impacts. Therefore, population level impacts to sandeel of 

the Turbot Bank MPA will not occur as a result of SSC and associated sediment deposition. 

5.3.151. Due to the temporary nature and low vulnerability of sandeel to the impact, there is, therefore, 

no significant risk the Proposed Development will hinder the achievement of the sites COs by 

increased SSC and associated depositing arising from construction activities and, subject to 

natural change, the feature will be maintained in the long term. These conclusions are 

summarised in Table 5-37, Table 5-38 and Table 5-39. 
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6. STAGE 2: CUMULATIVE ASSESSMENT OF 

EFFECTS ON SITE CONSERVATION OBJECTIVES 

6.1. SOUTHERN TRENCH MPA 

BURROWED MUD ASSESSMENT 

SCREENING IMPACT PATHWAYS 

6.1.1. The Cumulative Effect Assessment (CEA) for burrowed mud has been undertaken with 

respect to the ‘worst case’ design scenario detailed in Table 5-1.  

6.1.2. Certain impacts assessed for the Proposed Development (Offshore) alone are not considered 

in the cumulative assessment due to: 

• The highly localised nature of the impacts (i.e., the occur entirely within the Proposed 

Development boundary only); 

• Management measures in place for the Proposed Development will also be in place on 

other projects reducing the risk of impact occurring; and/or 

• Where the potential significance of the impact from the Proposed Development alone 

has been assessed as negligible. 

6.1.3. Therefore, the cumulative assessment has only considered the temporary increase in SSC 

and sediment deposition during construction. The magnitude of temporary habitat disturbance 

from jack-up and maintenance activities related to the Proposed Development on benthic 

subtidal receptors is considered to be negligible and has therefore not been included in this 

CEA as an O&M impact. The cumulative WCS described in Table 5-1 has selected those that 

have the potential to result in the greatest cumulative effect on an identified receptor group. 

Effects of greater adverse significance are not predicted to arise should any other 

development scenario (based on details within the design envelope to that assessed here), 

be taken forward in the final design scheme. 

SCREENING PROJECTS 

6.1.4. The potential for assessment of ability to achieve site COs cumulatively for burrowed mud 

habitat within the Southern Trench MPA is determined based on whether a plan or project is 

located within sufficient proximity (15 km - based on the maximum potential ZoI associated 

with increased suspended sediment defined by the tidal ellipses) to the MPA.  

6.1.5. Based on the above criteria and similar project screening reports, the plans and projects 

currently proposed to be screened in for burrowed mud CEA are presented within Table 6-1. 

Note that only references to the distances to the ECC are made here as this represents the 

portion of the Proposed Development which overlaps with the Southern Trench MPA and the 

Array Area is more than 15 km from the MPA, and as such, any activities within the Array 

Area are screened out of the cumulative assessment. 

Table 6-1 Other Plans/Projects Relevant to the CEA for the Southern Trench MPA, Burrowed Mud feature 

Development Summary Status Distance 
from 

ECC (km) 

North Buchan Ness Disposal site O&M 0.98 

Peterhead Harbour Disposal site O&M 1.13 

Fraserburgh (CR060)  Disposal site O&M 13.52 
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Development Summary Status Distance 
from 

ECC (km) 

20” Gas Fulmar A – St. Fergus (PL208) Pipeline O&M 0.45 

PL2074 FHT Spool Pipeline O&M 7.11 

Buzzard (P) to Forties Hot Tap (PL2074) Pipeline O&M 7.17 

Britannia to St Fergus Pipeline O&M 2.66 

Peterhead to Drax High Voltage Direct Current 
(HVDC) (E4D3) 

Pipeline Construction 0 

Peterhead to South Humber (E4L5) Cable Construction 0 

32 IN MCP01 Bypass Bundle to St Fergus Gas 
Plant (PL6S) 

Cable O&M 1.58 

HFC to St Fergus South (PL7S) Pipeline O&M 1.6 

36” Gas Brent A – St Fergus (Flags) (PL002) Cable O&M 1.72 

Hywind OWF Offshore Energy O&M 0.06 

Salamander OWF Offshore Energy Awaiting 
determination 

9.10 

Shetland HVDC Link Cable Under 
construction 

112.1 

Moray West Offshore ECC Offshore Energy Under 
construction 

87.5 

Stromar ECC Offshore Energy Concept/early 
planning 

95.7 

CUMULATIVE TEMPORARY INCREASE IN SSC AND SEDIMENT DEPOSITION 

6.1.6. Due to uncertainty associated with the exact timing of other projects and activities, there is 

insufficient data on which to undertake a quantitative or semi-quantitative assessment. As 

such, the discussion presented here is qualitative. It is considered highly unlikely that each of 

the identified projects would be undertaking major maintenance works, in particular asset 

reburial or repairs, as these are infrequent occurrences during the lifetime of developments. 

6.1.7. North Buchan Ness and Peterhead disposal grounds are located approximately 1 km from 

the ECC. On the basis of sediment plume modelling it can reasonably be assumed that 

sediment plumes may be advected this distance from the Proposed Development 

infrastructure. This means that in theory, should construction activities associated with the 

Proposed Development be occurring at the same time as aggregate extraction, there could 

be the potential for cumulative changes in SSC and bed levels. According to figures provided 

by British Marine Aggregate Producers Association (BMAPA) for the last five years, dredging 

intensity within these areas primarily ranges from low (<15 minutes) to medium (15 minutes 

to 75 minutes), with only a small proportion dredged at a high intensity (>75 minutes). 

6.1.8. As detailed by the numerical modelling the levels of sediment dispersion associated with the 

Proposed Development are high. However, almost all sediment plumes are indistinguishable 

from background levels after 20 hours. Given the short-lived nature of the sediment plumes, 

and the location of other infrastructure, there is not anticipated to be a notable overlap with 

concentrated sediment plumes created from disposal activities, with any overlap that does 

occur likely to be temporary and restricted to the near field. The potential maximum magnitude 

of cumulative effects is assessed as low due to the short-term duration of construction, 

maintenance, and decommissioning activities, as well as the intermittent, localised, and 

temporary nature of changes in SSC and sediment deposition.  
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6.1.9. There is, therefore, no significant risk the Proposed Development will hinder the achievement 

of the COs, in regard to the Southern Trench MPA in relation burrowed mud associated with 

suspended sediment/deposition from the Proposed Development cumulatively with other 

development considered alone during construction, O&M and decommissioning and 

therefore, subject to natural change, the designated feature will be maintained in the long-

term. 

MINKE WHALE ASSESSMENT 

SCREENING IMPACT PATHWAYS 

6.1.10. Certain impacts assessed for the Proposed Development alone are not considered in the 

marine mammal CEA due to: 

• The highly localised nature of the impacts; and 

• Management and mitigation measures in place at the Proposed Development and on 

other projects that will reduce the risk of cumulative effects.  

6.1.11. The impacts excluded from the CEA for the Southern Trench MPA for these reasons are 

presented in Table 6-2. 

Table 6-2 Impact pathways screened out of the CEA for the Southern Trench MPA 

Impact Justification for being screened-out 

Auditory 
injury  

Any risk of PTS during construction activities (geophysical surveys, UXO 
clearance, piling) will be mitigated through MMMPs. 

Any risk of PTS during decommissioning will be determined via appropriate 
decommissioning plans and if required, mitigated.  

Any non-piling construction noise sources will have a local spatial extent and 
therefore represent a minimal risk of injury. Moreover, it is anticipated that UWN 
associated with vessel activity will deter animals from the injury zone. As such, 
assuming application of appropriate mitigation measures, any risk of injury PTS 
from piling, UXO clearance or other activities is considered to be negligible and, 
therefore, the potential for cumulative effects of PTS on minke whale are not 
considered further. Further, where PTS may result from activities such as pile 
driving and UXO clearance, as a requirement of European Protected Species 
legislation, suitable mitigation must be put in place to reduce injury risk to minke 
whale to negligible levels across all projects considered in the cumulative 
assessment (JNCC, 2010a, b).  

Disturbance 
due to 
operational 
noise 

The UWN associated with the operational phase of the OWFs have the potential to 
alter the acoustic soundscape within close vicinity to the respective Array Areas. 
Given that Array Areas of the projects considered in the cumulative assessment do 
not overlap with the Southern Trench MPA, the potential for significant cumulative 
effects is minimal and therefore this impact was not considered further. 

Collision with 
WTGs 

No collisions of marine mammals have ever been observed with tidal turbines or 
other marine renewable energy infrastructure (Copping et al. 2020b). Further, 
given that Array Areas of the projects considered in the cumulative assessment do 
not overlap with the Southern Trench MPA, the potential for significant cumulative 
collision effects with WTGs is minimal. Therefore, this impact was not considered 
further. 
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6.1.12. The following impacts have been considered in the cumulative assessment for the 

construction phase: 

• Disturbance due to UWN (Construction Phase): 

– Piling; 

– UXO; 

– Other construction activities; 

– High-resolution geophysical surveys; and  

– Vessels. 

• Entanglement; 

• Indirect Impacts on Prey Availability and Distribution; and 

• Habitat Changes, Displacement, and Barriers.  

SCREENING PROJECTS 

6.1.13. The time period considered in the CEA for marine mammals (see Volume 2, Chapter 12 

(Marine Mammals)) is 2028 to 2034 inclusive to account for projects constructing up to a year 

on either side of the Proposed Development construction. This allows for the quantification of 

impacts both prior to and post construction of the Proposed Development and during the 

period when piling at the Proposed Development is anticipated (2029 and 2031). The same 

timeframe has also been selected for the CEA for the Southern Trench MPA. For the purpose 

of the cumulative assessment for the Southern Trench MPA, only projects which were located 

within Scotland, and have a construction period that falls between 2028 to 2034 were initially 

included into the screening list for the cumulative assessment (Table 6-3). 

Table 6-3 Offshore projects initially screened into the cumulative assessment for the Southern Trench MPA. C = 
general construction period, P = piling. 

Name Type 2028 2029 2030 2031 2032 2033 2034 

Proposed 
Development 

OWF floating   P/C P/C P/C C C   

Green Volt OWF floating Operational from 2028 

Inch Cape OWF fixed Operational from 2026 

Moray West OWF fixed Operational from 2025 

Moyle Inter Cable Operational from 2025 

Neart Na Gaoithe OWF fixed Operational from 2025 

Pentland Floating OWF floating Operational from 2026 

Shetland HVDC Link Cable Operational from 2025 

Arven OWF floating     P/C P/C P/C P/C   

Ayre OWF floating   P/C P/C P/C P/C P/C   

Bellrock OWF floating P/C P/C P/C P/C       

Berwick Bank OWF fixed C C C P C C   

Broadshore OWF fixed or 
floating 

P/C P/C P/C P/C       

Buchan OWF floating P/C P/C P/C         

Caledonia OWF fixed & floating P/C P/C P/C         

Cenos OWF floating   P/C P/C P/C P/C P/C   

Culzean OWF floating Operational from 2026 

Morven OWF fixed P/C P/C P/C         
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Name Type 2028 2029 2030 2031 2032 2033 2034 

Ossian OWF floating       P/C P/C P/C P/C 

Salamander OWF floating P C C         

Scaraben OWF floating   P/C P/C         

Spiorad na Mara OWF fixed P/C P/C P/C P/C       

Stromar OWF floating P/C P/C P/C         

West of Orkney OWF fixed P/C P/C P/C C       

Aspen  OWF floating Operational from 2028 

Beech OWF floating Operational from 2028 

Bowdun OWF fixed   P/C P/C P/C P/C     

Havbredey OWF floating         P/C P/C P/C 

Machair OWF fixed P/C P/C P/C         

Malin Sea Wind OWF floating Operational from 2028 

Talisk OWF floating P/C P/C           

6.1.14. Berwick Bank and West of Orkney OWFs were initially considered, but since the Southern 

Trench MPA was screened out from their respective EIARs, these projects were not 

considered further as they are not considered to be impacting on the conservation objectives 

of the MPA. Further, due to locations of the Arven, Havbredey, Spiorad na Mara, Talisk and 

the Machair proposed OWFs within the waters of Shetland and the Inner and Outer Hebrides 

(West Coast) of Scotland, these projects were also not considered further due to their 

prospective lack of connectivity with the Southern Trench MPA.  

6.1.15. The final list of projects screened into the CEA for construction phase impacts for the Southern 

Trench MPA is listed in Table 6-4 and shown in Figure 6-1. 

Table 6-4 Final list of offshore projects screened into the cumulative assessment for the Southern Trench MPA. C = 
general construction period, P = piling. 

Name 2028 2029 2030 2031 2032 2033 2034 

Proposed Development   P/C P/C P/C C C   

Ayre   P/C P/C P/C P/C P/C   

Bellrock P/C P/C P/C P/C       

Broadshore P/C P/C P/C P/C       

Buchan P/C P/C P/C         

Caledonia P/C P/C P/C         

Cenos   P/C P/C P/C P/C P/C   

Morven P/C P/C P/C         

Ossian       P/C P/C P/C P/C 

Salamander P C C         

Scaraben   P/C P/C         

Stromar P/C P/C P/C         

Bowdun   P/C P/C P/C P/C     

6.1.16. Where a project has or is likely to have direct overlap with the Southern Trench MPA, it will 

be considered for all impacts screened in. The following projects constructing between 2028 

to 2034 have, or are very likely to have ECCs that overlap with the Southern Trench MPA are 

as follows: 
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• Bellrock (unconfirmed – ECC not included in Scoping Report16); 

• Broadshore Hub: Broadshore and Scaraben Projects (unconfirmed – ECC not included 

in Scoping Report17); 

• Buchan (confirmed – scoping18); 

• Caledonia (confirmed – scoping19); 

• Cenos (confirmed – scoping20); 

• Salamander (confirmed – EIA21); 

• Stromar (confirmed – scoping22); and 

• Bowdun (no scoping report or EIA available).  

6.1.17. For some projects, infrastructure does not overlap with the Southern Trench MPA; however, 

there is still a potential for the noise contours to overlap with the boundary of the site. Projects 

considered for cumulative piling only, are as follows:  

• Ayre;  

• Morven; and  

• Ossian.   

CONSTRUCTION AND DECOMMISSIONING  

UNDERWATER NOISE DISTURBANCE (CONSTRUCTION PHASE)  

PILING 

6.1.18.  For projects with the EIARs available in the public domain (Ossian, Salamander) the potential 

for overlap of noise disturbance contours with the MPA boundary is based on project-specific 

data.  

6.1.19. The Ossian Array Area is located approximately 66.9 km south of the Southern Trench MPA 

and given the far-reaching extent of the noise contours, there is potential for overlap of the 

outer noise contours with the site boundary. Received sound levels within the MPA are 

predicted to reach maximum SELss levels of 135 dB and this is below the NMFS (2005) 

threshold for strong disturbance (=160 dB rms) and above the threshold for mild disturbance 

(=140 dB rms). Although the overlap is not quantified, as described in RPS (2024), the extent 

of the SELss contours is likely to be an overestimate as it assumes that the sound from piling 

maintains its impulsive characteristics at large distances.  

6.1.20. For Salamander, using the porpoise dose-response function as a proxy for disturbance for 

minke whales, the effective disturbance area is at most 47% of the total MPA area under the 

worst case piling scenario and 43% under the most likely piling scenario. However, it was 

noted that using the dose-response function for harbour porpoise as a proxy for disturbance 

for minke whales is highly conservative given their different hearing groups, and is thus 

expected to overestimate the extent of disturbance to minke whale within the Southern Trench 

 
16 https://marine.gov.scot/sites/default/files/240326_-_bellrock_offshore_windfarm_-_scoping_-_scoping_report.pdf 
17 https://marine.gov.scot/sites/default/files/240108_-_broadshore_scaraben_and_sinclair_-_eia_scoping_-_scoping_report.pdf 
18 https://marine.gov.scot/datafiles/lot/buchan/230928-Buchan_Offshore_Wind-Scoping-Offshore_Scoping_Report.pdf 
19 https://marine.gov.scot/sites/default/files/pre-application_-_offshore_scoping_report_redacted.pdf 
20 https://marine.gov.scot/sites/default/files/cenos_offshore_windfarm_eia_scoping_report_-_volume_1_redacted.pdf 
21 https://marine.gov.scot/sites/default/files/eia_volume_4_-_marine_mammal_impact_assessment_southern_trench_mpa_-

_annex_11.2.pdf 
22 https://stromarwind.co.uk/wp-content/uploads/2024/01/STR01_DEV_CON_OFF_Offshore_Scoping_Report-

08578735_A_compressed-1.pdf 
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MPA limits (Clarkson et al., 2024). Further, it should be noted that piling at Salamander will 

take place on 40 days, between April 2028 to October 2028 and therefore there is potential 

for temporal overlap with the high density season of the MPA (Salamander). However, given 

that piling at the Proposed Development is anticipated to begin in 2029, the potential for 

temporal overlap with piling at Salamander is limited. 

6.1.21. Both Morven and Ayre considered potential for impacts on the Southern Trench MPA in their 

respective Scoping Reports; however, due to the distance to the site (approximately 57 km 

and 97 km, respectively), minke whales are unlikely to experience disturbance within the site 

during piling at these projects.   

6.1.22. For projects without EIARs available in the public domain, potential for overlap has been 

estimated based on fixed EDRs. Assuming a 26 km EDR for fixed foundation projects, and a 

15 km EDR for floating projects, only Broadshore and Caledonia have EDR disturbance 

contours that overlap with the Southern Trench MPA in addition to the Proposed Development 

and Salamander (Figure 6-123). To allow for comparison between these projects, effective 

disturbance area (where available) and EDRs were provided (Table 5-12). If Caledonia, 

Broadshore and the Proposed Development were to pile on the same day, then using the 

EDR approach, up to 17.3% of the MPA may be disturbed on a single day. 

Table 6-5 Behavioural disturbance from piling at the Proposed Development and other projects  

Project Disturbance threshold Area Overlap (km2) % MPA 

Proposed Development Level B harassment 0.00 0.0% 

15 km EDR 0.00 0.0% 

Dose-response function  
563.04 (effective 
disturbance area) 

22.20% 

Broadshore 

26 km EDR (fixed) 4.6 0.2% 

15 km EDR (floating) 0.00 0.0% 

Dose-response function  unavailable NA 

Caledonia 

26 km EDR (fixed) 418.0 16.5% 

15 km EDR (floating) 15.2 0.6% 

Dose-response function  unavailable NA 

 
23 It should be noted that for the Broadshore, Bellrock, Morven and Scaraben offshore wind farms, the scoping report does not 

include a figure displaying the offshore ECC and thus, the shapefile was unavailable for display in Figure 6-1. Likewise, for 
Ossian, the EIAR is for the Array Area only and thus no ECC is available to show here. 
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Figure 6-2 Disturbance contours (SELss, unweighted) for piling at the Salamander West piling location (2,500 kJ) and 
overlap with the Southern Trench MPA. Adapted figure from Clarkson et al. (2024). 

6.1.23. The indicative construction timeline for Broadshore suggests that the construction may be 

taking place between 2028 to 2031 and therefore temporal overlap with the Proposed 

Development is likely. Based on Broadshore Hub (2024), the number of foundations 

anticipated for the Broadshore project is 60 WTGs with 12 anchors per foundation. Assuming 

installation of two piled anchors per day, the anticipated duration of piling at Broadshore would 

be 360 days. In the unlikely, worst case temporal scenario, where there would be temporal 

overlap between piling at the Proposed Development and Broadshore, there is a risk that 

minke whales within the Southern Trench MPA could experience disturbance intermittently 

over up to 535 days (175 days at the Proposed Development + 360 days at Broadshore, 

although noting that overlap of 26 km EDR at the Broadshore with the Southern Trench MPA 

is minimal (see Table 6-5). 

6.1.24. The indicative construction timeline for Caledonia suggests that the construction may be 

taking place between 2028 to 2030, and therefore temporal overlap with the Proposed 

Development is likely. In this time period, a total of 398 piling days are expected. In the 

unlikely, worst case temporal scenario, where there would be temporal overlap between piling 

at the Proposed Development and Caledonia, there is a risk that minke whales within the 

Southern Trench MPA could experience disturbance intermittently over up to 573 days (175 

days at the Proposed Development + 398 days at Caledonia). 

UXO CLEARANCE 

6.1.25. Each of the projects listed in Table 6-4 have construction timelines which overlap that of the 

Proposed Development. Due to recent advancements in the commercial availability of 

methods for UXO clearance, high-order detonation may be largely or completely avoided 

(Abad Oliva et al., 2024). Thus, it is reasonable to expect that UXO clearance at all projects 

will involve low-order deflagration methods. As such, the potential impacts arising from each 

project is assumed to be a 5 km EDR, resulting in an impacted area of 78.4 km2 per UXO. 

This equates to 3.1% of the MPA area disturbed per UXO clearance activity (assuming the 

UXO is located within the MPA).  

6.1.26. The situation where UXO clearance would occur within the MPA from multiple projects at the 

same time is unlikely but cannot be excluded. It is expected that the clearance of UXOs within 

the MPA would elicit short-duration behavioural responses only. Due to health and safety 
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reasons, UXO clearance activities are anticipated to take place during pre-construction 

phases of relevant projects and during early construction phases (likely the first year of 

construction). Based on the CEA timeline (Table 6-4), UXO clearance would be anticipated to 

occur intermittently between 2028 – 2031. 

OTHER CONSTRUCTION ACTIVITIES 

6.1.27. For Salamander, the EIA assessed activities such as dredging, drilling, cable laying, 

trenching, rock placement and vessel activity, which will be taking place within the MPA. 

These activities may disturb minke whales out to a maximum of 5 km from the source of 

disturbance (Clarkson et al., 2024).  

6.1.28. At present, no other projects have provided a quantitative impact assessment for other 

construction activities, and as such, it is assumed that all disturbance impacts from activities 

within their respective ECCs would be localised to within approximately 5 km from the source 

and could occur intermittently over construction phase of respective projects (over seven 

years at different locations within the Southern Trench MPA). 

HIGH-RESOLUTION GEOPHYSICAL SURVEYS 

6.1.29. As discussed in the Proposed Development alone section, the expected sound frequency 

during operation of MBES and SSS is above 200 kHz and therefore above the hearing 

frequency range of minke whales. As such, there is no potential for disturbance effects to 

occur through use of these survey equipment. 

6.1.30. JNCC et al. (2010) European Protected Species (EPS) Guidance concludes that the use of 

SBPs in geophysical surveys “could, in a few cases, cause localised short-term impacts on 

behaviour such as avoidance.” There is only one study showing minke whale reactions to 

sonar signals located at approximately 8 km distance from the animal using a sonar source 

that transmitted signals between 1.3 to 2.0 kHz frequency-modulated hyperbolic upsweeps 

(Sivle et al., 2015). The study recorded behavioural response including horizontal avoidance 

and progressive aversion in which minke whale progressively increased speed and changed 

dive pattern in order to move away from the sound source. However, should the short-term 

operations result in a response by an animal, this would be temporary.  

6.1.31. Thomsen et al. (2023) carried out noise modelling and environmental risk assessment of a 

geophysical survey and its impact minke whales. The study found that minke whales may 

experience behavioural response as a result of sparker and minigun within 1.1 km (2.7 km2) 

and 1.9 km (6.3 km2), respectively. 

6.1.32. Geophysical surveys are anticipated to take place during the construction of Salamander, 

Broadshore, Buchan, Bellrock, Cenos and Caledonia. It is expected that disturbance ranges 

from geophysical surveys within their respective offshore ECCs would be localised to within 

approximately 2 km and could occur intermittently over construction phase of respective 

projects (over seven years at different locations within the Southern Trench MPA). 

VESSELS 

6.1.33. It is challenging to reliably quantify the level of increased disturbance to minke whales 

resulting from increased vessel activity on a cumulative basis, given the large degree of 

temporal and spatial variation in vessel movements between projects and regions, coupled 

with uncertainty regarding preferred ports. As previously mentioned for the Proposed 

Development alone, minke whale foraging activity has been found to decrease with increased 

vessel interactions (Christiansen et al., 2013a) and observed changes in foraging behaviour 

were apparent when whale-watching vessels were within ~250 m of an animal (study on gray 

whales, also a low frequency cetacean) (Sullivan and Torres, 2018).  
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6.1.34. It is expected that all projects considered in the cumulative impact assessment will adopt 

VMPs and/or comply with the existing Marine Wildlife Watching Codes such as SNH (2017b) 

and SNH (2017a) to minimise any potential vessel disturbance effects on minke whales. 

Nevertheless, it is expected that all disturbance impacts from vessels within project respective 

ECCs would be localised to within and could occur intermittently over construction phase of 

respective projects (over seven years at different locations within the Southern Trench MPA). 

CONCLUSIONS 

6.1.35. It is likely that activities (UXO clearance, geophysical surveys, piling, drilling, trenching, vessel 

movements) associated with construction of the Proposed Development and other projects 

considered in the CEA may result in temporary displacement of minke whales. Animals may 

choose to cease foraging in response to noise by fleeing the affected area; however, it is 

anticipated that individuals will be able to return to an area within a relatively short period of 

time.  

6.1.36. It should be noted, however, that the assessment of impacts from underwater noise during 

piling on minke whales has been conducted using a highly precautionary approach. A key 

issue is that, due to the lack of species-specific data, the Graham et al. (2017) dose-response 

function for harbour porpoise disturbance to piling at the Beatrice OWF has been applied to 

minke whales for each of the projects in this CEA, with an EIAR available in the public domain. 

However, there is no evidence to suggest that minke whales respond to piling in the same 

way as porpoise. It is expected, given their very different hearing groups, that they are likely 

to respond to the same noise source in different ways and to differing degrees. As such, there 

is limited confidence in the resulting conclusions regarding potential impacts as a result of 

piling. Ongoing research from the Beatrice, Moray East, and Moray West OWFs aims to 

address these key uncertainties by further analysing the relationship between received noise 

levels, distance to activities, and disturbance responses during piling. For example, initial 

findings have shown that the Graham et al. (2017) dose-response function over-predicts the 

range at which porpoise are responding, with the latest data showing porpoise disturbance 

effects are limited to <10 km from piling of XXL monopiles (Benhemma-Le Gall et al., 2024). 

If this EDR were to be applied to the MPA assessment, then there would be no disturbance 

impact to the MPA from piling at the Proposed Development. Additional findings will be 

discussed at the upcoming FTRAG meeting in January 2025, which may lead to changes in 

the guidance with respect to methodology used for the assessment of disturbance from piling. 

6.1.37. The assessment against conservation objective “Continued access by the species to 

resources provided by the MPA for, but not restricted to, feeding, courtship, spawning or use 

as nursery grounds” for cumulative disturbance during construction phase is provided in Table 

6-6. 

Table 6-6 Assessment against conservation objective “Continued access by the species to resources” for cumulative 
disturbance during construction phase. 

Site-specific advice Assessment conclusion 

Conserve the access to resources 
(e.g. for feeding) provided by the 
MPA for various stages of the 
minke whale life cycle. 

Behavioural disturbance causing displacement during 
construction of the Proposed Development and other projects 
as a result of various activities taking place across seven 
years may reduce access to minke whale resources within the 
site.  

Conserve the distribution of minke 
whale within the site by avoiding 
significant disturbance. 

‘Significant disturbance’ may 
result in the following effects: 

The assessment of disturbance is highly uncertain since there 
is a lack of data on minke whale responses to underwater 
noise sources, especially pile driving. 

 

Minke whale disturbance has been shown from ADDs, whale 
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Table 6-7 Assessment against conservation objective “Species is conserved” for entanglement from the Proposed 
Development cumulatively with other projects 

Site-specific advice Assessment conclusion 

Minke whale in the Southern Trench MPA are 
not at significant risk from injury or killing. 

‘Significant risk’ should consider whether any 
killing or injury would result in reduced 
densities within the site, from which recovery 
to above average densities cannot be 
expected.  

There is no residual risk of injury and/or killing to 
minke whales within the Southern Trench MPA 
from entanglement as each project is expected to 
mitigate this impact. 

Overall conclusion: The risk of killing and injury from entanglement at the Proposed Development 
cumulatively with other projects is expected to be mitigated, and the achievement of this CO is not 
at risk of being hindered. 

INDIRECT IMPACTS ON PREY AVAILABILITY AND DISTRIBUTION  

6.1.42. There are several projects located in the vicinity of the MPA which have the potential for their 

ECCs to intersect the Southern Trench MPA. These include: 

• Bellrock; 

• Broadshore; 

• Buchan; 

• Caledonia; 

• Salamander;  

• Stromar; and 

• Bowdun.  

6.1.43. Therefore, each of these projects has the potential to impact the extent and distribution of key 

prey species (lesser sandeel, sprat, herring and mackerel) during the construction and O&M 

phases that may in turn affect minke whales using the MPA. 

6.1.44. The project alone assessment concluded that whilst the adverse effects on the extent and 

distribution of prey species upon which minke whale is dependent cannot be excluded, these 

will be localised to the offshore ECC. No impacts within the MPA due to other construction 

activities (such as piling) are expected on the structure and function of supporting features, 

i.e. the prey species which minke whales rely on, and impacts are not anticipated to pose a 

significant risk to hindering the achievement of the objectives or purpose of the site. Similarly, 

the Salamander EIA concluded no significant impacts to fish species as a result of 

construction activities such as changes to seabed habitat and temporary increase in 

suspended sediment/ contaminant concentrations (Clarkson et al., 2024). Therefore, it was 

concluded that there would be no impacts to the structure and function of the supporting 

features (minke whale prey). Nevertheless, each project with an ECC within the MPA will 

cause seabed disturbance as a result of construction activities (Figure 6-1). The impacts to 

prey species from each project are expected to be highly localised and temporary, with at 

most potential temporary displacement of fish and potential damage to eggs attached to the 

seabed. It is not expected that any project will significantly affect key minke whale prey species 

within the MPA due to the highly localised impacts. This should allow minke whales to use 

alternative foraging areas within the MPA when construction activities are occurring within the 

MPA. 
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6.1.45. In the longer term, over the O&M period, activities within the ECCs are expected to be minimal, 

and mainly restricted to vessel activities which will not likely impact minke whale prey species. 

However, cable protection presence within each ECC will change the sedimentary habitat to 

one characterised by hard substrate, which will result in a permanent change of habitat and 

therefore habitat loss with the MPA. The extent of this habitat loss will be small within each 

ECC, and thus overall, it is expected that there will not be any significant depletion of minke 

whale prey species within the MPA. The assessment against the conservation objective for 

supporting features “Extent and distribution of any supporting feature and structure” for the 

Proposed Development cumulative with other projects is provided in Table 6-8. 

Table 6-8 Assessment against conservation objective “Extent and distribution of any supporting feature and structure” 
for impacts to prey species from the Proposed Development cumulative with other projects. 

Site-specific advice Assessment conclusion 

Conserve the extent 
and distribution of any 
supporting feature 
upon which minke 
whale is dependent. 

Prey depletion due to activities that disturb the sediment (temporary 
habitat loss/disturbance) or change the nature of the sediment (long term 
habitat loss) alongside the ECCs cannot be excluded. However, impacts 
to prey is expected to be highly localised with project ECCs, and it is 
unlikely that activities will be occurring in multiple ECCs within the MPA at 
the same time. It is therefore expected that the area impacted at any one 
time will be low, and that minke whales could move to alternative foraging 
areas within the MPA. 

Overall conclusion: Although the effects on the extent and distribution of prey species upon which 
minke whale is dependent cannot be excluded, these will be localised to the respective project 
offshore ECCs. Minke whales will likely be able to move to alternative foraging areas within the MPA. 
Therefore, the achievement of this CO is not at risk of being hindered. 

PHYSICAL BARRIER EFFECTS 

6.1.46. There are several projects located in the vicinity of the MPA which have the potential to result 

in physical barriers that could restrict minke whales accessing the MPA. These include: 

• Bellrock; 

• Broadshore; 

• Buchan; 

• Caledonia; 

• Salamander;  

• Stromar; and 

• Bowdun.  

6.1.47. The project alone assessment concluded that the presence of infrastructure within the 

Proposed Development is unlikely to result in physical barriers to the MPA, as any barriers 

that may persist will be localised to the Array Area only. Likewise, the Salamander EIA 

concluded that if they occurred, barrier effects would be highly localised due to the scale of 

the project and would not prevent access to the MPA (Clarkson et al., 2024).  

6.1.48. Although minke whale presence has been recorded around oil and gas structures in the 

central North Sea (Delefosse et al., 2018), there is limited understanding on whether baleen 

whale species can successfully navigate the spaces between turbines in the array, especially 

within floating offshore wind arrays where a meaningful proportion of the water column is 

intersected by mooring lines and cables. However, barrier effects will be restricted to the Array 

Areas of projects, which are all mostly >15 km from the MPA boundary, with space between 
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OWF Array Areas to navigate through24. Therefore, it is unlikely that the OWFs located near 

to the MPA will result in any restriction of minke whales accessing the site. 

6.1.49. The assessment against conservation objective for physical barriers “Continued access by 

the species to resources provided by the MPA for, but not restricted to, feeding, courtship, 

spawning or use as nursery grounds” for the Proposed Development cumulatively with other 

projects is provided in Table 6-9. 

Table 6-9 Assessment against conservation objective “Continued access by the species to resources” for physical 
barriers from the Proposed Development cumulatively with other projects.  

Site-specific advice Assessment conclusion 

Conserve the access to 
resources (e.g. for feeding) 
provided by the MPA for various 
stages of the minke whale life 
cycle. 

Due to barrier effects being localised within OWF Array Areas, 
which are all mostly >15 km from the MPA boundary, with space 
between OWF Array Areas to navigate through, it is expected 
that the Proposed Development, when acting cumulatively with 
other projects, will not prevent or restrict access to the MPA and 
resources within. 

Overall conclusion: It is expected that the Proposed Development, when acting cumulatively with 
other projects, will not result in physical barriers that would prevent or restrict access to the MPA and 
resources within, and therefore the achievement of this CO is not at risk of being hindered. 

FRONT ASSESSMENT 

6.1.50. With consideration that there was negligible effect concluded within the alone assessment, 

there is no material impact that can be considered in addition to other projects and the Fronts 

feature of Southern Trench MPA, the same cMPA, these would therefore apply for the CEA. 

6.2. TURBOT BANK MPA 

SANDEEL ASSESSMENT 

SCREENING IMPACT PATHWAYS 

6.2.1. The following impacts have been considered in the CEA (see Section 5.3 for impact alone 

assessment): 

• Mortality, injury, behavioural impacts, and auditory masking arising from noise and 

vibration;  

• Increases in SSCs and changes to seabed levels; and 

• Physical habitat loss/disturbance. 

SCREENING PROJECTS 

6.2.2. The fish and shellfish ecology CEA has been undertaken with respect to the details provided 

in Volume 3, Appendix 6.2 (Offshore Cumulative Effects). The plans and projects currently 

proposed to be screened in are detailed in Table 6-10 below. 

 
24 Salamander have portion of the Array Area within 15 km from the MPA boundary. 
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Table 6-10 Other Plans/Projects Included in the Turbot Bank MPA Assessment 

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

Distance 
from 

offshore 

ECC (km) 

Construction 
dates (if 
relevant) 

Operational 
by  

(if relevant) 

Summary of 
interaction with 

Proposed 
Development 

Tier 1 

Peterhead to 
Drax HVDC 
(E4D3) 

Power Cables Operational 47.69 0.00 2024 2025 Operational phase 
interacts with O&M 
and construction 
phase of the 
Proposed 
Development 

Hywind OWF Offshore 
Energy 

Operational 35.56 0.06 N/A 

 

2024 Operational phase 
interacts with O&M 
and construction 
phase of Proposed 
Development. 
Overlap with 
Secondary ZoI and 
UWN ZoI. 

Hywind ECC Power Cables  Operational  36.61 0.00 N/A 

 

2024 Operational phase 
interacts with O&M 
and construction 
phase of Proposed 
Development. 
Overlap with 
Secondary ZoI and 
UWN ZoI. 

Green Volt OWF Offshore 
Energy 

Consented 36.26 35.64 2025-2027 2028 Operational phase 
interacts with 
construction phase 
of Proposed 
Development. 
Overlap with UWN 
ZoI. 
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Plan/Project Summary Status Distance 
from Array 
Area (km) 

Distance 
from 

offshore 

ECC (km) 

Construction 
dates (if 
relevant) 

Operational 
by  

(if relevant) 

Summary of 
interaction with 

Proposed 
Development 

Peterhead 
Harbour 
(CR071) 

Disposal site Operational 63.68 1.13 N/A 

 

2024 Operational phase 
interacts with O&M 
and construction 
phase of the 
Proposed 
Development 

Peterhead to 
South Humber 
(E4L5) 

Power Cables Operational 47.69 0.00 2024-2028 2029 Operational phase 
interacts with O&M 
and construction 
phase of the 
Proposed 
Development 

Fraserburgh 

(CR060) 

Disposal site Operational 72.62 13.52 N/A 

 

2024 Operational phase 
interacts with O&M 
and construction 
phase of the 
Proposed 
Development 

North Buchan 
Ness (CR080) 

Disposal site Operational 59.85 0.98 N/A 

 

2024 Operational phase 
interacts with O&M 
and construction 
phase of the 
Proposed 
Development 

Tier 2 

Salamander 
OWF 

Offshore 
Energy 

Application submitted 28.37 9.10 2025-2030 2031 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
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Plan/Project Summary Status Distance 
from Array 
Area (km) 

Distance 
from 

offshore 

ECC (km) 

Construction 
dates (if 
relevant) 

Operational 
by  

(if relevant) 

Summary of 
interaction with 

Proposed 
Development 

Secondary ZoI and 
UWN ZoI. 

Marram OWF Offshore 
Energy 

Scoping report submitted 58.90 58.35 2030 Unknown Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Buchan OWF Offshore 
Energy 

Scoping report submitted 89.95 79.21 2028-2032 2033 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Ossian OWF Offshore 
Energy 

Application submitted  51.38 62.42 2031-2034 Unknown  Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Bellrock OWF Offshore 
Energy 

Scoping report submitted 52.35 70.78 2028-2031 2032 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Morven OWF Offshore Scoping report submitted 58.16 60.80 2027-2029 2030 Construction phase 
interacts with the 
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Plan/Project Summary Status Distance 
from Array 
Area (km) 

Distance 
from 

offshore 

ECC (km) 

Construction 
dates (if 
relevant) 

Operational 
by  

(if relevant) 

Summary of 
interaction with 

Proposed 
Development 

Energy construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Broadshore 
OWF 

Offshore 
Energy 

Scoping report submitted 93.43 63.34 2028-2031 2032 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Berwick Bank 
OWF 

Offshore 
Energy 

Application submitted 110.04 107.31 2025-2033 2034 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Cenos OWF Offshore 
Energy 

Scoping report submitted 105.68 125.48 2029-2033 2034 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Caledonia OWF Offshore 
Energy 

Scoping report submitted 116.97 62.84 2028-2030 2031 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
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Plan/Project Summary Status Distance 
from Array 
Area (km) 

Distance 
from 

offshore 

ECC (km) 

Construction 
dates (if 
relevant) 

Operational 
by  

(if relevant) 

Summary of 
interaction with 

Proposed 
Development 

UWN ZoI. 

Tier 3 

Aspen OWF Offshore 
Energy 

Concept/Early Planning  20.05 29.88 2027-2031 Unknown Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 

Bowdun OWF Offshore 
Energy 

Concept/Early Planning 52.50 44.60 2029-2031 2032 Construction phase 
interacts with the 
construction phase 
of the Proposed 
Development. 
Overlap with the 
UWN ZoI. 
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6.2.3. A ‘worst case’ design scenario has been selected for each cumulative effect which would lead 

to the greatest impact for all receptors or receptor groups, when selected from a range of 

values. effects of greater adverse significance are not predicted to arise should any other 

development scenario, based on details within Volume 3, Appendix 6.2 (Offshore Cumulative 

Effects) (e.g., different infrastructure layout), to that assessed here, be taken forward in the 

final design scheme. 

6.2.4. Certain impacts assessed for the Proposed Development (Offshore) alone are not considered 

in the cumulative assessment due to: 

• The highly localised nature of the impacts (i.e., the occur entirely within the Proposed 

Development boundary only) and do not occur within the Turbot Bank MPA; 

• Management measures in place for the Proposed Development will also be in place on 

other projects reducing the risk of impact occurring; and/or 

• Where the potential significance of the impact from the Proposed Development alone 

has been assessed as negligible. 

6.2.5. Therefore, the cumulative assessment has only considered UWN and the temporary increase 

in SSC and sediment deposition during construction and decommissioning. 

6.2.6. Table 6-11Table 6-11 presents the worst case design scenario for each cumulative impact 

associated with the Turbot Bank MPA CEA, along with justification. 

Table 6-11 Worst Case Design Scenarios with Respect to the Turbot bank MPA CEA 

Cumulative Impact Tier Worst Case Design Scenario 

Construction & Decommissioning 

Cumulative mortality, 
injury and 
behavioural changes 
resulting from UWN 

Tier 1: 

• Green Volt OWF 

Tier 2: 

• Salamander OWF 

• Buchan OWF 

• Marram OWF 

• Ossian OWF 

• Bellrock OWF 

• Moven OWF 

• Broadshore OWF 

• Berwick Bank OWF 

• Cenos OWF 

• Caledonia OWF 

 

Tier 3: 

• Aspen OWF 

• Bowdun OWF 

If these construction or intermittent 
operational activities overlap 
temporally with either the 
construction or decommissioning 
activities of the Proposed 
Development, there is potential for 
cumulative effects from UWN to 
occur. 

Cumulative increase 
in SSC and sediment 
deposition 

Tier 1: 

• North Buchan Ness disposal 
site 

• Peterhead Harbour disposal 
site 

• Fraserburgh (CR060) disposal 
site 

 

Tier 2: 

• Salamander OWF  

If this construction or intermittent 
operational activities overlap 
temporally with either the 
construction or decommissioning of 
the Proposed Development, there 
is potential for cumulative SSC and 
sediment deposition. 



 

 

Page | 153 

UWN 

6.2.7. There is potential for cumulative TTS and behavioural changes from noise and vibration as a 

result of construction activities associated with the Proposed Development and all stages of 

other projects (see Table 6-12). For the purposes of this assessment, projects within 120 km 

of the Proposed Development, where there is sufficient information about the project at the 

time of writing and where it is likely that project activities overlap temporally with the 

construction activities at the Proposed Development, have been included in the cumulative 

UWN assessment. This is considered a precautionary buffer upon which to screen in/out 

projects within the area.  

Table 6-12 OWF Developments included within the UWN cumulative impacts assessment (where construction or 
decommission occurs concurrently). 

Project  Tier Distance 
from Array 
Area (km) 

Distance 
from 

offshore 
ECC (km) 

Construction 
Period  

Interaction with Proposed 
Development 

Green Volt 
OWF 

1 36.26 35.64 2025-2027 
(operational by 

2028) 

Operational phase interacts 
with construction phase of 
Proposed Development. 
Overlap with UWN ZoI. 

Salamander 
OWF 

2 28.37 9.10 2025-2030 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the Secondary ZoI and UWN 
ZoI. 

Marram 
OWF 

2 58.90 58.35 2030 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Buchan OWF 2 89.95 79.21 2028-2032 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Ossian OWF 2 51.38 62.42 2031-2034 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Bellrock 
OWF 

2 52.35 70.78 2028-2031 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Morven OWF 2 58.16 60.80 2027-2029 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Broadshore 
OWF 

2 93.43 63.34 2028-2031 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Berwick 2 110.04 107.31 2025-2033 Construction phase interacts 
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Project  Tier Distance 
from Array 
Area (km) 

Distance 
from 

offshore 
ECC (km) 

Construction 
Period  

Interaction with Proposed 
Development 

Bank OWF with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Cenos OWF 2 105.68 125.48 2029-2033 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Caledonia 
OWF 

2 116.97 62.84 2028-2030 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Aspen OWF 3 20.05 29.88 2027-2031 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Bowdun 
OWF 

3 52.50 44.60 2029-2031 Construction phase interacts 
with the construction phase 
of the Proposed 
Development. Overlap with 
the UWN ZoI. 

Campion 
OWF 

3 12.30 30.43   

6.2.8. Injury or mortality of sandeel from piling noise would not be expected to occur cumulatively 

due to the small range within which potential injury effects would be expected (i.e., predicted 

to occur within a few km of the piling activity from each of the OWF projects) and the large 

distances between the OWF projects. Cumulative effects of UWN are therefore discussed in 

the context of TTS and behavioural effects, particularly on spawning or nursery habitats.  

6.2.9. Piling operations will represent intermittent occurrences at these OWF sites with each 

individual piling event likely to be similar in duration to those at the Proposed Development. 

For the Proposed Development, the temporal WCS for piling duration is for the sequential 

installation of four anchors per day for 67 semi-submersible WTGs and four piles per day for 

two OEP jacket foundations, resulting in a total piling time of 1,185 hours and 30 minutes, 

over a period of 157 days. The temporal worst case design scenarios for the Project screened 

into the CEA are detailed in Table 6-13 below. 

Table 6-13 Cumulative piling durations for the Proposed Development and other OWFs within a representative 120 
km buffer of the Project (where construction occurs concurrently).  

Project  Tier Maximum total active 
piling time  

Source 

Green Volt OWF 1 10 hours for the piling of 
one offshore substation, 
on a jacket foundation 

Total piling time: 10 
hours 

Green Volt OWF, Project 
Description (Royal 
Haskoning DHV, 2023) 

Salamander OWF 2 Piling durations are not 
provided in the EIAR.  

Salamander OWF 
Project Description 
(ERM, 2024) 
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Project  Tier Maximum total active 
piling time  

Source 

Berwick Bank 2 14,320 hours piling for 
WTG foundations, and 
1,792 hours piling for 
offshore substation 
foundations.  

Total piling time:  

16,112 hours over a 
construction period of 96 
months 

Berwick Bank OWF Fish 
and Shellfish Chapter 
(SSE Renewables, 2022) 

Ossian OWF 2 12,720 hours piling for 
WTGs, and 1,728 hours 
piling for offshore 
substation platforms. 
Total piling time: 14,448 
hours over a 
construction period of 
approximately 20 
months. 

Ossian OWF Fish and 
Shellfish Ecology 
Chapter (RPS, 2024). 

Total piling duration: Approximately 30,570 hours (3,538 days) 

MAGNITUDE OF CUMULATIVE IMPACT  

6.2.10. As outlined in Volume 2 Chapter 10 (Fish and Shellfish Ecology), the following paragraphs 

describe the spatial extent of potential TTS and behavioural effects on sandeel, for the 

screened in projects, under each Tier. Each of the impact assessments considers the WCS 

for hammer energy and/or the largest pile diameter and therefore results in the greatest 

propagation ranges. 

6.2.11. Green Volt OWF (Tier 1) assessed a maximum distance for TTS (186dB 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 project did not 

conclude any potential for injurious, TTS or behavioural impacts from piling operations on key 

fish receptors in the area (including sandeel). Considering the limited spatial and temporal 

nature of the impacts, a Negligible magnitude was assigned, and a Negligible Adverse 

significance of effect.  

6.2.12. Salamander OWF (Tier 2) assessed a maximum distance for TTS impacts (186dB SELcum) to 

be 57 km from the source, for the piling of up to seven WTGs, on floating foundations using a 

hammer energy of 1,500kJ. A low magnitude of impact was concluded, and a maximum of a 

Minor significant effect was concluded, which is not significant.  

6.2.13. Ossian OWF (Tier 2) assessed a maximum distance for TTS (186dB SELcum) to be 45 km 

from the source, for the installation of up to 265 semi-submersible floating WTGs and 

15 offshore substation platforms, using 3,000kJ and 4,400kJ hammer energy respectively. 

The project did not conclude any potential for injurious, TTS or behavioural impacts from piling 

operations on key fish and shellfish receptors in the area, with Minor significant of effects 

concluded for all receptors. 

6.2.14. Berwick Bank (Tier 2) concluded a maximum disturbance range of 7.1 km, for the installation 

of up to 307 WTGs and 10 offshore substation platforms on jacket foundations, using 4,000 kJ 

hammer energy. Impacts from UWN were concluded to be of regional spatial extent, medium 

term duration, intermittent and high reversibility, and of negligible to minor adverse 

significance. 

6.2.15. Bellrock OWF, Morven OWF, Broadshore OWF, Cenos OWF, Caledonia OWF, Marram OWF 

and Buchan OWF (Tier 2) at this stage have only produced a Scoping Report, and therefore 

have not published any information in the public domain regarding the anticipated impacts 
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from UWN. Consequently, it is not possible to undertake detailed assessments of the 

significance of effect. However, given the intermittent nature of piling, it is unlikely that there 

will be a temporal overlap resulting in significant effects on fish and shellfish receptors. 

6.2.16. Aspen OWF and Bowdun OWF (Tier 3) do not have any information in the public domain 

regarding the spatial extent of impacts from UWN. Consequently, it is not possible to 

undertake detailed assessments of the significance of effect. However, given the intermittent 

nature of piling, it is unlikely that there will be a temporal overlap resulting in significant effects 

on fish and shellfish receptors. 

6.2.17. Piling operations will represent intermittent occurrences at these OWFs with each individual 

piling event likely to be similar in duration to those at the Proposed Development. For the 

Proposed Development, the temporal WCS for piling duration is for the sequential installation 

of piled anchors in the Array Area and OEP foundation piles. However, there is potential for 

overlap in piling activity days between OWFs in the vicinity. For example, piling on the same 

day at the Proposed Development and at Ossian OWF may result in cumulative UWN impacts 

on sensitive stationary receptors such as spawning herring.  Given, the extensive spatial 

impacts from UWN from the Proposed Development alone, any additional cumulative impact 

on spawning herring from UWN would likely have significant effects on spawning herring. As 

such, the magnitude is considered to be medium.  

6.2.18. To conclude, there is, therefore, no significant risk the Proposed Development will hinder the 

achievement of the sites COs cumulatively with other development considered alone during 

construction, O&M and decommissioning and therefore, subject to natural change, the 

designated feature will be maintained in the long-term. 

CUMULATIVE TEMPORARY INCREASE IN SSC AND SEDIMENT DEPOSITION 

6.2.19. Due to uncertainty associated with the exact timing of other projects and activities, there is 

insufficient data on which to undertake a quantitative or semi-quantitative assessment. As 

such, the discussion presented here is qualitative. It is considered highly unlikely that each of 

the identified projects would be undertaking major maintenance works, in particular asset 

reburial or repairs, as these are infrequent occurrences during the lifetime of developments.  

TIER 1  

6.2.20. North Buchan Ness, Peterhead Harbour and Fraserburgh disposal sites are located 

approximately 64 km, 48 km and 72 km from the Array Area (which is adjacent to the Turbot 

Bank MPA) respectively (Table 6-13). On the basis of sediment plume modelling presented 

in Volume 3, Appendix 7.1 (Marine and Coastal Processes Technical Report) and Volume 3, 

Appendix 7.2 (Marine Processes Modelling Report), it can reasonably be assumed that 

sediment plumes are unlikely to be advected this distance from the Proposed Development. 

This means that in theory, should construction activities associated with the Proposed 

Development be occurring at the same time as aggregate extraction, there is unlikely to be 

the potential for cumulative changes in SSC and sediment deposition. According to figures 

provided by BMAPA for the last five years, dredging intensity within these areas primarily 

ranges from low (<15 minutes) to medium (15 minutes to 75 minutes), with only a small 

proportion dredged at a high intensity (>75 minutes).   

6.2.21. The operational activities at the Hywind OWF and ECC, which are located approximately 36 

km from the Array Area and adjacent Turbot Bank MPA, are also unlikely to contribute to 

potential cumulative changes in SSC and sediment deposition for the Turbot Bank MPA.  

TIER 2  

6.2.22. The Salamander OWF is awaiting consent decision, and the construction phase for this 

project overlaps with the construction phase for the Proposed Development. This project is 

approximately 28 km distance from the Array Area and the adjacent Turbot Bank MPA.  
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6.2.23. In the far-field zone of Salamander OWF (>500 m from the disturbance) it is predicted that 

there will be lesser SSC increase and no measurable thickness of deposition. SSC is 

predicted to decrease and disperse rapidly, returning to background SSC between six to 24 

hours (ABPmer, 2024).  

6.2.24. Therefore, there is, no significant risk the Proposed Development will hinder the achievement 

of the sites COs cumulatively with other developments during construction, O&M and 

decommissioning and therefore, subject to natural change, the designated feature will be 

maintained in the long-term.  
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7. CONCLUSIONS OF THE ASSESSMENT  

7.1.1. A summary of the assessment is presented below in Table 7-1, identifying the designated 

sites, feature(s) and impacts screened in for effect in relation to the Proposed Development 

alone and cumulatively, including the conclusion on assessment of ability to achieve site COs.  
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Table 7-1 Conclusions of the assessment for achievement of the COs for all offshore receptor groups 

Designated Site 
Feature(s) 
screened in 

Potential for Effect 

Conclusion of achieving COs Conclusion of achieving COs cumulatively 

Construction O&M Decommissioning Construction O&M Decommissioning 

Benthic features 

Southern Trench MPA Burrowed Mud 

Physical habitat loss/ 
disturbance 

With consideration 
of the short-term 
nature of the 
disturbance, and 
absence of the 
feature in the likely 
impacted areas, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

Effect screened out of CEA 

Increased SSC and 
deposition of disturbed 
sediments on the seabed 

With consideration 
of the confined and 
short-lived nature of 
the impact, there is 
no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

With consideration 
of the confined and 
short-lived nature of 
the impact, there is 
no potential for the 
achievement of the 
COs to be 
hindered. 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

With consideration of 
the confined and 
short-lived nature of 
the impact, there is no 
significant risk that 
this cumulative impact 
will hinder the 
achievement of the 
site COs. 

N/A 

This phase is 
considered to be of 
equal or less impact to 
the construction phase 
and therefore the 
conclusions there 
stand for this phase. 

Direct and indirect seabed 
disturbance leading to release 
of seabed contaminants 

With consideration 
of the low levels of 
contaminants and 
the localised extent 
of the impact there 
is no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

With consideration 
of the low levels of 
contaminants and 
the localised extent 
of the impact, there 
is no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

Effect screened out of CEA 

Invasive non-native species 

With consideration 
of the lack of 
overlap with vessel 
movements within 
the location of the 
feature, and 
embedded 
commitments, there 
is no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

With consideration 
of the lack of 
overlap with vessel 
movements and 
hard structures 
within the location 
of the feature, and 
embedded 
commitments, there 
is no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

Effect screened out of CEA 

Permanent and/or long term 
habitat loss/ alteration due to 
the addition of infrastructure 
to the area 

- 

This feature does 
not overlap with the 
ECC, and therefore 
there is no 
significant risk that 

- Effect screened out of CEA 
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Designated Site 
Feature(s) 
screened in 

Potential for Effect 

Conclusion of achieving COs Conclusion of achieving COs cumulatively 

Construction O&M Decommissioning Construction O&M Decommissioning 

this impact will 
hinder the 
achievement of the 
site COs.  

Changes to physical 
processes 

N/A 

This feature does 
not overlap with the 
ECC and with 
consideration of the 
lack of changes in 
physical processes, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A Effect screened out of CEA 

Marine Mammal features 

Southern Trench MPA Minke Whale 

Auditory Injury from 
underwater noise 

With consideration 
of the commitments, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase.  

Effect screened out of CEA 

Disturbance 

The risk to the 
Conservation 
Objectives is low but 
uncertain. It is 
unlikely that 
construction 
activities at 
Proposed 
Development would 
constitute significant 
disturbance to 
minke whales in the 
MPA. 

The level of 
disturbance during 
this phase will not 
result in a 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs.  

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

The risk to the 
Conservation 
Objectives is 
uncertain due to a 
high degree of 
uncertainty regarding 
the levels of minke 
whale responsiveness 
to UWN and the levels 
of noise required 
induce significant 
disturbance to minke 
whales. 

Effect screened out 
of in-combination 
assessment 

This phase is 
considered to be of 
equal or less impact to 
the construction phase 
and therefore the 
conclusions there 
stand for this phase. 

Indirect impact on prey 
availability 

With consideration 
of the localised and 
temporary nature of 
the impact, there is 
no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

With consideration 
of the localised and 
temporary nature of 
the impact, there is 
no significant risk of 
this impact 
hindering the 
achievement of the 
COs. 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

With consideration of 
the localised and 
temporary nature of 
the impact, there is no 
significant risk that 
this cumulative impact 
will hinder the 
achievement of the 
site COs. 

With consideration of 
the localised and 
temporary nature of 
the impact, there is 
no significant risk of 
this impact hindering 
the achievement of 
the COs. 

This phase is 
considered to be of 
equal or less impact to 
the construction phase 
and therefore the 
conclusions there 
stand for this phase. 

Habitat changes, 
displacement and barrier 
effects 

N/A 

Any barrier effects 
will be localised to 
the Array Area, and 
there is no 
significant risk that 
this impact will 

N/A N/A 

Any barrier effects 
will be localised to 
the Array Area, with 
other OWF Array 
Areas located with 
space between them 

N/A 
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Designated Site 
Feature(s) 
screened in 

Potential for Effect 

Conclusion of achieving COs Conclusion of achieving COs cumulatively 

Construction O&M Decommissioning Construction O&M Decommissioning 

hinder the 
achievement of the 
site COs. 

to enable passage 
between, therefore 
there is no significant 
risk of this impact 
hindering the 
achievement of the 
COs. 

Collision with WTGs N/A 

With consideration 
of the recoverability 
and commitments, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A Effect screened out of CEA 

Entanglement N/A 

With consideration 
of the recoverability 
and commitments, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A N/A 

With consideration of 
the embedded 
commitments, and 
other projects 
expected to mitigate 
their associated 
risks, there is no 
significant risk of this 
impact hindering the 
achievement of the 
COs. 

N/A 

Coastal Processes features 

Southern Trench MPA Fronts 

Changes in Tidal regime N/A 

With consideration 
of the modelling, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A Effect screened out of CEA 

Changes in Wind regime N/A 

With consideration 
of the modelling, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A Effect screened out of CEA 

Changes in Wave regime N/A 

With consideration 
of the modelling, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

N/A Effect screened out of CEA 
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Designated Site 
Feature(s) 
screened in 

Potential for Effect 

Conclusion of achieving COs Conclusion of achieving COs cumulatively 

Construction O&M Decommissioning Construction O&M Decommissioning 

Fish and Shellfish features 

Turbot Bank MPA Sandeel 

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

With consideration 
of the limited spatial 
extent, intermittent 
and temporal nature 
of the activities, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

With consideration 
of the limited spatial 
extent, intermittent 
and temporal 
nature of the 
activities, there is 
no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

With consideration of 
the limited spatial 
extent and distances 
from other projects, 
there is no significant 
risk that this 
cumulative impact will 
hinder the 
achievement of the 
site COs. 

With consideration of 
the limited spatial 
extent and distances 
from other projects 
there is no significant 
risk of this impact 
hindering the 
achievement of the 
COs. 

This phase is 
considered to be of 
equal or less impact to 
the construction phase 
and therefore the 
conclusions there 
stand for this phase. 

Increased SSC and 
deposition of disturbed 
sediments on the seabed 

With consideration 
of the limited spatial 
extent, intermittent 
and temporal nature 
of the activities, 
there is no 
significant risk that 
this impact will 
hinder the 
achievement of the 
site COs. 

With consideration 
of the limited spatial 
extent, intermittent 
and temporal 
nature of the 
activities, there is 
no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

With consideration of 
the limited spatial 
extent and distances 
from other projects, 
there is no significant 
risk that this 
cumulative impact will 
hinder the 
achievement of the 
site COs. 

With consideration of 
the limited spatial 
extent and distances 
from other projects 
there is no significant 
risk of this impact 
hindering the 
achievement of the 
COs. 

This phase is 
considered to be of 
equal or less impact to 
the construction phase 
and therefore the 
conclusions there 
stand for this phase. 

Physical habitat 
loss/disturbance 

There is no physical 
habitat loss and 
therefore, there is 
no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs. 

There is no physical 
habitat loss and 
therefore, there is 
no significant risk 
that this impact will 
hinder the 
achievement of the 
site COs . 

This phase is 
considered to be of 
equal or less impact 
to the construction 
phase and therefore 
the conclusions 
there stand for this 
phase. 

Effect screened out of CEA 
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