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11.2.1.2 Further information on relevant planning policy and legislative requirements relating to the
Environmental Impact Assessment (EIA) of the Proposed Development is presented in Volume
II, Chapter 2: Policy and Legislation (Revised March 2026).
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Figure 11.2: Seal Survey Study Area  
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Figure 11.3: Designated Sites and Relevant Qualifying Interests for Marine Mammals  
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Harbour porpoise (Phocoena phocoena)

11.5.2.8 Harbour porpoises are listed under Annex IV of the Habitats Directive as a European Protected
Species (EPS) and under Annex II of the Habitats Directive as a species of Community Interest.
As an Annex II species of the Habitats Directive, the designation of SACs is required as a
component of their conservation. There are several SACs where harbour porpoises are listed as
a qualifying feature, the closest of which is Blackwater SAC which is 19.70 km from the Array
Area (Table 11.6). In Ireland, harbour porpoises have a ‘favourable’ conservation status and a
‘stable’ population trend (NPWS, 2019).

11.5.2.9 They are the most abundant cetacean species in Irish waters and have a wide distribution (Berrow
etal., 2010; Rogan etal.,  2018a; Wall et al., 2013). Within the Celtic and Irish Seas MU, harbour
porpoise abundance is estimated as 62,517 individuals (95% confidence interval (Cl): 48,324-
80,877, coefficient of variation (CV): 0.13) (IAMMWG, 2023).

11.5.2.1OThey were recorded during the geotechnical survey campaign of the Proposed Development in
2023, where one sighting of three individuals was recorded (Gavin & Doherty Geosolutions Ltd,
2023b). There was an additional harbour porpoise sighted during the survey campaign in 2024
(Mizen Archaeology, 2024). They were the most frequently recorded marine mammal species
during 2018-2020 site-specific DAS, with a total of 263 sightings in 23 of 25 surveys (HiDef,
2020a) and a mean corrected density estimate of 0.38 animals/km2. The 2018-2020 site-specific
DAS confirmed the presence of harbour porpoise within the Marine Mammal Study Area year-
round, although abundance and density was higher in summer months (HiDef, 2020a), which has
been confirmed by several other studies in this region (Berrow et al., 2008; Rogan et al., 2018a).
During the 2023 - 2024 site-specific DAS, densities ranged from 0.02 to 0.39 animals per km2,
with a mean of 0.16 animals per km2 (95% Confidence Interval (Cl): 0.06 - 0.27).

11.5.2.11 During the 2025 site-specific DAS, densities ranged from 0.02 to 0.11 animals per km2, with a
mean of 0.07 animals per km2 (95% Cl: 0.03 - 0.14). Within the Extended Marine Mammal Study
Area (survey from May to July 2025), densities ranged from 0.02 to 0.12 animals per km2, with a
mean of 0.07 animals per km2 (95% Cl: 0.03 - 0.12).

11.5.2.12 It is important to note that site-specific density estimates are not representative of animal densities
across the wider scale, and therefore should not be used to assess large scale impacts such as
disturbance from piling. However, the site-specific density estimates are the best fine-scale data
available for assessing the use and importance of the area, therefore the mean corrected density
of 0.38 animals/km2 is taken forward to the quantitative impact assessment (HiDef, 2020b). In
addition to this, the SCANS-IV (Gilles et al., 2023) density estimate of 0.2803 animals/km2 is the
most recent large spatial scale estimate available, and is therefore taken forward to the
quantitative assessment for impacts that may extend beyond the boundary of the Proposed
Development (Table 11.7).

Bottlenose dolphin (Tursiops truncatus)

11.5.2.13 Bottlenose dolphins are also listed under Annex IV of the Habitats Directive as an EPS and under
Annex II of the Habitats Directive as a species of Community Interest. As an Annex II species of
the Habitats Directive, the designation of SACs is required as a component of their conservation.
There are three SACs within the MU Study Area where bottlenose dolphin are listed as a
qualifying feature: Hook Head SAC in Ireland as well as Cardigan Bay SAC and Lleyn Peninsula
and the Sarnau SAC in Wales (Table 11.6) which supports a semi-resident population, where
NRW consider connectivity of this population between the two sites (NRW, 2022). In Ireland,
bottlenose dolphins have a ‘favourable’ conservation status and a ‘stable’ population trend
(NPWS, 2019).

11.5.2.14They are widespread and abundant in Irish waters (Berrow etal., 2010; Wall et al., 2013). Within
the Irish Sea MU, bottlenose dolphin abundance is estimated as 293 individuals (95% Cl: 108 -
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11.5.2.20 Common dolphins are the most frequently recorded dolphin species in Irish waters and have a
broad distribution, occurring in both offshore and coastal waters (Berrow et al., 2010). A single
MU is used for common dolphin: the Celtic and Greater North Seas MU (IAMMWG, 2023). The
abundance estimate for this MU is 102,656 individuals (95% Cl: 58,932 - 178,822, CV: 0.29).

11.5.2.21 A total of 22 common dolphins were recorded on two occasions, in November 2019 and in
January 2020 during site-specific DAS in 2018-2020, confirming their presence within the Marine
Mammal Study Area (HiDef, 2020a). During the 2023-2024  site-specific DAS, common dolphins
were observed on six occasions in the Marine Mammal Study Area, with a total of 32 animals
recorded across the survey period. During the 2025 site-specific DAS, common dolphins were
observed on only one occasion: a group of 26 animals in the Extended Marine Mammal Study
Area in June 2025.

11.5.2.22 It was not possible to provide an abundance and/or density estimate for common dolphin from
the site-specific DAS in 2018-2020 due to the low number of sightings across the survey period.
Whilst it was possible to generate a density of common dolphin from the 2023-2024 site-specific
DAS (0.03 animals/km2), this density has not been taken forward (see justification in Table 11.8).
Therefore, given the relatively low numbers of this species recorded across the historic and recent
site-specific surveys and the broad-scale surveys, the best density estimate available is 0.0272
animals/km2 from the SCANS-IV surveys (Gilles et al., 2023; see Table 11.7).

Minke whale (Balaenoptera acutorostrata)

11.5.2.23 Minke whales are listed under Annex IV of the Habitats Directive as an EPS of Community
Interest. In Ireland, minke whales have a ‘favourable’ conservation status and a ‘stable’ population
trend (NPWS, 2019).

11.5.2.24 Minke whale are the most abundant species of baleen whale in Irish waters and have a patchy
distribution within the Irish Sea (Reid et al., 2003; Rogan et al., 2018a). Within the Celtic and
Greater North Seas MU, minke whale abundance is estimated as 20,118 individuals (95% Cl:
14,061 - 178,822, CV: 0.18) (IAMMWG, 2023).

11.5.2.25There was only one observation of minke whale during the site-specific DAS (HiDef, 2020a;
Volume III, Appendix 11.2: Marine Mammals Technical Report (Revised March 2026)), and one
additional sighting of minke whale in 2024 during the survey campaign (Mizen Archaeology,
2024). However, more sightings have been recorded during the ObSERVE and SCANS surveys
of the wider area (Gilles et al., 2023; Hammond et al., 2021; Rogan et al., 2018a). Furthermore,
the ObSERVE surveys confirmed a higher presence of minke whale during the spring and
summer months (Rogan et al., 2018a). The species is expected to be largely absent in autumn
and winter due to offshore movement during these months. The highest density estimate for the
quantitative assessment is 0.045 animals/km2 from the ObSERVE surveys (Rogan et al., 2018a),
and this represents the most conservative estimate available; this estimate will only be used for
impacts within stratum 5 (where the Proposed Development is located). A density estimate of
0.017 animals/km2 from SCANS-III (Hammond et al., 2021) will be used for to assess the large-
scale impacts that may extend beyond the boundary of the Proposed Development (Table 11.7).

Grey seal (Halichoerus grypus)

11,5.2.26Grey seals are listed under Annex II of the Habitats Directive as a species of Community Interest;
therefore, the designation of SACs is required as a component of their conservation. There are
several SACs where grey seals are listed as a qualifying feature, the closest of which is Lambay
Island SAC which is 62.87 km from the Array Area (Table 11.6). In Ireland, grey seals have a
‘favourable’ conservation status and an ‘increasing’ population trend (NPWS, 2019).

11.5.2.27 Foraging ranges of up to 448 km from a haul-out have been reported for grey seals, based on the
analysis of telemetry data (Carter et al., 2022). However, typical foraging distances tend to be
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shorter, for example, McConnell et al. (1999) reported that 88% of trips undertaken were local
and repeated and were within 65 km of the haul-out site.

11.5.2.28Grey seals have a wide distribution and occur around the coast of Ireland year-round (Morris and
Duck, 2019; O’Cadhla et al., 2007). For the purposes of this impact assessment, grey seals have
been assessed within the East region of Ireland (Figure 11.1; Table 11.7). The population size of
the East region of Ireland has been scaled by estimating the average proportion of grey seals
hauled-out at the time of survey (25.15%, 95% Cl: 25.45 - 29.07%) (SCOS, 2022), resulting in
an estimate of 1,662 individuals (Table 11.7).

11.5.2.29 During the Proposed Development geotechnical survey campaign in 2023, there were four
sightings of individual grey seals and one sighting of a grey seal and an unidentified seal (Gavin
& Doherty Geosolutions Ltd, 2023a). During the 2024 survey campaign, there were five additional
sightings of grey seal (Mizen Archaeology, 2024).

11.5.2.30A total of 15 grey seals were sighted across eight of the 25 site-specific DAS in 2018-2020,
confirming their presence within the Marine Mammal Study Area year-round (HiDef, 2020a).
During the 2023 - 2024 site-specific DAS, grey seals were observed in nine of the 12 survey
months in the Marine Mammal Study Area, with a total of 17 animals recorded across the survey
period. During the 2025 site-specific DAS, grey seals were observed in all months, albeit in low
numbers, across the Marine Mammal Study Area and Extended Marine Mammal Study Area.

11.5.2.31 Grey seal mean density within the Marine Mammal Study Area during the 2018-2020 site-specific
DAS was estimated as 0.007 animals/km2, and this value was greater in the 2023-2025 site-
specific DAS at 0.02 animals/km2(see Volume III, Appendix 11.2: Marine Mammals Technical
Report (Revised March 2026)). These densities were compared to published at-sea densities for
consideration of the most appropriate densities to take forward in the impact assessment. There
is a lack of at-sea density estimate due to a lack of telemetry data in Irish waters. However,
telemetry data from grey seals tagged in UK waters has shown connectivity between the east and
north coasts of Ireland, Wales, Southwest England, and the southwest coast of Scotland (Carter
et al., 2020). The average grey seal density across grid cells within the Array Area and Cable
Corridor and Working Area is 0.08 animals/km2 (extracted from Carter ef al., 2020). As this value
is greater than the site-specific density estimates from the DAS and so more conservative, as
well as more appropriate for impacts over a wider scale, it has been taken forward in the impact
assessment.

11.5.2.32 Grey seals gather in colonies on land (known as haul-outs) where they breed, rest, moult and
engage in social activity (Bonner, 1990). Preferred haul-out locations around the coast of Ireland
include uninhabited islands, isolated beaches, rocky skerries and sea caves (O’Cadhla et al.,
2007). The closest haul-out to the Proposed Development is on the coast at Arklow, county (Co.)
Wicklow. (Duck and Morris, 2013; Morris and Duck, 2019). Grey seals also haul-out at nearby
established breeding colonies at Lambay Island, to the north of the Proposed Development, and
at Wexford Harbour to the south of the Proposed Development (Duck and Morris, 2013; Morris
and Duck, 2019). Grey seals have been observed in-water and hauled out at the Landfall during
the 2025 seal VP surveys, including several pups in sheltered coves suggesting that the coves
adjacent to the Landfall may serve as a pupping site.

Harbour seal (Phoca vitulina)

11.5.2.33 Harbour seals are listed under Annex II of the Habitats Directive as a species of Community
Interest, therefore designation of SACs is required as a component of their conservation. Lambay
Island SAC is the only SAC for which harbour seals are a designated feature that falls within the
East region of the Rol (Table 11.6). In Ireland, harbour seals have a ‘favourable’ conservation
status and a ‘stable’ population trend (NPWS, 2019).
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trends in strandings data found that there was little to no change in the proportion of warmer water
species, such as common dolphin, stranding in the Oslo-Paris Conventions (OSPAR) III South
region, which is the OSPAR region that the Proposed Development is located in (Williamson et
al., 2021). It was concluded that the northward shift was not captured by strandings data in this
region because southern regions of the UK and Ireland are already part of the range of warmer
water adapted species (Williamson et al., 2021).

11.5.3.5 Observed shifts in marine mammal distribution are considered to represent a functional response
of marine mammal species to distribution shifts of their cold-blooded prey which are more
sensitive to environmental changes, such as increased SSTs and decreased salinity (Albouy et
al., 2020; Vikingsson et al., 2015; Nottestad et al., 2015; Dye et al., 2020). For example, the
observed shift in harbour porpoise distribution in the North Sea over the last 20 years has been
linked to changing sandeel (Ammodytes) distributions (Hammond et al., 2008; Paxton et al.,
2016).

11.5.3.6 There is no clear evidence that climate change has directly affected either grey seal or harbour
seal to date, although it is likely to be a key driver of seal population declines in the future (Evans
and Bjorge, 2013). UK harbour seal populations have already experienced widespread declines
and while the main cause is unknown, the prevalence of domoic acid, a neurotoxin derived from
toxic algae, could be a contributing factor, and could be exacerbated by increased SSTs (SCOS,
2022).

11.5.3.7 In addition, sea level rise and increase in storm frequency and associated wave surges could
result in changes to physical habitats. This could affect the availability of seal haul-out sites and
breeding locations in caves or low-lying coasts, which may be modified or lost as a result,
potentially leading to increased pup mortality (Gazo et al., 2000; Lea et al., 2009).

11.5.3.8 Susceptibility of marine mammal species to disease and contaminants could also be impacted
because of climate change as it has the potential to increase pathogen development and survival
rates, disease transmission, and host susceptibility (Martin et al., 2023). Higher SSTs could
impact disease prevalence by altering the range shifts of both hosts and pathogens which may
introduce novel pathogens to new species and regions, and may also increase thermal stress of
marine mammal species, increasing their susceptibility to some diseases (Cohen et al., 2018;
Tracy et al., 2019; Sanderson and Alexander, 2020). This is supported by an increase in reports
of diseases affecting marine organisms, including marine mammals, worldwide (Burek et al.,
2008; Harvell et al., 2002; Lafferty et al., 2004; Van Bressem et al., 2009).

11.5.3.9 Species responses to climate change are complex and sensitivities are likely exacerbated by
anthropogenic pressures such as construction, pollution, and fishing (Poloczanska et al., 2016),
which also influences the distribution and abundance of marine mammal populations. These
potential impacts include: probable mortality due to bycatch from fisheries (particularly for harbour
porpoise and common dolphin) (Avila et al., 2018; Leeney et al., 2008; Taylor et al., 2023);
removal of prey species by overfishing (DeMaster et al., 2001; Matthiopoulos ef al., 2008); direct
or indirect effects of contamination (from pollution incidents, sewage discharge, or litter disposal
at sea) (Helm et al., 2015; Lane et al., 2015; Mearns et al., 2016); injury or disturbance from noise
pollution in the marine environment (for example from shipping, drilling, piling, seismic surveys,
military activity, dredging and disposal, aggregate extraction, and unexploded ordnance (UXO)
detonations) (Culloch et al., 2016; Pirotta et al., 2012, 2014; Stone et al., 2017; Wisniewska ef
al., 2018; Graham et al., 2019); and death or injury due to collision with physical objects (including
vessels or renewable energy infrastructure) (Wells ef al., 2008; Luksenburg, 2014).

11.5.3.1OAlthough anthropogenic activities may be associated with adverse effects on marine mammals,
all marine mammal species included in this assessment were assessed as having a ‘favourable'
conservation status in Irish waters, with grey seal showing an increasing population trend (NPWS,
2019).

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 31





 

 

 

 

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 33 

Limitation Description 

complement the existing two-year DAS surveys, and have been used in a 
qualitative way. The limitations described with regards to bias in data and 
survey timings also apply to the additional DAS. 

Population modelling It was not considered necessary to update the iPCoD modelling because the 
revised piling parameters remain within the overall range assessed in the 
iPCoD modelling. The original iPCoD outputs remain valid for the purposes of 
assessment and are considered precautionary, as they are based on a 
scenario that reflects equal or greater impact potential than the revised design.  

 

Population modelling 
 

 

11.6 Impact assessment methodology  

11.6.1 Key parameters for assessment 
 

 

GoBc
APEMGroup

z lsse
Renewables

Limitation Description

complement the existing two-year DAS surveys, and have been used in a
qualitative way. The limitations described with regards to bias in data and
survey timings also apply to the additional DAS.

Population modelling was  not considered necessary to update the iPCoD modelling because the
revised piling parameters remain within the overall range assessed in the
iPCoD modelling. The original iPCoD outputs remain valid for the purposes of
assessment and are considered precautionary, as they are based on a
scenario that reflects equal or greater impact potential than the revised design.

11.5.4.3 Despite the limitations described in Table 11.8, the baseline assessment provides an informative
account of the marine mammals within the Marine Mammal Study Area and MU Study Areas.
The site-specific data has also been supported by information collated via the detailed desktop
review, and therefore these data limitations are not expected to constrain the ability to draw
conclusions within this assessment.

Population modelling

11.5.4.4 Population modelling was completed using the interim Population Consequences of Disturbance
(iPCoD) framework for the Proposed Development in isolation to assess whether disturbance
resulting from pile driving is predicted to result in population level impacts to five marine mammal
species that were identified in the baseline of the EIAR as key receptors. The species assessed
are harbour porpoise, bottlenose dolphin, minke whale, grey seal, and harbour seal, noting that
iPCoD is not available for Risso’s dolphin and common dolphin. The assessment was based on
the maximum number of animals predicted to be disturbed per piling day, as presented in sections
11.9 and 11.10.1.

11.5.4.5 iPCoD uses a stage structured model of population dynamics with nine age classes and one
stage class (adults 10 years and older). The model is used to run a number of simulations of
future population trajectory with and without the predicted level of impact, to allow an
understanding of the potential future population level consequences of predicted behavioural
responses. For further information see Volume III, Appendix 11.3: Phase 1 Irish Offshore
Windfarms: Cumulative iPCoD Modelling.

11.6 Impact assessment methodology

11.6.1 Key parameters for assessment
11.6.1.1 The assessment of significance of effects has been carried out on both of the two discrete Project

Design Options detailed in Volume II, Chapter 4: Description of Development (Revised March
2026). This approach has allowed for a robust and full assessment of the Proposed Development.

11.6.1.2 The two Project Design Options and parameters relevant to each potential impact are detailed in
Table 11.9 and Table 11.10.
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biologically significant amount of TTS. Therefore, it was not possible to carry out a quantitative
assessment of the sensitivity, magnitude, or significance of the impact of TTS on marine
mammals.

11.7.4.18The number of individuals that may be affected by PTS relative to the reference population was
quantified by multiplying the onset impact ranges by the density estimates for each species and
calculating the proportion of the reference population.

Behavioural disturbance

DOSE-RESPONSE FUNCTIONS

11.7.4.19A species-specific dose-response approach was used for the assessment of disturbance to
marine mammals from underwater noise during pile driving. This approach was based on current
best practice methodology to provide evidence-based estimates rather than the fixed behavioural
threshold approach.

11.7.4.20The application of a dose-response function is used to quantify the probability of a response from
an animal to a stressor or stimulus, which will vary according to the dose of stressor or stimulus
received by the animal (Dunlop etal., 2017). Therefore, it is based on the assumption that not all
animals in an impact zone will respond, unlike traditional methods of threshold assessment.

11.7.4.21 For the purpose of this assessment, the dose is the received single-strike SELss which is
considered to be best practice for this type of assessment (Southall et al., 2021). SELss contours
at 5 dB intervals generated by noise modelling (see Volume III, Appendix 11.1: Underwater Noise
Assessment (Revised March 2026)) were overlain on species density surfaces to quantify the
number of animals receiving each SELss, and subsequently the number of animals likely to be
disturbed based on the dose-response curve.

11.7.4.22This impact assessment for cetaceans uses the dose-response curve that was developed by
Graham et al. (2017b) for harbour porpoise using data collected during the first six weeks of piling
during Phase 1 of the Beatrice offshore windfarm.

11.7.4.23 Following the development of this dose-response curve, additional data from the remaining piling
events have been processed and showed that the responses of harbour porpoises to piling noise
diminishes over the construction period (Graham et al., 2019). Therefore, the use of the dose-
response curve from the initial piling event in this assessment can be considered conservative.

11.7.4.24 In the absence of species-specific dose-response data for dolphins or minke whales, this dose-
response curve has been adopted for all cetaceans, however it is considered that the application
of the porpoise dose-response curve to other cetacean species is highly over-precautionary. This
is because harbour porpoises are highly responsive to anthropogenic disturbance, with multiple
studies showing response via avoidance and/or reduced vocalisation to various anthropogenic
noise sources (Benhemma-LeGall etal., 2021; Brandt etal., 2013; Brandt etal., 2018; Thompson
etal.,  2013; Thompson etal., 2020; Sarnocihska etal., 2020). Other cetacean species, including
bottlenose dolphin and common dolphin, have shown less of a response to underwater noise in
comparison to harbour porpoise (Fernandez-Betelu et al., 2021; Kastelein et al., 2006; Stone et
al., 2017).

11.7.4.25 For seals, the dose-response function used is derived from harbour seal telemetry data collected
during pile driving activities at the Lincs offshore windfarm in 2011 - 2012 and is presented in
Whyte et al. (2020). The study presented the percentage change in harbour seal density at the
Lincs offshore windfarm and has conservatively assumed that all seals will be disturbed at SELss
>180 dB re 1 pPa2

s. There are no corresponding data for grey seals and, as such, the harbour
seal dose-response function is applied to the grey seal disturbance assessment. This is
considered an appropriate proxy for grey seal as both species are categorised within the same
FHG. However, it is likely to result in an over-estimation of grey seal response as this assessment
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11.7.4.36 It is important to note that there are no comparative studies that evaluate TTS-onset from
impulsive noise for marine mammal species at present (Southall et al., 2021).

PREDICTING THE RESPONSE OF AN ANIMAL TO UNDERWATER NOISE

11.7.4.37The ability to predict the response of an animal to underwater noise and the number of animals
potentially exposed to levels of noise that may cause an impact is uncertain. The high spatial and
temporal variation in marine mammal abundance and distribution in any area makes it difficult to
predict how many animals may be present within the range of noise impacts. As a result, all
methods for determining at-sea abundance and distribution suffer from a range of biases and
uncertainties.

11.7.4.38 Limited empirical data is available to inform predictions relating to the extent to which animals
may experience auditory damage or display responses to noise. The current methods for
predicting behavioural responses are based on received sound levels, but it is likely that factors
other than noise levels alone will also influence the probability of response and the strength of
response, such as previous experience, behavioural and physiological context, proximity to
activities, duty cycle and pulse characteristics of the sound. However, it is not possible to
adequately take these factors into account when predicting a behavioural response at present.
This assessment makes use of the monitoring work that has been carried out during the
construction of the Beatrice offshore windfarm and therefore uses the most recent and site-
specific information on disturbance to harbour porpoise because of pile driving noise (Graham et
al., 2017a; Graham et al., 2019).

TTS-ONSET ASSUMPTIONS

11.7.4.39 As outlined in 11.7.4.13., using a threshold for the onset of TTS typically results in overestimates
of potential ranges at which ecologically significant effects could occur. Coupled with the
precautionary assumptions in the model, particularly with respect to the SELcum metric, this means
that estimates of TTS are likely to be unrealistic and very conservative, and therefore should be
interpreted with caution.

11.7.4.40 In addition, it is important to note that there are no thresholds to determine a biologically significant
effect on marine mammals from TTS, therefore a qualitative assessment of TTS has been
presented within this Chapter.

11.7.5 Assessment methodology for injury and/or disturbance from
underwater noise during UXO clearance

11.7.5.1 The noise levels generated from UXO clearance were predicted by Subacoustech Environmental
Ltd. Full details of the underwater noise modelling and resulting impact ranges are detailed in
Volume III, Appendix 11.1: Underwater Noise Assessment (Revised March 2026).

11.7.5.2 As the detailed confirmatory surveys have not yet been completed, it is not possible at this time
to determine how many items of UXO will require clearance. Alternatively, a review of recent
information has been used to define parameters for consideration with respect to UXO clearance
within this Chapter.

11.7.5.3 A selection of explosive sizes has been considered based on what might be present, and in each
case, it has been assumed that the maximum explosive charge in each device is present and
detonates with the clearance. The range of charge weights (TNT equivalent) for the potential UXO
devices that have been modelled are 25, 55, 120, 240, 525, 700, and 800 kg. In each case, an
additional donor weight of 0.5 kg has been included to initiate detonation. Low order deflagration
has also been assessed, which assumes that the donor or shaped charge (charge weight of 0.5
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kg) detonates fully to initiate a burnout of the explosive but without the follow-up detonation of the
UXO. No mitigation has been considered within the modelling.

11.7.5.4 Estimation of the source noise level for each charge weight has been carried out in accordance
with the methodology of Soloway and Dahl (2014). Unweighted UXO clearance source levels for
each charge weight are presented in Table 11.19.

Table 11.19: Unweighted SPLpeak and SELss source levels used for UXO modelling

Charge weight
equivalent)

(kg) (TNT SPLpeak source level (dB re 1 pPa

@ 1 m)

SELss source level (dB re 1 pPa2
s

@ 1 m)

0.5 (low order) 272.1 217.1

25 + donor 284.9 228.0

55 + donor 287.5 230.1

120 + donor 290.0 232.3

240 + donor 292.3 234.2

525 + donor 294.8 236.4

700 + donor 295.8 237.2

800 + donor 296.2 237.5

Approach to PTS and TTS-onset

11.7.5.5 The PTS-onset thresholds used to assess the potential for auditory injury to marine mammals
during UXO clearance are those presented in Southall ef al. (2019) for impulsive noise (Table
11.18) as it is currently advised by UK statutory nature conservation bodies (SNCBs) (Natural
England and the Marine Management Organisation) that these thresholds should be used for
impact assessment from UXO detonation on marine mammals. This has been followed within this
assessment as the most appropriate alternative given that Irish-specific guidance on UXO
detonation does not exist. However, the suitability of these criteria is currently being discussed
because there a lack of empirical evidence regarding UXO detonations using these metrics,
particularly, the range-dependent characteristics of the peak sounds, and whether current
propagation models can accurately predict the range at which these thresholds are reached.

11.7.5.6 The TTS-onset thresholds are also presented (Table 11.18), although it is important to note that
there is currently no threshold for TTS-onset that would indicate a biologically significant impact
as a result of TTS. Therefore, it was not possible to carry out a quantitative assessment of the
sensitivity, magnitude, or significance of the impact of TTS on marine mammals. Any impacts
relating to the effects of TTS are considered to be captured in the quantitative assessment of
disturbance.

Behavioural disturbance

11.7.5.7 Unlike pile driving, there are no dose-response functions available that describe the magnitude
and short-term nature of the behavioural impact of UXO detonation on marine mammals.

11.7.5.8 Both piling and explosive sound sources are categorised as ‘impulsive’, however the number of
pulses and overall duration of noise emission which drive the behavioural response are drastically
different. Behavioural responses to a single UXO detonation are expected to be a one-off startle
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response or aversive behaviour; whereas animals are anticipated to be continuously driven out
of an impacted area by the series of pulses that are emitted during pile driving, enabling a dose-
response to be quantified. Therefore, the empirically-derived dose-response curves used for
assessment of behavioural disturbance for pile driving are not applicable to the assessment of
UXO clearance.

11.7.5.9 Given that there are no appropriate dose-response functions available for behavioural
disturbance from UXO detonation, other disturbance thresholds have been considered and are
summarised in the sections below.

EFFECTIVE DETERRENCE RANGES (EDRS)

HIGH ORDER CLEARANCE

11.7.5.1OThere is no national guidance available on the methodology that should be used to assess
disturbance from UXO clearance. Available guidance on assessing the significance of noise
disturbance against the conservation objectives of harbour porpoise SACs in England, Wales,
and Northern Ireland (JNCC, 2025) advises that an EDR of 20 km around the source location
should be used to determine the area of impact from a high order UXO detonation. To note, this
is recommended specifically for high order clearance of charge weights up to 263 kg, as that is
the maximum charge weight cleared in the underpinning evidence base.

11.7.5.11 The recommended 20 km EDR is derived from Majewska et al. (2025) where the EDR is
calculated using data from van Geel et al. (2024). This study was conducted during the
construction of the East Anglia ONE OWF where a total of 81 high order UXO detonations took
place over the campaign. Findings from van Geel et al. (2024) recorded reduced harbour porpoise
presence/acoustic activity up to a distance of 20 km for UXOs weighing 101 and 250 kg net
explosive quantity.

11.7.5.12 Majewska et al. (2025) recommended that the EDR for high order UXO clearance should be in
the range of 15-20 km. However, given the limited empirical evidence, and remaining uncertainty,
the UK SNCB’s advice is to use the upper end of that range (i.e. 20 km).

11.7.5.13The 20 km EDR assumes that all animals are disturbed within this radius (i.e. 1,256.64 km2) and
has been applied to all marine mammal species for high order detonations given that agreed
metrics of disturbance for other marine mammal species are not available and there is a lack of
empirical data on the likelihood of response to explosives.

11.7.5.14However, it is important to note that the behavioural disturbance from a single UXO detonation
would not result in the same widespread and prolonged displacement that pile driving does
(JNCC, 2020). Furthermore, there is no direct evidence to support the assumption that all marine
mammal species will respond in the same way to a high order UXO clearance as harbour porpoise
do to pile driving of jacket foundations (Dahne et al., 2013).

LOW ORDER CLEARANCE

11.7.5.1 The available guidance on assessing the significance of noise disturbance against the
conservation objectives of harbour porpoise SACs in England, Wales, and Northern Ireland
(JNCC, 2025) advises that an EDR of 5 km around the source location should be used to
determine the area of impact from a low-order UXO clearance.

11.7.5.2 This recommended 5 km EDR is well-supported by evidence from sound measurement studies,
which includes six studies comprising of 166 clearance events (Majewska et al., 2025).

11.7.5.3 The 5 km EDR assumes that all animals are disturbed within this radius (78.54 km2) and has been
applied to all marine mammal species for low order detonations given that agreed metrics of

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 64







 

 

 

 

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 67 

 

DOLPHIN SPECIES (HIGH FREQUENCY CETACEANS) 

 

 

 

MINKE WHALE (LOW FREQUENCY CETACEANS) 

 

 

 

 

GoBc
APEMGroup

z lsse
Renewables

Beatrice and Moray East offshore windfarms, harbour porpoise acoustic detections gradually
declined by up to 33% during the 48-hour period prior to piling (Benhemma-Le Gall et al., 2023).
It is assumed that this is due to an increase in other construction-related activities and the
presence of vessels in advance of pile driving which act as a deterrent to harbour porpoise,
therefore reducing the risk of auditory injury (Benhemma-Le Gall et al., 2023). Therefore, it is
highly unlikely that harbour porpoise will be present in the immediate vicinity of the pile driving at
the start of the activity. Consequently, the assessment of underwater noise in relation to pile
driving, which assumes harbour porpoises will be present in the immediate vicinity during pile
driving, is extremely precautionary.

11.9.1.12 PTS is a permanent effect which cannot be recovered from, although evidence does not suggest
that PTS from piling will significantly impact the survival or reproductive rates of harbour porpoise.
As a result, they are considered to be of high adaptability, reasonable tolerance, have no
recoverability, and are of high value. Therefore, harbour porpoises are assessed as having a Low
sensitivity to PTS from underwater noise during pile driving.

DOLPHIN SPECIES (HIGH FREQUENCY CETACEANS)

11.9.1.13The ecological consequences of PTS for bottlenose dolphin, Risso’s dolphin, and common
dolphin are uncertain but could result in effects that influence survival and reproductivity, as
discussed in paragraph 11.9.1.7.

11.9.1.14As described for harbour porpoise, studies have shown that there are frequency-specific
differences in the onset and growth of noise-induced threshold shifts in relation to the
characteristics of the noise source and hearing sensitivity of the receiving species. At a BEIS-
funded expert elicitation workshop in 2018, experts concluded that the probability of PTS
significantly affecting the survival and reproduction of bottlenose dolphins was very low, assuming
an impact a 6 dB PTS in the 2 - 10 kHz range (Booth and Heinis, 2018).

11.9.1.1 5 PTS is a permanent effect which cannot be recovered from, although evidence does not suggest
that PTS from piling will significantly impact the survival or reproductive rates of dolphin species.
As a result, bottlenose dolphins, Risso’s dolphins, and common dolphins are considered to be of
high adaptability, reasonable tolerance, have no recoverability, and are of high value. Therefore,
bottlenose dolphins, Risso’s dolphins, and common dolphins are assessed as having a Low
sensitivity to PTS from underwater noise during pile driving.

MINKE WHALE (LOW FREQUENCY CETACEANS)

11.9.1.16The low frequency noise produced during pile driving may be more likely to overlap with the
hearing range of low frequency cetacean species such as minke whales. Although very little is
known about minke whale hearing, it is likely that they use sound for communication and are
thought to be capable of hearing sounds through their skull bones (Cranford and Krysl, 2015).

11.9.1.17 As for other FHGs above, it is assumed that animals experiencing PTS would suffer a biological
effect that could impact on the health and vital rates of the animal (Erbe et al., 2018) and could
ultimately lead to reduced birth rate in females or mortality of individuals.

11.9.1.1STubeli et al. (2012) estimated the most sensitive hearing range for minke whales to extend from
30 to 100 Hz up to 7.5 to 25 kHz. This suggests that a 6 dB PTS in the 2 - 10 kHz range would
only affect a small region of their hearing. Furthermore, several studies have demonstrated that
minke whale communication signals are below 2 kHz (Edds-Walton, 2000; Gedamke etal., 2001;
Mellinger etal., 2006; Risch etal., 2013; 2014).

11.9.1.19 PTS is a permanent effect which cannot be recovered from, although evidence does not suggest
that PTS from piling will significantly impact the survival or reproductive rates of minke whale as
only a small region of their hearing would be potentially affected. As a result, they are considered
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to be of high adaptability, reasonable tolerance, have no recoverability, and are of high value.
Therefore, minke whales are assessed as having a Low sensitivity to PTS from underwater noise
during pile driving.

GREY AND HARBOUR SEAL (PHOCIDS IN WATER)

11.9.1.20 Seals use sound both in air and water for communication, predator avoidance, and reproductive
interactions, and are less dependent on hearing for foraging than cetaceans (Deecke et al., 2002).
Seals have very well developed tactile sensory systems that are used for foraging, but in certain
conditions they may also listen to sounds produced by vocalising fish whilst hunting for prey
(Dehnhardt etal., 2001; Shulte-Pelkum etal., 2007).

11.9.1.21 Any threshold shifts in hearing caused by pile driving would manifest in the range of 2 - 10 kHz
(Kastelein et al., 2017). At a BEIS-funded export elicitation workshop in 2018, experts concluded
that the probability of PTS significantly affecting the survival and reproduction of grey and harbour
seals was very low, assuming a 6 dB PTS in the 2 -  10 kHz range (Booth and Heinis, 2018).

11.9.1.22 Calculations of SELs of tagged seals during the construction of the Lincs offshore windfarm
(Southern North Sea, UK) estimated that at least 50% of tagged seals would have received a
dose of sound greater than published thresholds for PTS (Hastie ef al., 2015), although it is
important to note that published thresholds have since been updated in Southall ef al. (2019) and
therefore this estimate is now expected to be lower. For example, Whyte ef al. (2020) found that
the percentage of tagged seals predicted to experience PTS-onset varied from 0 to 17%
depending on the onset threshold applied. The extent of offshore windfarm construction within
the Wash over the last decade and the degree of overlap with foraging ranges of harbour seals
in this region would suggest that a large number of individuals within the Wash population may
have experienced levels of sound that have the potential to cause PTS (Russell ef al., 2016).
However, the increase in the Wash harbour seal population during this period suggests that either
the survival and fitness of individuals is not affected or that seals are not developing PTS despite
predictions of exposure that indicate that they should be.

11.9.1.23 PTS is a permanent effect which cannot be recovered from, although, seals do not generally use
hearing as the primary sensory function for locating prey and evidence does not suggest that PTS
from piling will significantly impact the survival or reproductive rates of seals. As a result, they are
considered highly adaptable, reasonably tolerant, have no recoverability, and are of high value.
Therefore, grey and harbour seals are assessed as having a Low sensitivity to PTS from
underwater noise during pile driving.

BEHAVIOURAL DISTURBANCE

HARBOUR PORPOISE

11.9.1.24 Harbour porpoises are particularly vulnerable to disturbance because they are small cetaceans
which makes them susceptible to heat loss and as a result, requires them to forage frequently in
order to maintain a high metabolic rate with little energy remaining for fat storage (Rojano-Dohate
ef al., 2018; Wisniewska ef al., 2016). Therefore, there is a risk of changes to their overall fitness
if they are displaced from high-quality foraging grounds or if their foraging efficiency is disturbed,
and they are unable to find alternative suitable foraging grounds that will provide sufficient food
to meet their metabolic needs. However, results from studies using Digital Acoustic Recording
Tags (DTAGs) suggest that harbour porpoises are able to respond to short-term reductions in
food intake and may have some resilience to disturbance (Wisniewska et al., 2016).

11.9.1.25 Several studies have shown that harbour porpoises are displaced during periods of pile driving
(Benhemma-Le Gall et al., 2021; Brandt ef al., 2016; Graham ef al., 2019;). For example,
monitoring of harbour porpoise during piling at Beatrice offshore windfarm in northeast Scotland
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indicated that porpoises were displaced from the immediate vicinity of the piling activity with a
50% probability of response occurring at approximately 7 km at the first piled location (Graham
ef a/., 2019). However, the 50% probability of response reduced to 1.3 km by the final piling
location, suggesting that the response of harbour porpoise diminished over the construction
period (Graham et al., 2019).

11.9.1.26This is further supported by studies at eight offshore windfarms in the German North Sea where
declines in porpoise detection of >90% were recorded at noise levels above 170 dB compared to
a baseline period of 24 to 48 hours (Brandt et al., 2016). A decline in detections of 25% at noise
levels between 145 and 150 dB showed a decrease in effect with increase in distance from the
piling location (Brandt ef al., 2016). Furthermore, the detection rates showed that animals were
only displaced from the area for a short period (one to three days) (Brandt et al., 2011; Brandt et
al., 2016; Brandt etal., 2018; Dahne et al., 2013).

11.9.1.27 Recent studies at two offshore windfarms in Scotland showed that detections of clicks, associated
with echolocation, and buzzing, associated with prey capture, in the short range (2 km) did not
cease in response to piling, suggesting that porpoises were not completely displaced from the
piling area (Benhemma-Le Gall et al., 2021). Furthermore, the study suggests that animals that
experience displacement may be able to compensate for missed foraging opportunities and
increased energy expenditure of fleeing the piling area as detections of both clicks and buzzing
were positively related to the distance from the piling activity (Benhemma-Le Gall ef al., 2021)
which could be due to an increase in foraging activities beyond the piling impact range.

11.9.1.28 At an expert elicitation workshop in 2018, experts agreed that juvenile and adult survival were
unlikely to be significantly affected by missed foraging opportunities as a result of disturbance
from piling (Booth ef al., 2019). As a result, harbour porpoises are considered to be of high
adaptability, reasonable tolerance, have high recoverability, and are of high value. Therefore,
harbour porpoises are assessed as having a Low sensitivity to behavioural disturbance from
underwater noise during piling driving.

BOTTLENOSE DOLPHIN

11.9.1.29 A study of bottlenose dolphin response to impulsive noise (including the piling campaigns of
Beatrice offshore windfarm and Moray East offshore windfarm, northeast Scotland), suggest that
these activities did not cause displacement of the species from the southern coast of the Moray
Firth (Fernandez-Betelu ef al., 2021). At the small temporal scale, dolphin detections increased,
and the species remained within the predicted impacted area close to the offshore activities, for
a median of two hours per day, on days with impulsive noise. This could be due to modifications
in group size and/or behaviour, or changes in vocalisation rate or amplitude in response to
impulsive noise generated by offshore activities. It is also important to note that bottlenose dolphin
occurrence is largely influenced by various natural drivers, such as prey abundance, which could
be deemed of higher importance in affecting their occurrence. Other studies in the Cromarty Firth,
northeast Scotland have suggested small spatial and temporal scale disturbance of bottlenose
dolphins from piling activities have occurred previously, as evidenced by a slight reduction of the
presence, detection positive hours, and the encounter duration in the vicinity of construction
works, although dolphins were not excluded entirely from the area (Graham et al., 2017a).

11.9.1.30There is potential for behavioural disturbance due to underwater noise to result in disruption in
foraging and resting activities and an increase in travel and energetic costs (Marley ef al., 2017;
Pirotta ef al., 2015), although evidence suggests that this will occur on a small spatial and
temporal scale. Furthermore, New ef al. (2013) showed that while there is potential for
disturbance to affect bottlenose dolphin behaviour and health, which will then impact vital rates
and population dynamics, individuals are able to compensate for immediate behavioural
responses to disturbances caused by vessel activity. This suggests that they have some
capability to adapt their behaviour and tolerate certain levels of temporary disturbance. As a
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scale temporal occurrence of minke whales was reduced by the presence of construction related
activity (which did not include pile driving but did assess vessel presence as a proxy for other
activities, including seismic surveys and multi-beam surveys) in Broadhaven Bay, northwest
Ireland (Culloch et al., 2016).

11.9.1.36 Minke whale are seasonal migrants to Irish (and UK) waters, where they forage on pelagic
schooling fish during the summer months (Whooley, 2016). Minke whales are highly adapted to
spatial movement. Tracking and habitat-use studies demonstrate that they routinely forage across
broad spatial ranges, shifting their distribution in response to prey availability at both fine and
regional scales (MacDougall and Robinson, 2025). Their foraging behaviour is adaptable, with
individuals exploiting a variety of prey resources, including surface-associated and deeper-water
prey patches, and adjust their feeding strategies seasonally to follow movements of prey
(sandeels, sprat, and krill) (Friedlaender et al., 2014; Cade et al., 2023). Further, studies indicate
that minke whales undertake broad-scale, seasonal movements across diverse habitats over the
annual cycle (Eerkes-Medrano et al., 2021).

11.9.1.37 Collectively, these studies show that minke whales possess a high degree of foraging flexibility
and can access alternative prey patches across extensive spatial ranges. Given their large body
size, substantial energetic reserves, and broad scale movement capacity, minke whales are well
equipped to tolerate temporary displacement from localised foraging areas. Consequently, they
are expected to recover from any short term disruption to foraging more effectively than smaller
species such as harbour porpoise, and temporary displacement is unlikely to result in measurable
impacts on vital rates. As a result, minke whales are considered to be of high adaptability,
reasonable tolerance, have high recoverability, and are of high value. Therefore, minke whales
are assessed as having a Low sensitivity to behavioural disturbance from underwater noise during
piling driving.

GREY SEAL

11.9.1.38 Limited information on the behavioural responses of grey seals to underwater noise is available.
Studies in the Netherlands collected telemetry data from 20 grey seals in 2014 during the during
the construction of the Luchterduinen windfarm and from 16 grey seals in 2015 during the
construction of the Gemini windfarm (Aarts et al., 2018). The most common response suggested
a change in behaviour from foraging to horizontal movement, although various other responses
were recorded including, altered surfacing and diving behaviour, changes in swim direction, and
no response (Aarts et al., 2018). Data from this study also showed that seals returned to the area
on subsequent trips, despite receiving multiple exposures.

11.9.1.39 During an expert elicitation workshop in 2018, it was concluded that grey seals were considered
to have a reasonable ability to compensate for missed foraging opportunities due to disturbance
from underwater noise given their generalist diet, adequate fat stores, mobility, and life history
(Booth etal., 2019). In general, expertsagreed that grey seals would be more robust to the effects
of disturbance than harbour seals as they have larger energy store and are more generalist in
their diet and more adaptable in their foraging strategies (Booth etal., 2019). Experts also agreed
that moderate-high levels of repeated disturbance would be required for any effect on grey seal
fertility rates (Booth et al., 2019).

11.9.1.40 Grey seals are highly adaptable to a changing environment. They can adjust their metabolic rate
and foraging strategies and can compensate for lost opportunities due to their generalist diet,
mobility, and adequate fat stores (Smout et al., 2014; Stansbury et al., 2015). They are also able
to tolerate periods of fasting as part of their life history because of their large body size and thick
layer of blubber (i.e. more energy reserve) (Pomeroy et al., 1999). In addition, they are wide
ranging and can travel large distances (up to 488 km) between different haul out and foraging
regions, although on average, distances tend to be approximately 65 km (McConnell et al., 1999).
As a result, grey seals are considered to be of high adaptability, reasonable to high tolerance,
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assessment by using the highest value density estimate where multiple robust estimates were
available.

11.9.1.47 For harbour porpoise, the maximum instantaneous PTS-onset impact range was 680 m for the
installation of a 11 m monopile at the C WTG location (Table 11.22). This equates to a maximum
of one animal experiencing auditory injury (<0.01% of the reference population) using the site-
specific DAS density estimate. Using the cumulative PTS-onset thresholds, the maximum impact
range was 1,700m (1.7 km) for the installation of a 11 m monopile at the C WTG location (Table
11.22). This equates to a maximum of two animals experiencing auditory injury (<0.01% of the
reference population) using the site-specific DAS density estimate. Using the density estimate
from SCANS-IV, which covers a larger spatial scale, this would be <1 animal (<0.01% of the
reference population) that would experience auditory injury due to instantaneous PTS-onset, and
<1 animal (<0.01% of the reference population) that would experience auditory injury due to
cumulative PTS-onset (Table 11.22).

11.9.1.48 For dolphin species, the maximum instantaneous PTS-onset impact range was <50 m at all piling
locations. This equates to a maximum of one animal experiencing auditory injury (<0.01% of the
reference population) for all dolphin species. Using the cumulative PTS-onset thresholds, the
maximum impact range for dolphin species was <50 m at all piling locations, and as such, a
maximum of one animal experiencing auditory injury (<0.01% of the reference population) for all
dolphin species.

11.9.1.49 For minke whale the maximum instantaneous PTS-onset impact range was 60 m for the
installation of a 11 m monopile at the C WTG location (Table 11.22). This equates to a maximum
of one animal experiencing auditory injury (<0.01% of the reference population) using both the
Rogan et al. (2018) and Hammond et al. (2021) density estimates. Using the cumulative PTS-
onset thresholds, the maximum impact range was 7,100 m (7.1 km) for the installation of a 11 m
monopile at the C WTG location (Table 11.22). This equates to a maximum of three animals
experiencing auditory injury (<0.01% of reference population), using the density estimate from
Rogan et al. (2018).

11.9.1.50 For seals, the maximum instantaneous PTS-onset impact range was 70 m for the installation of
a 11 m monopile at the C WTG location (Table 11.22). This equates to a maximum of one animal
experiencing auditory injury (<0.01% of the reference population). Using the cumulative PTS-
onset thresholds, the maximum impact range was <50 m at all piling locations. This equates to a
maximum of one animal experiencing auditory injury (<0.01% of the reference population).

11.9.1.51 The impact is restricted to active piling days during the construction phase that is reasonably
expected to occur. It is considered to result in a very small proportion of the population affected,
although auditory injury (PTS) is expected to have a permanent change to the receptor. As part
of an expert elicitation workshop, experts in the relevant fields of marine mammal science
discussed the nature, extent, and consequence of hearing threshold shifts on marine mammal
arising from repeated exposures to low-frequency impulsive noise (Booth and Heinis, 2018). It
was acknowledged that energy from piling noise primarily concentrates between about 30 and
500 Hz, and peaks between 100 and 300 Hz with extension to above 2 kHz (Kastelein et al.,
2015a, Kastelein et al., 2016). The experts agreed that PTS and TTS as a result of piling would
occur between the frequency range of 2 to 10 kHz (Kastelein et al., 2017), with PTS of 6 to 18 dB
within this narrow range. They concluded that such change is not likely to adversely and
significantly impact the survival and reproductive rates of marine mammals, including minke
whales, which have a hearing range in the lower frequencies (paragraphs 11.10.1.18 and
11.10.1.19).Therefore, the magnitude of impact is assessed as Low adverse for harbour porpoise
and minke whale as between one and three animals may be impacted. For dolphin and seal
species, a maximum of one animal (less than 1 as presented in Table 11.21 to Table 11.25) is
predicted to experience auditory injury (PTS), therefore the magnitude of impact is assessed as
Negligible adverse.
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Area (km2) Maximum range (m) Number of animals % of reference
population

Harbour seal 0.0003 <0.01 <50 <1 <0.01
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TTS: RAMP-UP MITIGATION SCENARIO

11.9.1.52The following section provides the qualitative assessment of the impact of TTS from pile driving
on marine mammals. The predicted areas and maximum impact ranges for TTS-onset from pile
driving at each of the five modelling locations are presented in Table 11.26. As outlined in section
11.7.4, no assessment of the number of animals, magnitude, sensitivity, or significance of effect
has been undertaken because there are no thresholds to determine a biologically significant effect
from TTS-onset.

11.9.1.53 For harbour porpoises, the maximum instantaneous TTS-onset impact range was 1,600 m (1.6
km) for the installation of a 11 m monopile at the C WTG location (Table 11.26). Using the
cumulative TTS-onset thresholds, the maximum impact range for harbour porpoise was 35,000
m (35 km) for the installation of a 11 m monopile at the C WTG location (Table 11.26).

11.9.1.54 For dolphin species, the maximum instantaneous TTS-onset impact range was <50 m at all piling
locations (Table 11.26). Using the cumulative TTS-onset thresholds, the maximum impact range
for dolphin species was <50 m at all piling locations (Table 11.26).

11.9.1.55 For minke whale, the maximum instantaneous TTS-onset impact range was 140 m for the
installation of a 11 m monopile at the C WTG location (Table 11.26). Using the cumulative TTS-
onset thresholds, the maximum impact range for minke whale was 60,000 m (60 km) for the
installation of a 11 m monopile at the C WTG location (Table 11.26).

11.9.1.56 For seals, the maximum instantaneous TTS-onset impact range was 160 m for the installation of
a 11 m monopile at the C WTG location (Table 11.26). Using the cumulative TTS-onset
thresholds, the maximum impact range for seals was 16,000 m (16 km) for the installation of a 11
m monopile at the C and SW WTG location (Table 11.26).
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BEHAVIOURAL DISTURBANCE: RAMP-UP MITIGATION SCENARIO

11.9.1.57The number of each marine mammal species predicted to experience behavioural disturbance
as a result of pile driving is presented in Table 11.27 and Table 11.28 and assessed as the
proportion of the respective reference population (as presented in Table 11.7). For dolphin
species and minke whale, numbers of animals predicted to experience behavioural disturbance
have been calculated using both the dose-response method (Graham et al., 2017b) (see Table
11.27) and Level B harassment thresholds (NMFS, 2005) (see Table 11.28). The predictions for
the N WTG, C WTG, SW WTG, N-OSP, and S-OSP modelling locations are presented separately.
Disturbance from concurrent piling has not been assessed as piling is limited to one installation
per day for Project Design Option 1 (see Table 11.9). A precautionary approach has been taken
in this impact assessment by using the higher value density estimate where multiple estimates
were available.

11.9.1.58 iPCoD modelling was conducted to determine whether the level of disturbance is expected to
result in population level impacts. The results of the iPCoD modelling show that there is no
significant effect of disturbance resulting from pile driving at the Proposed Development to
harbour porpoise, bottlenose dolphin, minke whale, grey seal, and harbour seal. Furthermore, for
minke whale, grey seal, and harbour seal, impacted population is predicted to continue at a stable
trajectory at exactly the same size as the un-impacted population. For further information see
Volume III, Appendix 11.3: Phase 1 Irish Offshore Windfarms: Cumulative iPCoD Modelling.
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Table 11.27: Predicted impact of disturbance to marine mammals from pile driving at WTG and OSP location s using dose -response  curves  based on 
the ramp -up mitigation  scenario ; # = number of animals disturbed; % = the percentage of the reference population 2 

Species Density Impact Piling location 

N-WTG C-WTG SW-WTG N-OSP S-OSP 

Harbour porpoise 0.38 # 1,456 1,908 1,753 1,270 1,109 

% 2.33 3.05 2.80 2.03 1.77 

0.2803 # 1,074 1,408 1,293 937 818 

% 1.72 2.25 2.07 1.50 1.31 

Grid-cell specific # 447 586 538 390 340 

% 0.72 0.94 0.86 0.62 0.54 

Bottlenose dolphin3 0.0201 # 78 101 93 68 59 

% 26.62 34.47 31.74 23.21 20.14 

0.2352 # 902 1,181 1,085 786 687 

% 307.85 403.07 370.31 268.26 234.47 

 

 
3 The variation in the number of bottlenose dolphins predicted to be disturbed by pile driving reflects differences in the spatial scales and survey methodologies used to derive density estimates. The 
variation of these methodologies, and their implications for the assessment, are outlined in paragraphs 11.9.1.64 to 11.9.1.72. 
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Table 11.27: Predicted impact of disturbance to marine mammals from pile driving at WTG and OSP locations using dose-response curves based on
the ramp-up mitigation scenario; # = number of animals disturbed; % = the percentage of the reference population2

Species Density Impact Piling location

N-WTG C-WTG SW-WTG N-OSP S-OSP

Harbour porpoise 0.38 # 1,456 1,908 1,753 1,270 1,109

% 2.33 3.05 2.80 2.03 1.77

0.2803 # 1,074 1,408 1,293 937 818

% 1.72 2.25 2.07 1.50 1.31

Grid-cell specific # 447 586 538 390 340

% 0.72 0.94 0.86 0.62 0.54

Bottlenose dolphin3 0.0201 # 78 101 93 68 59

% 26.62 34.47 31.74 23.21 20.14

0.2352 # 902 1,181 1,085 786 687

% 307.85 403.07 370.31 268.26 234.47

3 The variation in the number of bottlenose dolphins predicted to be disturbed by pile driving reflects differences in the spatial scales and survey methodologies used to derive density estimates. The
variation of these methodologies, and their implications for the assessment, are outlined in paragraphs 11.9.1.64 to 11.9.1.72.
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Species Density Impact Piling location 

N-WTG C-WTG SW-WTG N-OSP S-OSP 

0.017 # 66 86 79 57 50 

% 0.33 0.43 0.39 0.28 0.25 

Grid-cell specific # 18 23 22 16 14 

% 0.09 0.11 0.11 0.08 0.07 

Grey seal 0.08 # 89 132 118 76 65 

% 5.35 7.94 7.10 4.57 3.91 

Harbour seal 0.0003 # 1 1 1 1 1 

% 0.55 0.55 0.55 0.55 0.55 
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Species Density Impact Piling location

N-WTG C-WTG SW-WTG N-OSP S-OSP

0.017 # 66 86 79 57 50

% 0.33 0.43 0.39 0.28 0.25

Grid-cell specific # 18 23 22 16 14

% 0.09 0.11 0.11 0.08 0.07

Grey seal 0.08 # 89 132 118 76 65

% 5.35 7.94 7.10 4.57 3.91

Harbour seal 0.0003 # 1 1 1 1 1

% 0.55 0.55 0.55 0.55 0.55

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 90





 

 

 

 

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 92 

Species Density Impact Piling location 

N-WTG C-WTG SW-WTG N-OSP S-OSP 

% 0.17 0.25 0.25 0.15 0.13 

0.017 # 13 19 19 12 10 

% 0.06 0.09 0.09 0.06 0.05 

Grid-cell specific # 4 6 6 3 3 

% 0.02 0.03 0.03 0.01 0.01 
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Species Density Impact Piling location
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HARBOUR PORPOISE

11.9.1.59 Using the site-specific density estimate of 0.38 animals/km2 from the DAS, it was estimated that
a maximum of 1,908 animals (3.05% of the reference population) will experience behavioural
disturbance as a result of pile driving of the 11 m monopile at the C WTG location (Table 11.27).
This is considered to be highly conservative because it assumes that the density within the site-
specific Marine Mammal Study Area is the same across the wider extent of the Irish Sea of which
the noise contours extend across. As a result, alternative estimates have also been presented.

11.9.1.60 Using the uniform density estimate of 0.2803 animals/km2 from the wider SCANS-IV surveys, it
was estimated that a maximum of 1,408 animals (2.25% of the reference population) will
experience behavioural disturbance as a result of pile driving of the 11 m monopile at the C WTG
location (Table 11.27). While this is considered to be a more realistic estimate of density across
the wider disturbance area compared to the estimated density from the site-specific DAS, it
assumes a uniform density of animals across the Irish Sea which is not realistic.

11.9.1.61 In order to account for the non-uniform density of harbour porpoise across the Irish Sea, the
number of animals disturbed was also presented using the modelled density surfaces derived
from SCANS-IV. Using this approach, it was estimated that a maximum of 586 animals (0.94%
of the reference population) will experience behavioural disturbance as a result of pile driving at
the C WTG location (Table 11.27).

11.9.1.62At its furthest point from the source, the 120 SELss dB re 1pPa2
s disturbance contour reaches the

Welsh coastline, extending northwards to approximately 68 km north of the north coast of Wales,
and southwards to approximately 87 km south of the south coast of Wales (Figure 11.4). This
suggests that behavioural response from harbour porpoise may not be localised and could extend
across the Irish Sea, although extremely low numbers (21 animals from pile driving of the 11 m
monopile at the C WTG location) of harbour porpoise are expected to respond at this received
level.

11.9.1.63The impact on harbour porpoises is considered to result in a small proportion of the population
affected with change expected to be recoverable, occur relatively frequently throughout the
construction phase, is reasonably expected to occur, and have intermittent and temporary
consequences but is very unlikely to affect the population trajectory. Therefore, the magnitude of
impact is assessed as Low adverse for harbour porpoises.

BOTTLENOSE DOLPHIN

11.9.1.64 Using the uniform density estimate of 0.0201 animals/km2 from the ObSERVE surveys, it was
estimated that a maximum of 101 animals (34.47% of the reference population) will experience
behavioural disturbance as a result of pile driving of the 11 m monopile at the C WTG location
(Table 11.27). This is considered to be conservative because it assumes that the density within
stratum 5 (western Irish Sea) is the same across the wider extent of the Irish Sea of which the
noise contours extend across.

11.9.1.65 Using the uniform density estimate of 0.2352 animals/km2 from the wider SCANS-IV surveys, it
was estimated that a maximum of 1,181 animals (403.07% of the reference population) will
experience behavioural disturbance as a result of pile driving of the 11 m monopile at the C WTG
location (Table 11.27). This is not considered to be realistic as it assumes a uniform density and
does not capture the variability in coastal and offshore population densities and distributions
within the Irish Sea.

11.9.1.66 In order to account for the non-uniform density of bottlenose dolphin across the Irish Sea,
modelled density surfaces derived from SCANS-IV were also used to calculate the number of
animals disturbed. Using this approach, it was estimated that a maximum of 995 animals
(339.59% of the reference population) will experience behavioural disturbance as a result of pile
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driving of the 11 m monopile at the C WTG location (Table 11.27). Both of these approaches are
over-predicting the number of animals available in the area that could be disturbed by pile driving
as the number of animals calculated exceeds the reference population size of 293. Therefore,
these calculations are not considered to be robust.

11.9.1,67The noise contours extend to cover the majority of the Irish Sea MU (Figure 11.4 ), which is used
as the reference population for bottlenose dolphin (Table 11.27). Therefore, it is anticipated that
the majority of the reference population of 293 dolphins will be within the disturbance contours.

11.9.1.68 However, the number and proportion of bottlenose dolphin disturbed during pile driving was
calculated using the dose-response curve for harbour porpoise from Graham et al. (2017b), as
there is no corresponding species-specific data available for bottlenose dolphin. However, studies
suggest that bottlenose dolphins are typically less sensitive to behavioural disturbance than
harbour porpoise (Culloch et al., 2016; Kastelein ef al., 2006; Stone ef al., 2017). Therefore, it is
expected that the probability of response to underwater noise from pile driving would be lower.

11.9.1.69To demonstrate this, the number and proportion of bottlenose dolphin disturbed during pile diving
have also been calculated using the Level B harassment threshold and presented in Table 11.28.
When comparing these numbers against those calculated using the dose-response curve, they
are considerably lower, for example, a maximum of 259 animals are estimated to experience
behavioural disturbance as a result of pile driving of the 11 m monopile at the C and SW WTG
location and using the uniform density estimate of 0.2352 animals/km2 from the wider SCANS-IV
surveys (Table 11.28) compared to 1,181 animals estimated at the C WTG location using the
dose-response curve (Table 11.27). This suggests that the dose-response method results in a
very conservative calculation of the number and proportion of bottlenose dolphins disturbed.

11.9.1.70 Furthermore, the reference population does not take into account the connectivity of the reference
population with other areas. Studies have shown large scale movement of bottlenose dolphins
around Ireland and indicated connectivity with the population on the west coast of Ireland (O’Brien
et al., 2010). Long distance movements from the Atlantic to the North Sea between populations
in the UK and Ireland have also been reported by Robinson et al. (2012). Therefore, the size of
the reference population used from the Irish Sea MU is likely to be an under-representation of the
number of bottlenose dolphins that may be present in the MU Study Area. Equally, the most
recent abundance estimates from the semi-resident population at Cardigan Bay in West Wales
(which is within the Irish Sea MU) alone were 232 individuals (95% Cl: 119 to 451; Cuthbertson
et al., 2025). The design of broad scale surveys, such as SCANS, used to derive MU population
estimates are not able to capture localised, coastal populations such as that of Cardigan Bay,
providing further evidence to suggest that the reference population size has been under-
estimated.

11.9.1.71 Furthermore, it is important to highlight the significant difference between the SCANS-III and
SCANS-IV abundance estimates of bottlenose dolphins in the Irish Sea. The SCANS-IV
abundance estimate for the Irish Sea (blocks CS-D and CS-E) is 8,326 animals (Gilles et al.,
2023) whereas the MU population is derived from the lower SCANS-III abundance estimates,
resulting in a population size of 293 (IAMMWG, 2023). As a result, the number of animals
predicted to be disturbed using the density estimate from SCANS-IV is not comparable with the
MU population size, resulting in a highly unrealistic proportion of the MU population estimated as
impacted given that the population size is under-estimated. If the population size is taken to be
8,326 animals, the percentage of the population predicted to be disturbed reduces to 14.19%,
when assuming 1,181 animals are disturbed using the dose-response curve, and 3.11% when
using the Level B harassment threshold.

11.9.1.72The impact on bottlenose dolphins is considered to result in a temporary change to most
individuals, occur relatively frequently throughout the construction phase, is reasonably expected
to occur, and have intermittent and temporary consequences but is unlikely to have long-term
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Sea, modelled density surfaces derived from SCANS-IV (Table 11.28) compared to 297 animals
estimated using the dose-response curve (Table 11.27). This suggests that the dose-response
method results in a very conservative calculation of the number and proportion of common
dolphins disturbed.

11.9.1.79The impact on common dolphins is considered to result in a very small proportion of the
population affected with change expected to be recoverable, occur relatively frequently
throughout the construction phase, is reasonably expected to occur, and have intermittent and
temporary consequences but is very unlikely to affect the population trajectory. Therefore, the
magnitude of impact is assessed as Low adverse for common dolphins.

MINKE WHALE

11.9.1.80 Using the uniform density estimate of 0.045 animals/km2 from the ObSERVE surveys, it was
estimated that a maximum of 226 animals (1.12% of the reference population) will experience
behavioural disturbance as a result of pile driving of the 11 m monopile at the C WTG location
(Table 11.27).

11.9.1.81 Using the wider SCANS-III density estimate of 0.017 animals/km2, it was estimated that a
maximum of 86 animals (0.43% of the reference population) will experience behavioural
disturbance as a result of pile driving of the 11 m monopile at the C WTG location (Table 11.27).

11.9.1.82 In order to account for the non-uniform density of minke whale across the Irish Sea, modelled
density surfaces derived from SCANS-IV were also used to calculate the number of animals
disturbed. Using this approach, it was estimated that a maximum of 23 animals (0.11% of the
reference population) will experience behavioural disturbance as a result of pile driving of the 11
m monopile at the C WTG location (Table 11.27).

11.9.1.83 Limited information on the response of minke whale to behavioural disturbance to pile driving is
available. Therefore, the number and proportion of minke whale disturbed was calculated using
the dose-response curve for harbour porpoise from Graham et al. (2017b; Figure 11.4) and is
therefore likely to be an over-estimate (section 11.9). Due to the lack of species-specific data to
apply to the dose-response curve for minke whale, the number and proportion of minke whale
disturbed during piling was also calculated using the Level B harassment threshold and presented
in Table 11.28. When comparing these numbers against those calculated using the dose-
response curve, they are considerably lower, with a maximum of 50 animals are estimated to
experience behavioural disturbance as a result of pile driving of the 11 m monopile at the C and
SW WTG location and using the uniform density estimate of 0.045 animals/km2 (Table 11.28)
compared to 226 animals estimated at the C WTG location using the dose-response curve (Table
11.27). This suggests that the dose-response method results in a very conservative calculation
of the number and proportion of minke whales disturbed.

11.9.1.84 It is also important to note that minke whales are expected to be mostly if not entirely absent in
autumn and winter, and therefore any pile driving that occurs within these months is expected to
have negligible impact on minke whales.

11.9.1.85The impact on minke whale is considered to result in a small proportion of the population affected
with change expected to be recoverable, occur relatively frequently throughout the construction
phase, is reasonably expected to occur, and have intermittent and temporary consequences but
is very unlikely to affect the population trajectory and is only applicable to spring and summer
months due to the seasonal presence of minke whales. Therefore, the magnitude of impact is
assessed as Low adverse for minke whale.
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GREY SEAL

11.9.1.86 Using the averaged grid-cell specific densities derived from Carter et al. (2020), it was estimated
that a maximum of 132 animals (7.94% of the reference population) will experience behavioural
disturbance as a result of pile driving of the 11 m monopile at the C WTG location (Table 11.27).

11.9.1.87The impact on grey seal is considered to result in a small to medium proportion of the population
affected with change expected to be recoverable, occur frequently throughout the construction
phase, is reasonably expected to occur, and have intermittent and temporary consequences but
is very unlikely to affect the population trajectory. Therefore, the magnitude of impact is assessed
as Low to Medium adverse for grey seal.

HARBOUR SEAL

11.9.1.88 Using the averaged grid-cell specific densities derived from Carter et al. (2020), it was estimated
that a maximum of 1 animal (0.55% of the reference population) will experience behavioural
disturbance as a result of pile driving in any location (Table 11.27).

11.9.1.89The impact on harbour seal is considered to result in a very small number and proportion of the
population affected with change expected to be recoverable, occur frequently throughout the
construction phase, is reasonably expected to occur, and have intermittent and temporary
consequences but is very unlikely to affect the population trajectory. Therefore, the magnitude of
impact is assessed as Low adverse for harbour seal.
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Figure 11.4: Behavioural disturbance dose-response contours (ramp -up mitigation scenario ) for the installation of an 1 1 m monopile at the C WTG location
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mitigation scenario, and as such, a maximum of one animal experiencing auditory injury (<0.01%
of the reference population) for all dolphin species (Table 11.29 to Table 11.33). However, as the
Developer has committed to additional mitigation in combination with the extended ramp-up
mitigation scenario (see Volume III, Appendix25.2: Marine Mammal Mitigation Plan (Revised
March 2026)), the predicted injury range of >50 m is within the Rsafe distance of 1,000 m.
Therefore, the extended ramp-up mitigation approach and implemented mitigation measures will
provide effective mitigation of this distance. Hence, it is considered to result in complete
displacement of animals from the impact range leading to no animals experiencing auditory injury.

11.9.1.108 For minke whale, the maximum instantaneous PTS-onset impact range was 60 m for the
installation of a 11 m monopile at the C WTG location under the extended ramp-up mitigation
scenario (Table 11.30). This equates to a maximum of one animal experiencing auditory injury
(<0.01% of the reference population) using both the Rogan et al. (2018) and Hammond et al.
(2021) density estimates. Using the cumulative PTS-onset thresholds, the maximum impact
range was 870 m for the installation of a 11 m monopile at the C WTG location under the extended
ramp-up mitigation scenario (Table 11.30). This equates to a maximum of one animal
experiencing auditory injury (<0.01% of the reference population) for both density estimates.
However, as the Developer has committed to additional mitigation in combination with the
extended ramp-up mitigation scenario (see Volume III, Appendix 25.2: Marine Mammal Mitigation
Plan (Revised March 2026)), the predicted injury range of 60 m is within the Rsafe distance of
1,000 m. Therefore, the extended ramp-up mitigation approach and implemented mitigation
measures will provide effective mitigation of this distance. Hence, it is considered to result in
complete displacement of animals from the impact range leading to no animals experiencing
auditory injury.

11.9.1.109 For seals, the maximum instantaneous PTS-onset impact range was 70 m for the
installation of a 11 m monopile at the C WTG location under the extended ramp-up mitigation
scenario (Table 11.30). This equates to a maximum of one animal experiencing auditory injury
(<0.01% of the reference population). Using the cumulative PTS-onset thresholds, the maximum
impact range was <50 m at all piling locations under the extended ramp-up mitigation scenario.
This equates to a maximum of one animal experiencing auditory injury (<0.01% of the reference
population). However, as the Developer has committed to additional mitigation in combination
with the extended ramp-up mitigation scenario (see Volume III, Appendix 25.2: Marine Mammal
Mitigation Plan (Revised March 2026)), the predicted injury range of 70 m is within the Rsafe
distance of 1,000 m. Therefore, the extended ramp-up mitigation approach and implemented
mitigation measures will provide effective mitigation of this distance. Hence, it is considered to
result in complete displacement of animals from the impact range leading to no animals
experiencing auditory injury.
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TTS: EXTENDED RAMP-UP MITIGATION SCENARIO

11.9.1.110 For harbour porpoise, the maximum instantaneous TTS-onset impact range was 1,600 m
(1.6 km) for the installation of a 11 m monopile at the C WTG location under the extended ramp-
up mitigation scenario (Table 11.34). Using the cumulative TTS-onset thresholds, the maximum
impact range for harbour porpoise was 30,000 m (30 km) for the installation of a 11 m monopile
at the C WTG location under the extended ramp-up mitigation scenario (Table 11.34).

11.9.1.111 For dolphin species, the maximum instantaneous TTS-onset impact range was <50 m at
all piling locations under the extended ramp-up mitigation scenario (Table 11.34). Using the
cumulative TTS-onset thresholds, the maximum impact range for dolphin species was <50 m at
all piling locations under the extended ramp-up mitigation scenario (Table 11.34).

11.9.1.112 For minke whale, the maximum instantaneous TTS-onset impact range was 140 m for the
installation of a 11 m monopile at the C WTG location under the extended ramp-up mitigation
scenario (Table 11.34). Using the cumulative TTS-onset thresholds, the maximum impact range
for minke whale was 51,000 m (51 km) for the installation of a 11 m monopile at the C WTG
location under the extended ramp-up mitigation scenario (Table 11.34).

11.9.1.113 For seals, the maximum instantaneous TTS-onset impact range was 160 m for the
installation of a 11 m monopile at the C WTG location under the extended ramp-up mitigation
scenario (Table 11.34). Using the cumulative TTS-onset thresholds, the maximum impact range
for seals was 12,000 m (12 km) for the installation of a 11 m monopile at the C and SW WTG
location under the extended ramp-up mitigation scenario (Table 11.34).

11.9.1.114 As outlined in paragraph 11.7.4.17, no assessment of the number of animals, magnitude,
sensitivity, or significance of effect is given because there are no thresholds to determine a
biologically significant effect from TTS-onset.
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significant bruising, oedema, internal bleeding radiating from a specific impact site, fractures and
ship paint marks (Jensen and Silber, 2003; Douglas ef a/., 2008). Fatalities from ship strikes,
however, often go unreported (Authier et al., 2014). For non-fatal injuries, evidence of animals
which have survived ship strikes with non-fatal injuries from propellers has been widely
documented (Wells et al., 2008; Luksenburg, 2014).

11.9.2.5 Although many species of marine mammals are able to detect and avoid vessels, it is unclear
why some individuals do not always move out of the path of an approaching vessel (Schoeman
et al., 2020), although it has been suggested that behaviours such as resting, foraging, nursing,
and socialising could distract animals from detecting the risk posed by vessels (Dukas, 2002). It
is also possible that animals do not hear vessels when they are near the surface. Collisions
between cetaceans and vessels, however, are not necessarily lethal on all occasions (Wells ef
al., 2008; Luksenburg, 2014).

11.9.2.6 Harbour porpoises, dolphins, and seals are relatively small and highly mobile, and given observed
responses to noise, are expected to detect vessels in close proximity and largely avoid collision.
For example, several studies have shown that harbour porpoise typically avoid vessels
(Benhemma-Le Gall et al., 2021; Benhemma-Le Gall et al., 2023; Brandt eta/., 2018; Heinanen
and Skov, 2015).

11.9.2.7 The risk of collision between marine mammals and vessels is directly influenced by the type of
vessel and the speed with which it is travelling (Laist etal., 2001), and indirectly by ambient noise
levels underwater and the behaviour the marine mammal is engaged in. There is currently a lack
of information on the frequency of occurrence of vessel collisions with marine mammals in Irish
waters, and there is little evidence from marine mammals stranded in the Irish Sea to suggest
that injury from vessel collisions is a significant cause of marine mammal mortality. In the UK, the
Cetacean Strandings Investigation Programme (CSIP) documents the annual number of reported
strandings and the cause of death for those individuals examined at post-mortem. According to
the most recent CSIP report, post-mortems were conducted on 69 out of the 532 reported harbour
porpoise strandings in 2018. A cause of death was established in 60 examined individuals and,
of these, one individual died from physical trauma due to vessel strike and two individuals had
died from physical trauma of an unknown cause, which could have been due to vessel strike
(CSIP, 2019). For bottlenose dolphin, post-mortems were conducted on one out of the nine
reported strandings in 2018; the cause of death was not associated with vessel collision (CSIP,
2019). For Risso’s dolphin, post-mortems were conducted on two out of the 15 reported
strandings in 2018; the cause of death was not associated with vessel collision (CSIP, 2019). For
common dolphin, post-mortems were conducted on 45 out of the 191 reported strandings in 2018
and a cause of death was established for 43 individuals. Of these, two individuals had died from
physical trauma of an unknown cause, which could have been due to vessel strike (CSIP, 2019).
For minke whale, post-mortems were conducted on three out of the 28 reported strandings in
2018. Of these, one individual had died due to vessel strike (CSIP, 2019). Overall, the CSIP data
shows that very few strandings have been attributed to vessel collisions, therefore, while there is
evidence that mortality from vessel collisions can and does occur, it is not considered to be a
significant cause of mortality in Rol and UK waters.

11.9.2.8 Collision risk for seals is less understood than for cetaceans, however trauma ascribed to
collisions with vessels has been identified in a small proportion of both live stranded (Goldstein
ef al., 1999) and dead stranded seals in the US (Swails, 2005). In these cases, however, less
than 2% of all dead necropsied seals had vessel collision attributed to cause of death. A study in
the Moray Firth showed that seals use the same areas as vessels during trips between haul-outs
and foraging sites but that seals tended to remain beyond 20 m from vessels (only three instances
over 2,241 days of seal activity resulted in passes at less than 20 m) (Onoufriou et al., 2016),
suggesting that the possibility of a risk of collision is very low.
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11.9.2.9 Overall, these studies suggest that there is a high likelihood that marine mammals will avoid
vessels and therefore, collision, suggesting a low vulnerability. It is important to note that not all
collisions that do occur are lethal, and there is a potential for recovery from injury. Furthermore,
vessel collision is not considered to be a significant cause of marine mammal mortality (CSIP,
2019), but does have the potential to kill animals. As a result, all marine mammal species within
this assessment are considered to be of reasonable adaptability, limited to no tolerance, have
medium-term to no recoverability, and are of high value. Therefore, all marine mammal species
in this assessment are assessed as having a High sensitivity to injury from vessel activities.

DISTURBANCE FROM VESSEL ACTIVITIES

HARBOUR PORPOISE

11.9.2.10Harbour porpoises are particularly sensitive to high frequency noise and it is well documented
that they typically avoid vessels (Culloch etal., 2016; Benhemma-Le Gall etal., 2021). During the
construction of Beatrice and Moray East offshore windfarms in the Moray Firth, harbour porpoise
occurrence decreased with increasing vessel presence, with the magnitude of decrease
depending on the distance to the vessel (Benhemma-Le Gall et al., 2021). As such, the probability
of harbour porpoise occurrence at a mean vessel distance of 2 km decreased by up to 95% to
0.02 for the highest vessel intensity (Benhemma-Le Gall et al., 2021). At a mean vessel distance
of 3 km, the probability decreased by up to 57% to 0.16 for the highest vessel intensity, and no
apparent response was observed at 4 km (Benhemma-Le Gall et al., 2021).

11.9.2.11 Additional studies conducted during offshore windfarm construction demonstrated that harbour
porpoise detections in the vicinity of the pile driving location decline prior to a piling event
(Benhemma-Le Gall et al. 2021; Benhemma-Le Gall et al., 2023; Brandt et al., 2018). For
example, during a study conducted at seven offshore windfarms in the German Bight, a decline
in harbour porpoise detections was observed within 2 km of the construction site and continued
to be reduced for one to two days after (Brandt et al., 2018). This was attributed to the increased
vessel activity and traffic associated with construction-related activities (Brandt et al., 2018).

11.9.2.12 In a large-scale study of harbour porpoise density in UK waters, increased vessel activity was
generally associated with lower harbour porpoise densities (Heinanen and Skov, 2015).
Furthermore, Wisniewska et al., (2018) collected telemetry data to study the change in foraging
rates of harbour porpoise in response to vessel noise in highly trafficked coastal waters in the
inner Danish waters and Belt seas. The results show that occasional high-noise levels coincided
with vigorous fluking, bottom diving, interrupted foraging and even cessation of echolocation,
leading to significantly fewer prey capture attempts at received levels greater than 96 dB re 1 pPa
(16 kHz third-octave) (Wisniewska et al., 2018).

11.9.2.13 Land-based surveys were conducted to examine the surfacing behaviour of harbour porpoise in
relation to vessel traffic in Swansea Bay (Oakley et al., 2017). The study found a significant
correlation between harbour porpoise sightings and the number of vessels present, with 26% of
interactions observed considered to be negative (animals moving away or prolonged diving) when
vessels were up to 1 km away (Oakley et al., 2017). The proximity of the vessel was found to be
an important factor, with the greatest response occurring at 200 m from the vessel (Oakley et al.,
2017). Smaller motorised vessels (jet ski, speed boat, small fishing vessels) were associated with
more negative behaviours than large cargo ships, although larger ships were less common in the
area (Oakley etal., 2017).

11.9.2.14Behavioural responses of harbour porpoises to vessel noise have also been observed in more
controlled conditions. For example, behavioural responses of four harbour porpoise in a semi-
natural net pen were observed during exposure to low levels of medium to high frequency vessel
noise (Dyndo et al., 2015). ‘Porpoising’ (a stereotypical disturbance behaviour) was observed
during 27.5% of recordings of boat noise (Dyndo etal., 2015).
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11.9.2.15These studies discussed above evidence some changes in harbour porpoise behaviour and
presence as a result of disturbance from vessel activity. Behavioural responses include increased
fluking, interrupted foraging, change to vocalisations, prolonged dives and directed movement
away from the sound source (Oakley et al., 2017; Wisniewska ef al., 2018). Several studies have
also evidenced an increase in vessel presence correlates with a decrease in harbour porpoise
presence (Benhemma-Le Gall et al., 2021; Benhemma-Le Gall et al., 2023; Brandt et al., 2018).
However, harbour porpoises occur widely throughout the Irish Sea (Berrow ef al., 2010; Rogan
ef al., 2018a; Wall ef al., 2013) and therefore it is assumed (since they have a requirement to
feed regularly) that there is suitable foraging habitat across their range. Therefore, relatively short-
term localised disturbance within the vicinity of the Proposed Development is unlikely to lead to
any population-level effects on harbour porpoise. As a result, harbour porpoises are considered
to be of reasonable adaptability, limited tolerance, have high recoverability, and are of high value.
Therefore, harbour porpoises are assessed as having a Low sensitivity to behavioural
disturbance from vessel activities.

BOTTLENOSE DOLPHIN

11.9.2.16Studies on the interactions of bottlenose dolphins with vessels have shown various responses.
In the Moray Firth, a passive acoustic monitoring study showed that the presence of vessels
resulted in a short-term reduction in foraging activity by 49%, with animals resuming foraging after
the vessel had travelled through the area, suggesting that disturbance was limited to the time the
vessel was physically present (Pirotta ef al., 2015). As a result, the study concluded that the
physical presence of vessels plays a larger role in disturbance, as vessel noise was not taken
into consideration (Pirotta et al., 2015).

11.9.2.17 In a modelling study by Lusseau et al. (2011), it was predicted that increased vessels movements
associated with offshore wind development in the Moray Firth did not have a negative effect on
the local population of bottlenose dolphins, although it did note that foraging may be disrupted by
disturbance from vessels. Mathematical modelling was also conducted by New et al. (2013) to
simulate the complex interactions of the bottlenose dolphin population in the Moray Firth and
determine whether an increased rate of disturbance from vessel traffic from proposed offshore
developments was biologically significant. The study statistically modelled an increase in vessel
traffic from 70 to 470 vessels per year and found that an increase in commercial vessel traffic
alone will not result in a biologically significant increase in disturbance, because dolphins have
the ability to compensate for their immediate behavioural response. Therefore, their health and
vital rates were predicted to be unaffected (New et al., 2013).

11.9.2.18 Bottlenose dolphins have also been observed tolerating vessel disturbance, particularly in areas
where vessel traffic has always been high (Pirotta et al. 2013). Similarly, the presence of
bottlenose dolphin was positively correlated with overall vessel number during the construction
works of an oil pipeline in Broadhaven Bay, northwest Ireland (Anderwald et al., 2013). However,
it was unclear whether the bottlenose dolphins were attracted to the vessels themselves or to
particularly high prey concentrations within the study area at the time (Anderwald et al., 2013).

11.9.2.19A study of Indo-Pacific bottlenose dolphin habitat occupancy along the coast of Western Australia
found dolphin density to be negatively affected by vessels at one site, but no significant impact at
the other (Marley et al., 2017a). It is hypothesised that the quality of the habitat impacts the
behavioural response to disturbance as the latter habitat is a known foraging area. Other studies
along the coast of Western Australia have found that increased vessel presence was associated
with significantly increased swim speeds for individuals when resting or socialising (Marley ef al.,
2017b). Animals exposed to high levels of shipping traffic were also found to spend more time
travelling and less time resting or socialising. The study also found that the whistle characteristics
changed with increased broadband exposure, with the greatest variation occurring in the
presence of low frequency noise (Marley et al., 2017b). Other studies have reported similar
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2015). Once disrupted, dolphins took at least twice as long to return to foraging when compared
to control conditions (vessels >300 m away from dolphins) (Meissner eta/., 2015). The study also
found that the probability of common dolphins starting to forage while engaged in travelling in the
presence of cetacean watching vessels decreased by two thirds (Meissner et al., 2015). Common
dolphin foraging tactics include cooperative herding of prey (Neumann and Grams, 2003),
therefore it is possible that the behavioural changes of some individuals within a group, as a result
of approaching vessels, could compromise the success of the overall foraging event (Meissner
etal.,  2015).

11.9.2.26As limited information exists on the behavioural response of common dolphins to construction-
related vessels, studies on the impact of cetacean watching vessels on common dolphin
behaviour have also been presented as a proxy to inform this assessment. However, it is
important to note that disturbance effects from cetacean watching vessels are direct, whilst those
from construction, O&M, and decommissioning vessels would be indirect as interactions are
unlikely to be deliberate or targeted to dolphin groups. As a result, common dolphins are
considered to be of reasonable adaptability, reasonable tolerance, have high recoverability, and
are of high value. Therefore, common dolphins are assessed as having a Low sensitivity to
behavioural disturbance from vessel activities.

MINKE WHALE

11.9.2.27 Limited information is available on the behavioural responses of minke whales to vessel
disturbance. A study into the response of minke whales to construction-related vessel traffic in
Broadhaven Bay, northwest Ireland found a significant negative correlation between the presence
of minke whale and both the number of overall vessels and the number of utility vessels (those
emitting lower frequency noise but moving around more than construction vessels), suggesting
that minke whale were displaced from the area, most likely due to vessel presence and/or
disturbance (Anderwald et al., 2013).

11.9.2.28 A study by Christiansen et al. (2013) showed that minke whales change their diving patterns and
behaviour in response to disturbance from whale watching vessels. Analysis of respiration rates
found that energy expenditure of minke whales was 28% higher during vessel interactions
(regardless of swim speed) and swim speed was found to increase with vessel presence
(Christiansen et al., 2013). These combined physiological and behavioural changes are
considered to represent a stress response. The study also suggested that a reduction in foraging
activity at feeding grounds could result in reduced reproductive success (Christiansen et al.,
2013). It is important to note that noise levels were not measured in this study, therefore
behavioural responses are considered to be related to vessel presence.

11.9.2.29 Christiansen et al. (2015) considered the spatial and temporal rates of minke whale exposure of
the entire whale watching season and found no potential for a population-level effect as a result
of disturbance.

11.9.2.30The bioenergetic effects of disturbance from whale watching vessels on foetal growth were
examined by Christiansen and Lusseau (2015) using a mechanistic model and found that the
presence of whale watching vessels resulted in an immediate reduction in net energy intake by
63.5%. However, the impact of disturbance was negligible because it was considered below the
threshold value for which whale watching vessels would have a significant impact on foetal
growth, as the number of interactions with vessels was low during the foraging season
(Christiansen and Lusseau, 2015).

11.9.2.31 It is expected that minke whales are more sensitive to low frequency sounds (Nowacek et al.,
2007) such as those produced by slow moving vessels, although limited information exists on the
behavioural response of minke whales to construction-related vessels. Studies on the impact of
whale watching vessels on minke whale behaviour have therefore been presented as a proxy to
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inform this assessment, although it is important to note that disturbance effects from whale
watching vessels are direct, whilst those from construction and O&M vessels would be indirect.
As a result, minke whales are considered to be of reasonable adaptability, reasonable tolerance,
have high recoverability, and are of high value. Therefore, minke whale are assessed as having
a Low sensitivity to behavioural disturbance from vessel activities.

GREY SEAL

11.9.2.32 Seals are particularly sensitive to disturbance in regions where vessel traffic overlaps with
productive coastal waters (Robards et al., 2016). Vessel disturbance may be particularly
detrimental to grey seal if it changes their haul-out patterns or reduces the time they are able to
spend resting or nursing pups during the breeding season. When disturbed, seals that are hauled-
out typically ‘flush’ (enter) into the water which could be detrimental during pupping season
(Terhune and Almon, 1983; Johnson and Acevedo-Gutierrez, 2007). Key haul-outs for grey seal
in proximity to the Proposed Development are at Arklow, co. Wicklow, along the coast of co.
Dublin, and around Wexford Harbour (Duck and Morris, 2013; Morris and Duck, 2019).

11.9.2.33 Britton (2012) recorded a significant correlation between boat speed and the distance at which
hauled-out grey seals on the Isle of Man showed alert behaviour. A similar association was also
observed between boat speed and movement and flushing response (entering the water)
although this was not tested. The duration of the boat interaction was, however, found to be
important, with flushing occurring in all vessel interactions lasting four minutes or longer (Britton,
2012).

11.9.2.34 A study of grey seal pup tracks in the Celtic Sea and adult grey seals in the English Channel
found that no animals were exposed to cumulative shipping noise that exceeded thresholds for
TTS (using the Southall et al. (2019) thresholds (Trigg et al., 2020).A study of vessel traffic and
marine mammal presence at Broadhaven Bay, northwest Ireland found grey seals sightings
decreased with increased vessel activity in the surrounding area, though the effect size was small,
and the relationships between sightings and vessel numbers were weaker than those with
environmental variables such as sea state (Anderwald et al., 2013).

11.9.2.35 Grey seals are considered to be of reasonable adaptability, reasonable tolerance, have high
recoverability, and are of high value. Therefore, grey seals are assessed as having a Low
sensitivity to behavioural disturbance from vessel activities.

HARBOUR SEAL

11,9.2.36Seals are particularly sensitive to disturbance in regions where vessel traffic overlaps with
productive coastal waters (Robards et al., 2016). Vessel disturbance may be particularly
detrimental to harbour seal if it changes their haul-out patterns or reduces the time they are able
to spend resting or nursing pups during the breeding season. When disturbed, seals that are
hauled-out typically ‘flush’ (enter) into the water which could be detrimental during pupping
season (Johnson and Acevedo-Gutierrez, 2007). Key haul-outs for harbour seal in proximity to
the Proposed Development are at Arklow, co. Wicklow, along the coast of co. Dublin, and around
Wexford Harbour (Duck and Morris, 2013; Morris and Duck, 2019).

11.9.2.37 Avoidance behaviour or alert reactions have been reported in harbour seal when vessels
approach within 100 m of a haul-out (Richardson etal., 1995). A study in which 37 harbour seals
were telemetry tagged on the east coast of Scotland did not show any apparent response of seals
at sea to close passing vessels (they neither moved towards nor away from them) (Onoufriou et
al., 2016).

11,9.2.38Another telemetry study that included the tagging of 28 harbour seals in the UK found high
exposure levels of harbour seals to shipping noise, and as a result 20 individuals may have
experienced a TTS due to cumulative SELs exceeded the TTS-threshold for pinnipeds exposed

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 122



 

 

 

 

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 123 

 

Construction phase 

MAGNITUDE OF IMPACT 

 

INJURY FROM VESSEL ACTIVITIES 

 

 

GoBc
APEMGroup

z lsse
Renewables

to continuous underwater noise (183dB re 1 pPa2
s) (Jones et al., 2017). The overlap between

seals and vessel activity most frequently occurred within 50 km of the coast and in proximity to
seal haul-outs. The study concluded that there was no evidence of reduced harbour seal
presence as a result of vessel traffic, despite the spatial overlap and cumulative SELs (Jones et
al., 2017).

11.9.2.39 Harbour seals are considered to be of reasonable adaptability, reasonable tolerance, have high
recoverability, and are of high value. Therefore, harbour seals are assessed as having a Low
sensitivity to behavioural disturbance from vessel activities.

Construction phase

MAGNITUDE OF IMPACT

11.9.2.40 During the construction phase, a maximum of 66 installation vessels will be present within the
Array Area at any one time, resulting in a maximum of 4,150 vessel return trips over the five-year
construction period, and a maximum of 1,797 vessel return trips per year (Table 11.9). Vessels
that will be used during the construction phase include jack-up vessels, tug/anchor handlers,
cable installation vessels, guard vessels, survey vessels, crew transfer vessels, scour/cable
protection installation vessels, pre-installation boulder clearance vessels, sandwave clearance
vessels, UXO clearance vessels, and other support vessels (Table 11.9).

INJURY FROM VESSEL ACTIVITIES

11.9.2.41 Vessel traffic associated with the Proposed Development has the potential to lead to an increase
in vessel movements within the Marine Mammal Study Area. This increase in vessel movement
could lead to an increase in interactions between marine mammals and vessels during offshore
construction. Whilst a broad range of vessel types have been involved in collisions with marine
mammals (Laist et al., 2001), vessels travelling at higher speeds pose a higher risk because of
the potential for a stronger strike impact (Schoeman et al., 2020). For example, a study by Laist
et al. (2001) found that in 89% of collisions in which the whale was killed or seriously injured
vessels were travelling at speeds of 14 Kn (7 m/s) or more, and the vessel exceeded a length of
80 m. Therefore, larger vessels travelling at 7 m/s or faster are those most likely to cause death
or serious injury to marine mammals (Laist et al., 2001). The majority of vessels used during the
construction phase are likely to be large vessels that will either be travelling considerably slower
than 7 m/s or will be stationary for significant periods of time. Therefore, the actual increase in
vessel traffic moving within the Proposed Development and to/from port will occur over short
periods of the offshore construction activity. Smaller vessels involved in construction activities
(i.e. tug/anchor handlers, guard vessels, survey vessels, and crew transfer vessels) are able to
move to avoid marine mammals (when detected), even when an animal is close and the vessel
is going at high speed, due to better manoeuvrability compared to larger vessels (Schoeman et
al., 2020). In contrast, large vessels, such as jack-up vessels, have low manoeuvrability and may
require larger distances to avoid an animal, but travel at slower speeds. In addition, the Factored
In Measures (see Table 11.15) which include an EVMP, will advise that vessel traffic will move
along predictable routes, which is known to be a key aspect in minimising the potential risks
imposed by vessel traffic (Nowacek et al., 2001; Lusseau 2003; 2006). The EVMP will also
provide best practice guidance to minimise interactions with marine mammals and define how
vessels should behave in the presence of them.

11.9.2.42 It is also likely that the noise emissions from vessels involved in the construction phase will be
detectable by marine mammals and therefore will deter animals from the areas of potential
impact. Whilst construction of the Proposed Development will lead to an uplift in vessel activity,
vessel movements will be largely restricted to within the Array Area or along the Cable Corridor
and Working Area and will follow existing shipping routes to/from ports. Due to the volume of

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 123



 

 

 

 

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 124 

 

DISTURBANCE FROM VESSEL ACTIVITIES 

 

 

 

 

 

GoBc
APEMGroup

z lsse
Renewables

vessel traffic around the Marine Mammal Study Area already, the introduction of additional
vessels during the construction phase of the Proposed Development will not be a novel impact
for marine mammals present in the area. Therefore, it is not expected that vessel activities during
the construction phase would increase the risk of injury due to vessel collision.

11.9.2.43The impact of injury to all marine mammal species from vessel activities is considered to result in
a very small proportion of the population affected, occur relatively frequently throughout the
construction phase, the effect is unlikely to occur given implementation of Factored In Measures,
intermittent (during vessel movements only), and is very unlikely to affect the population
trajectory. Therefore, the magnitude of impact is assessed as Negligible adverse for all marine
mammal species.

DISTURBANCE FROM VESSEL ACTIVITIES

11.9.2.44 Disturbance to marine mammals by vessels will be driven by a combination of underwater noise
and the physical presence of the vessel itself (Pirotta et al., 2015). It is not simple to disentangle
these drivers, therefore, disturbance from vessels is assessed within this Chapter in general
terms, covering disturbance driven by both vessel presence and underwater noise.

11.9.2.45 Noise levels from construction vessels will result in an increase in non-impulsive, continuous
sounds primarily from propellers, thrusters, and various rotating machinery in the vicinity of the
Proposed Development. The main drivers influencing the magnitude of potential impact with
respect to noise disturbance from vessels are vessel type, speed and ambient noise levels
(Wilson et al., 2007). Disturbance from vessel noise is likely to occur only when vessel noise
associated with the construction of the Proposed Development exceeds the background ambient
noise level.

11.9.2.46Vessel noise levels are typically in the range of 10 to 100 Hz (Erbe etal., 2019) with an estimated
source level of 168 SELcum dB re 1 pPa @ 1 m (Root Mean Square (RMS)) for large construction
vessels and 161 SELcum dB re 1 pPa @ 1 m (RMS) for medium construction vessels, travelling at
a speed of 10 knots (see Volume III, Appendix 11.1: Underwater Noise Assessment (Revised
March 2026)). In general, support and supply vessels (50-100 m) are expected to have broadband
source levels in the range 165-180 dB re 1pPa, with the majority of energy below 1 kHz (OSPAR,
2009). Large commercial vessels (>100 m) produce relatively loud and predominately low
frequency sounds, with the strongest energy concentrated below several hundred Hz (OSPAR,
2009).

11.9.2.47 As stated in paragraphs 11.9.2.2 and 11.9.2.3, the coastal areas and immediate surrounding
waters of the Proposed Development already experience a relatively high amount of vessel traffic.
Therefore, the increase in vessel activity as a result of construction is not considered a novel
impact for marine mammals present in the area.

11.9.2.48Thomsen et al. (2006) estimated that harbour porpoises will respond to both small (-2 kHz) and
large (-0.25 kHz) vessels at approximately 400 m. In addition, a study on the impacts of
construction-related activities at Beatrice and Moray East offshore windfarms showed that
harbour porpoises are displaced by offshore windfarm construction vessels (Benhemma-Le Gall
ef al., 2021). Types of construction-related vessels that were assessed in this study included
offshore service vessels for pile driving and jacket/turbine installation, guard vessels, crew-
transfer vessels, and port service craft (Benhemma-Le Gall et al., 2021). The median
construction-related vessel density across the Moray Firth during the study period was 1.4
vessels/km2. PAM data recorded at the site showed that the hourly occurrence of porpoise
detections declined within 2 km of construction vessels, but that no response was observed out
to 4 km, suggesting that responses declined within increasing distance to vessels (Benhemma-
Le Gall etal., 2021).
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11.9.2.49 Furthermore, Heinanen and Skov (2015) suggested that harbour porpoise density was
significantly lower in areas with vessel transit rates of greater than 20,000 vessels/year (80 per
day within an area of 5 km2). Comparatively, vessel traffic in the shipping and navigation Study
Area averages 36 to 37 vessels per day (see Volume II, Chapter 15: Shipping and Navigation
(Revised March 2026) and Volume III, Appendix 15.1: Navigational Risk Assessment (Revised
March 2026)).

11.9.2.50Throughout the construction of the Proposed Development, the EVMP (Table 11.15) will advise
that vessel traffic moves along predictable routes and will define how vessels should behave in
the presence of marine mammals.

11.9.2.51 For seals, Jones et al. (2017) analysed the predicted co-occurrence of ships and seals at sea
which demonstrated that there is a large degree of predicted co-occurrence UK-wide, particularly
within 50 km of the coast close to seal haul-outs. However, there is no evidence relating
decreasing seal populations with high levels of co-occurrence between ships and seals. In areas
where seal populations are showing high levels of growth, such as southeast England, ship co-
occurrences are highest (Jones et al., 2017).

11.9.2.52 Although co-occurrence of vessels and seals is well documented through telemetry studies
(Jones et al., 2017), Thomsen et al. (2006) estimated that both harbour and grey seals will
respond to both small (-2 kHz) and large (-0.25 kHz) vessels at approximately 400 m. Where
seals may respond, it is expected that any impact on behaviour would be short-term and localised
and would return to baseline once the vessel disturbance has ended.

11.9.2.53The proposed implementation of an EVMP (Table 11.15) will reduce the risk of vessel disturbance
by providing guidance regarding the speed and movement of vessels, resulting in slower moving
vessels travelling more predictable routes which are less likely to cause disturbance. This is
supported by vessel simulation modelling by Findlay et al. (2023) which predicted that, when
animals were exposed to vessels at a given distance with both a 20% and a 50% reduction in
speed, all potential noise impacts were reduced. At a 20% reduction in speed, the vessel noise
swath halved, reducing the average number of animals exposed by 50% and therefore reducing
the number of animals that are likely to be disturbed (Findlay et al., 2023). In addition, the study
demonstrated that moderate slowdowns strongly reduce vessel source levels, with a 20%
reduction in speed decreasing mean source levels by 6 dB and a 50% speed reduction by 18 dB
(Findlay et al., 2023).

11.9.2.54Therefore, the impact of disturbance to all marine mammal species from vessel activities is
considered to result in a small proportion of the population affected, occur frequently throughout
the construction phase, the effect is reasonably expected to occur, have intermittent and
reversible consequences, and is very unlikely to affect the population trajectory given
implementation of Factored In Measures. Therefore, the magnitude of impact is assessed Low
adverse for all marine mammal species.

SIGNIFICANCE OF EFFECT

INJURY FROM VESSEL ACTIVITIES

11.9.2.55 For all marine mammal species, the magnitude of the impact of injury to marine mammals from
vessel activities during the construction phase has been assessed as Negligible adverse, with
the sensitivity of the receptor being High. Therefore, the significance of injury to marine mammals
from vessel activities during the construction phase for all marine mammal species is Not
Significant, which is not significant in EIA terms.
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DISTURBANCE FROM VESSEL ACTIVITIES

11.9.2.56 For all marine mammal species within this assessment, the magnitude of the impact of
disturbance from vessel activities during the construction phase has been assessed as Low
adverse, with the sensitivity of the receptor being Low. Therefore, the significance of disturbance
of marine mammals from vessel activities during the construction phase for all marine mammal
species is Slight adverse, which is not significant in EIA terms.

RESIDUAL EFFECT ASSESSMENT

11.9.2.57The significance of effect from injury and/or disturbance to marine mammals from vessel activities
during the construction phase is not significant in EIA terms. Therefore, no additional mitigation
to the Factored In Measures already identified in Table 11.15 are considered necessary. No
ecologically significant adverse residual effects have been predicted in respect of marine
mammals.

Operations and Maintenance phase

MAGNITUDE OF IMPACT

11.9.2.58 During the operations and maintenance phase, a maximum of 30 vessels will be present within
the Array Area at any one time, resulting in a maximum of 1,359 vessel return trips per year (Table
11.9). Vessels that will be used during the operations and maintenance phase include crew
transfer vessels, jack-up vessels, cable repair vessels (Table 11.9).

INJURY FROM VESSEL ACTIVITIES

11.9.2.59 Baseline information on vessel traffic during the operations and maintenance phase is outlined in
paragraph 11.9.2.58 and Table 11.9. The operations and maintenance phase may last for up to
36.5 years.

11.9.2.6OAs stated in paragraphs 11.9.2.2 and 11.9.2.3, the coastal areas and immediate surrounding
waters of the Proposed Development already experience a relatively high amount of vessel traffic
(see Volume II, Chapter 15: Shipping and Navigation (Revised March 2026)). Vessel movements
will be within the Array Area or along the offshore Cable Corridor and Working Area and will follow
existing shipping routes to/from ports. Therefore, the introduction of additional vessels during the
operations and maintenance phase of the Proposed Development is not a novel impact for marine
mammals present in the area and it is not expected that vessel activities during the operations
and maintenance phase would increase the risk of injury due to vessel collision.

11.9.2.61 Harbour porpoises, dolphins and seals are relatively small and highly mobile, and given observed
responses to noise, are expected to detect vessels in close proximity and largely avoid collision.
As discussed in paragraph 11.9.2.41 and Table 11.15, the implementation of the Factored In
Measures, including an EVMP, will advise that vessels movements follow predictable routes and
will provide guidance on how vessels should behave in the presence of marine mammals which
will minimise the magnitude of the impact. Furthermore, a proportion of these vessels will be
stationary or slow moving throughout O&M activities for significant periods of time, further
reducing the likelihood and any impacts relating to vessel collision.

11.9.2.62 Furthermore, all marine mammal species are deemed to be of low vulnerability given that vessel
collision is not considered to be a significant cause of mortality, as highlighted from post-mortem
examinations of stranded animals in the UK (CSIP, 2019).

11.9.2.63Therefore, the impact of injury to all marine mammal species from vessel activities is considered
to result in a very small proportion of the population affected, occur relatively frequently
throughout the operations and maintenance phase, the effect is unlikely to occur given
implementation of Factored In Measures, intermittent (during vessel movements only), and is very

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 126



 

 

 

 

Volume II, Chapter 11, Marine Mammals (Revised March 2026) 127 

DISTURBANCE FROM VESSEL ACTIVITIES 

 

 

 

SIGNIFICANCE OF EFFECT 

INJURY FROM VESSEL ACTIVITIES 

 

DISTURBANCE FROM VESSEL ACTIVITIES 

 

RESIDUAL EFFECT ASSESSMENT 

 

GoBc
APEMGroup

z lsse
Renewables

unlikely to affect the population trajectory. Therefore, the magnitude of impact is assessed as
Negligible adverse for all marine mammal species.

DISTURBANCE FROM VESSEL ACTIVITIES

11.9.2.64As stated in paragraphs 11.9.2.2 and 11.9.2.3, the coastal areas and immediate surrounding
waters of the Proposed Development already experience a relatively high amount of vessel traffic.
Therefore, the increase in vessel activity during the operations and maintenance phase is not
considered a novel impact for marine mammals present in the area.

11.9.2.65Heinanen and Skov (2015) suggested that harbour porpoise density was significantly lower in
areas with vessel transit rates of greater than 20,000 ships/year (80 per day within an area of 5
km2). Comparatively, vessel traffic in the shipping and navigation Study Area averages 36 to 37
vessels per day (see Volume II, Chapter 15: Shipping and Navigation (Revised March 2026) and
Volume III, Appendix 15.1: Navigational Risk Assessment (Revised March 2026)). Considering a
maximum of 22 O&M vessels will be present within the Array Area at any one time, vessel traffic
in the area around the Proposed Development is not likely to exceed the value presented by
Heinanen and Skov (2015) even with the addition of vessels involved in the O&M phase.

11.9.2.66As discussed in paragraph 11.9.2.41 and Table 11.15, the implementation of the Factored In
Measures, including an EVMP, advises that vessels movements follow predictable routes and will
provide guidance on how vessels should behave in the presence of marine mammals, which will
minimise the magnitude of any impact. Therefore, the impact of disturbance to all marine mammal
species from vessel activities is considered to result in a small proportion of the population
affected, occur frequently throughout the operations and maintenance phase, the effect is
reasonably expected to occur, have intermittent and reversible consequences, and is very
unlikely to affect the population trajectory given implementation of Factored In Measures.
Therefore, the magnitude of impact is assessed as Low adverse for all marine mammal species.

SIGNIFICANCE OF EFFECT

INJURY FROM VESSEL ACTIVITIES

11.9.2.67 For all marine mammal species, the magnitude of the impact of injury to marine mammals from
vessel activities during the construction phase has been assessed as Negligible, with the
sensitivity of the receptor being High. Therefore, the significance of injury to marine mammals
from vessel activities during the operations and maintenance phase for all marine mammal
species is Not Significant, which is not significant in EIA terms.

DISTURBANCE FROM VESSEL ACTIVITIES

11.9.2.68 For all marine mammal species within this assessment, the magnitude of the impact of
disturbance from vessel activities during the operations and maintenance phase has been
assessed as Low adverse, with the sensitivity of the receptor being Low. Therefore, the
significance of disturbance of marine mammals from vessel activities during the operations and
maintenance phase for all marine mammal species is Slight adverse which is not significant in
EIA terms.

RESIDUAL EFFECT ASSESSMENT

11,9.2.69The significance of effect from injury and/or disturbance to marine mammals from vessel activities
during the operations and maintenance phase is not significant in EIA terms. Therefore, no
additional mitigation to the Factored In Measures already identified in Table 11.15 are considered
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necessary. No ecologically significant adverse residual effects have been predicted in respect of
marine mammals.

Decommissioning phase

MAGNITUDE OF IMPACT

11.9.2.70 Vessel traffic during the decommissioning phase is anticipated to be similar in nature, but of lower
magnitude, to the construction phase (Table 11.9).

INJURY FROM VESSEL ACTIVITIES

11.9.2.71 As stated in paragraphs 11.9.2.2 and 11.9.2.3, the coastal areas and immediate surrounding
waters of the Proposed Development already experience a high amount of vessel traffic (see
Volume II, Chapter 15: Shipping and Navigation (Revised March 2026)). Vessel movements will
be within the Array Area or along the offshore Cable Corridor and Working Area and will follow
existing shipping routes to/from ports. Therefore, the introduction of additional vessels during the
decommissioning phase of the Proposed Development is not a novel impact for marine mammals
present in the area and it is not expected that vessel activities during the decommissioning phase
would increase the risk of injury from collision.

11.9.2.72 Harbour porpoises, dolphins and seals are relatively small and highly mobile, and given observed
responses to noise, are expected to detect vessels in close proximity and largely avoid collision.
As discussed in paragraph 11.9.2.41 and Table 11.15, the implementation of the Factored In
Measures, including an EVMP, will advise that vessels movements follow predictable routes and
will provide guidance on how vessels should behave in the presence of marine mammals which
will minimise the magnitude of the impact. Furthermore, a proportion of these vessels will be
stationary or slow moving throughout decommissioning activities for significant periods of time,
further reducing the likelihood and any impacts relating to vessel collision.

11.9.2.73 Furthermore, all marine mammal species are deemed to be of low vulnerability given that vessel
collision is not considered to be a significant cause of mortality highlighted from post-mortem
examinations of stranded animals in the UK (CSIP, 2019).

11,9.2.74Therefore, the impact of injury to all marine mammal species from vessel activities is considered
to result in a very small proportion of the population affected, occur relatively frequently
throughout the decommissioning phase, the effect is unlikely to occur given implementation of
Factored In Measures, intermittent (during vessel movements only), and is very unlikely to affect
the population trajectory. Therefore, the magnitude of impact is assessed as Negligible adverse
for all marine mammal species.

DISTURBANCE FROM VESSEL ACTIVITIES

11.9.2.75The potential impacts during the decommissioning phase are anticipated to be similar to or less
than the construction phase as the Rehabilitation Schedule confirms that no piling will be
undertaken (Table 11.15).

11.9.2.76As stated in paragraphs 11.9.2.2 and 11.9.2.3, the coastal areas and immediate surrounding
waters of the Proposed Development already experience a relatively high amount of vessel traffic.
Therefore, the increase in vessel activity as a result of construction is not considered a novel
impact for marine mammals present in the area.

11.9.2.77 Furthermore, Heinanen and Skov (2015) suggested that harbour porpoise density was
significantly lower in areas with vessel transit rates of greater than 20,000 vessels/year (80 per
day within an area of 5 km2). Comparatively, vessel traffic in the shipping and navigation Study
Area averages 36 to 37 vessels per day (see Volume II, Chapter 15: Shipping and Navigation
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11.9.4.8 Unlike cetaceans, seals are reliant on terrestrial haul-out sites for resting, moulting, and breeding
which makes them particularly vulnerable to the effects of pollution. Information on key haul-outs
for grey seals and harbour seals in the vicinity of the Proposed Development is presented in
section 11.5.2. Seals have been shown to develop conjunctivitis, corneal abrasion, and swollen
eyelid membranes in response to exposure to crude oil (Geraci and St. Aubin, 1980). While
external oiling is not expected to significantly impact the ability of adult seals to maintain their
core body temperature as they rely on blubber for insulation, seal pups entering the water could
be vulnerable as oil residues can reduce the thermal properties of neonate animals, increasing
their susceptibility to hypothermia (Helm etal., 2015).

11.9.4.9 All marine mammal species within this assessment are considered to be of reasonable
adaptability, reasonable tolerance, have medium recoverability, and are of high value. Therefore,
all marine mammal species in this assessment are assessed as having a Medium sensitivity to
accidental pollution.

Construction phase

MAGNITUDE OF IMPACT

11.9.4.10The installation of the offshore infrastructure for the Proposed Development may lead to the
accidental release of pollutants through spills and leaks from vessels and equipment. The project
design parameters for Project Design Option 1 during the construction phase are outlined in Table
11.9 and include the installation of 53 WTGs, two OSPs, between 110 and 122 km of inter-array
cables, between 25 and 28 km of interconnector cables, and between 35 and 40 km offshore
export cables. There will also be up to 4,150 vessel round trips and 294 helicopter round trips
during the construction phase (including activities at the Landfall).

11.9.4.11 The magnitude of the impact of accidental pollution will be dependent on the quantities of potential
pollutants carried by construction vessels and within equipment. The release of a large inventory
of fuel oil from a construction vessel is, however, considered to represent the greatest potential
accidental pollution event from installation activities. In the event of an accidental spill from
vessels, equipment or from construction activities, the spill would be subject to immediate dilution
and rapid dispersal (Marappan et al., 2022).

11.9.4.12Given the Factored In Measures (see Table 11.15), the likelihood of accidental release is
considered extremely low. The measures in the EMP include storage of chemicals in secure
designated areas on vessels in line with appropriate regulations and guidelines, and double
skinning of any tanks and pipes containing hazardous substances. All chemicals used will be
subject to a chemical risk assessment to ensure risks are understood and minimised. The EMP
also includes a MPCP which will contain key emergency contact details and response procedures
in the event of a spill of any magnitude (Tier I, II or III) to ensure minimal impact. Compliance with
these procedures will also reduce the magnitude of any spill. Adherence to the Factored In
Measures outlined in Table 11.15, including the EMP and MPCP will significantly reduce the
likelihood of an accidental pollution incident occurring, and the magnitude of its impact.

11.9.4.13The impact of accidental pollution on marine mammals is considered unlikely to occur but would
only occur once or infrequently if it did occur during the construction phase. It is expected to have
intermittent and reversible consequences for most individuals and is very unlikely to affect the
population trajectory. Therefore, the magnitude of impact is assessed as Low adverse for all
marine mammal species.

SIGNIFICANCE OF EFFECT

11.9.4.14For all marine mammal species, the magnitude of the impact of accidental pollution during the
construction phase has been assessed as Low adverse, with the sensitivity of the receptor being
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Medium. Therefore, the significance of effect from accidental pollution during the construction
phase for all marine mammal species is Slight adverse, which is not significant in EIA terms.

RESIDUAL EFFECT ASSESSMENT

11.9.4.1 5The significance of effect from accidental pollution during the construction phase is not significant
in EIA terms. Therefore, no additional mitigation to the Factored In Measures already identified in
Table 11.15 are considered necessary. No ecologically significant adverse residual effects have
been predicted in respect of marine mammals.

Operations and Maintenance phase

MAGNITUDE OF IMPACT

11.9.4.16There is the potential for the accidental release of pollutants during the operations and
maintenance phase of the Proposed Development as a result of the presence of offshore
infrastructure, associated equipment, and vessel movements. The project design parameters for
Project Design Option 1 during the operations and maintenance phase are outlined in Table 11.9.
This includes synthetic compound, for example from antifouling biocides, heavy metal, and
hydrocarbon contamination as a result of the presence of 53 WTGs and two OSPs as well as
from maintenance activities. There will also be up to 1,359 vessel round trips and 485 helicopter
round trips per year during the operations and maintenance phase.

11.9.4.17The magnitude of the impact of accidental pollution will be dependent on the quantities of potential
pollutants carried by operations and maintenance vessels and within equipment. Any accidental
spill from vessels or equipment or from maintenance activities would be subject to immediate
dilution and rapid dispersal (Marappan et al., 2022). As discussed in paragraph 11.9.4.12 and
Table 11.15, the implementation of the Factored In Measures, including an EMP and MPCP, will
ensure that the likelihood of accidental release occurring is extremely low and, in the event that
an accidental release does occur, will limit the magnitude of the impact.

11.9.4.18The impact of accidental pollution on marine mammals is considered unlikely to occur but would
only occur once or infrequently if it did occur during the operations and maintenance phase. It is
expected to have intermittent and reversible consequences for most individuals and is very
unlikely to affect the population trajectory. Therefore, the magnitude of impact is assessed as Low
adverse for all marine mammal species.

SIGNIFICANCE OF EFFECT

11.9.4.19 For all marine mammal species, the magnitude of the impact of accidental pollution during the
operations and maintenance phase has been assessed as Low adverse, with the sensitivity of
the receptor being Medium. Therefore, the significance of effect from accidental pollution during
the operations and maintenance phase for all marine mammal species is Slight adverse, which
is not significant in EIA terms.

RESIDUAL EFFECT ASSESSMENT

11,9.4.20The significance of effect from accidental pollution during the operations and maintenance phase
is not significant in EIA terms. Therefore, no additional mitigation to the Factored In Measures
already identified in Table 11.15 are considered necessary. No ecologically significant adverse
residual effects have been predicted in respect of marine mammals.
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mammals to date is reported in Guiana dolphin (Sotalia guianensis) as they have been shown to
possess an electroreceptive system which is used to detect electrical stimuli (Czech-Damal et al.,
2013).

11.9.5.5 Potential responses of cetaceans from EMF could include avoidance behaviour, disruption in
orientation, and effects on feeding or social interaction (Normandeau et al., 2011), although it is
important to note that these responses are all currently hypothetical. Whilst subsea cables could
create a very localised change in the geomagnetic field (Taormina etal., 2018), modelling studies
of EMF from cables suggests that the likelihood of such a change affecting a large enough area
to elicit a significant course alteration would be low (Normandeau etal., 2011).

11.9.5.6 Theoretically, there is the potential for some very localised behavioural effects, although no
evidence exists at present that marine mammal species within this assessment are magneto
sensitive. All marine mammal species within this assessment are considered to be of high
adaptability, high tolerance, have high recoverability, and are of high value. Therefore, all marine
mammal species in this assessment are assessed as having a Negligible sensitivity to changes
in EMF from subsea electrical cabling.

Operations and Maintenance phase

MAGNITUDE OF IMPACT

11.9.5.7 EMFs are a combination of an electrical field and a magnetic field, with the electrical field
generated by static charges and the magnetic field generated by moving currents.

11.9.5.8 Anthropogenic sources of EMF are primarily subsea cables used for power generation and
telecommunications or submarine communications (Normandeau et al., 2011; Tasker et al.,
2010). Therefore, the presence and operation of between 110 and 122 km of 66 kV inter-array
cables, between 35 and 40 km of 220 kV offshore export cables, and between 25 and 28 km of
220 kV OSP interconnector cables during the lifetime of the Proposed Development (see Table
11.9) may lead to localised EMF effects on marine mammals.

11.9.5.9 Submarine cables can cause three different types of EMFs: electrical (E) fields, magnetic (B)
fields, and induced electric (iE) fields. E-fields are measured in volts per metre (V/m) and are
generated by the voltage of the cable. B-fields are measured in microtesla (pT) or milligauss (mG)
where 1 pT = 10 mG and are generated by the current of the power through the cable. They
attenuate both horizontally and vertically away from the cable, with field strength directly related
to the power of the current passing through the cable, rather than being specifically related to the
voltage. iE-fields are measured in V/m and are generated by the fluctuation of the B-fields (in AC
transmission) or by the motion of the seawater (or an organism) through the B-field. Therefore,
they are dependent on the strength of the B-field, thus the strength of the iE-field is directly related
to the B-field, which is strongest closest to the cable, attenuating horizontally and vertically away
from it.

11.9.5.10 EMFs also occur naturally in the marine environment from a variety of sources including
background levels from the Earth’s magnetic field, and very small fields generated by electrical
currents moving through organisms (Tricas and Gill, 2011). The Earth’s static B-field is present
in both terrestrial and aquatic environments and lies in the range 25 to 65 pT (Hutchison et al.,
2018). The B-field strength of the Irish Sea is approximately 49 pT (National Oceanic and
Atmospheric Administration (NOAA), 2020).

11.9.5.11 Measurements of EMF for subsea cables associated with offshore windfarms vary, with the
strength of the B-field generated generally related to the wind speed captured by the turbines. A
variety of design and installation factors affect EMF levels in the vicinity of the cables such as
current flow, distance between cables, cable insulation, number of conductors, configuration of
cable and burial depth. For example, EMFs produced by inter-array cables are smaller than those
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of export and OSP interconnector cables as they are lower powered in comparison. Furthermore,
the B-fields generated by High Voltage Alternating Current (HVAC) and High Voltage Direct
Current (HVDC) cables are significantly different, with HVDC cables typically generating much
larger EMFs than HVAC cables (Tricas and Gill, 2011). The transmission system used for the
Proposed Development will only comprise HVAC.

11.9.5.12CMACS (2003) reported that for a 132 kV three-phase AC cable with perfect shielding, the
predicted B-field in close proximity to the cable was 1.6 pT and the respective iE-field was 91.25
pV/m above the cable if buried to 1 m depth, which reduced to 10 pV m-1 8 m from the cable. Gill
ef al. (2009) measured iE-fields of 30 pV/m and 110 pV/m at two different offshore windfarm
cables (both three-phase AC, 36 kV, 100 A) close to the cables and B-fields of 0.23 pT and 6.5
pT, respectively. Continental Shelf Associates (CSA, 2019) compared offshore windfarm subsea
cables and found EMF levels directly over live AC undersea power cables associated with
offshore wind energy projects ranged between 5 to 15 mG (0.5 to 1.5 pT) for inter-array cables
and 10 to 40 mG (1 to 4 pT) for export cables, at heights of 1 m above the seabed. At lateral
distances of between 3 m and 7.5 m from the cable, B-fields greatly reduced to <0.1 to 7 mG
(<0.01 to 0.7 pT) for inter-array cables, and <0.1 to 12 mG (<0.01 to 1.2 pT) for export cables, at
heights of 1 m above the seabed. Measurements of the iE-fields directly over live AC undersea
power cables in the same study ranged between 0.1 to 1.2 mV/m for the inter-array cables and
0.2 to 2.0 mV/m for export cables, at heights of 1 m above the seabed (CSA, 2019). At lateral
distances of between 3 m and 7.5 m, iE-fields reduced to between 0.01 to 0.9 m V/m for inter-
array cables and 0.02 to 1.1 mV/m for export cables at heights of 1 m above the seabed.

11.9.5.13The strength of the B-field (and consequently, iE-fields) decreases rapidly horizontally and
vertically with distance from source (Normandeau ef al., 2011). Burial of cables, in particular, can
therefore reduce the strength of the B- and iE-fields. However, it is unlikely that cables can be
buried to sufficient depths that will reduce the magnitude of the B-field, and hence the sediment-
seawater interface iE-field, to the extent that these fields could not be detected by certain marine
organisms on or close to the seabed (Gill ef al., 2005). A study conducted by CSA (2019) found
that inter-array and export cables buried between depths of 1 m to 2 m reduces the magnetic field
at the seabed surface four-fold. For cables that are unburied and instead protected by thick
concrete mattresses or rock berms, the field levels were found to be similar to buried cables.

11.9.5.14While there may be some change to EMFs in the vicinity of inter-array, export, and OSP
interconnector cables, the studies presented above indicate that these would likely be highly
localised, with the strength of EMFs dissipating quickly with increased distance from the buried
cables. The impact of EMFs on marine mammals is considered to occur throughout the operations
and maintenance phase, is reasonably expected to occur, and have intermittent and recoverable
consequences but is very unlikely to affect the population trajectory. Therefore, the magnitude of
impact is assessed as Low adverse for all marine mammal species.

SIGNIFICANCE OF EFFECT

11.9.5.15 For all marine mammal species, the magnitude of the impact of changes in EMFs from subsea
electrical cabling has been assessed as Low adverse, with the sensitivity of the receptor being
Negligible. Therefore, the significance of effect from changes in EMFs from subsea electrical
cabling during the operations and maintenance phase for all marine mammal species is
Imperceptible, which is not significant in EIA terms.

RESIDUAL EFFECT ASSESSMENT

11.9.5.16The significance of effect from changes in EMFs from subsea electrical cabling during the
operations and maintenance phase is not significant in EIA terms. Therefore, no additional
mitigation to the Factored In Mitigation already identified in Table 11.15 are considered
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