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Summary

OX2 AB plans to establish Halla offshore wind farm (OWF) in the Bay of Bothnia. Construction and
operation of the OWF subjects marine animals in the area to disturbance with noise, mainly from pile
driving, increased ship traffic and noise from operation of the turbines. The present report therefore
assesses modelled sound pressure data against spatial-temporal distributions of animals and the
sensitivity of these to underwater noise in the Halla OWF project area to provide an overall
assessment of the size, extent, and consequences of the emitted noise regime.

Field surveys and information from various sources were used to shed light on the animal community
inhabiting or migrating through the area. Two species of mammals (grey seal and ringed seal) and a
small number of fish species utilized the area, of which herring and sculpins were numerically
dominant. Fish mainly used the OWF project area for foraging, and the project area had limited
suitability as spawning area compared to areas 3-5 km east of the project area and near-coastal areas.
For both ringed and grey seals, the nearest haul out sites were >20 km from the OWF project area,
and the seals were only assessed to utilize the project area to a limited extent, mainly due to the
scarcity of fish in it compared to more near-coastal or shallower regions in the Bothnian Bay.

Pile driving had the shortest duration of the three assessed types of noise, but also the highest levels
of magnitude. Pile driving can potentially cause avoidance responses, temporary and permanent
hearing threshold shift, and in the worst-case acoustic trauma to non-auditory tissue.

For fish, the modelled threshold distance for acoustic trauma was <100 - 2350 m for adult or juvenile

fish and 700 — 1500 m for eggs and larvae. The modelled limit for temporary hearing threshold shift in
fish was 10.3 — 23.7 km. The size and extent of the impact from pile driving was assessed as moderate
negative for fish, and the overall consequences of pile driving during construction of the OWF was set
to low, mainly due to low sensitivity of fish in the area (few fish and limited extent of spawning).

The modelled distance limit for permanent or temporary hearing threshold shifts in seals was <100 m
for PTS and up to 275 m for TTS while the threshold for avoidance behaviour was 19.1 km. The size
and extent of the impact from pile driving was assessed as low negative for seals and the overall
consequences of pile driving during construction of the OWF was set to low due to the scarcity of
seals in the project area and known experience from other OWFs.

Vessel noise is less intense than pile driving noise, but more prolonged and widespread. The project
area for Halla OWF is overlapping with intensively used shipping routes, and the relatively low number
of animals in the area are likely to be adapted to a certain amount of vessel noise. The size and extent
and the consequences of the impact from vessel noise for Halla OWF was therefore assessed to be
negligible for fish. For seals, the size and extent of the impact from vessel noise was assessed as low
negative and the consequences to be minor.

Noise emissions associated with the operation of wind turbines are both aerodynamic noise and
mechanical noise, which form the least audible levels of noise of those included in this report. Studies
from other offshore wind farms have documented that the cumulative noise level from several
operating wind turbines is well below the ambient noise level in areas with high ambient noise levels
from ships and high wind speeds, which is also expected to be the case in the Halla OFW. Both the
size and extent and the consequences of the operational noise was therefore assessed to be negligible
for fish and seals in the area.



Table 0.1 summaries the results of the impact assessment of underwater noise during construction
and operation for both fish and seals

Table 0.7 Impact assessment of underwater noise during construction and operation of Halla Offshore Wind Farm.

Impact Sensitivity of the Size and extent of Consequence
recipient the impact

Piledriving - fish Low Moderate negative Low
Piledriving - seals Moderate Low negative Low
Ship Noise - fish Low Negligible Negligible
Ship Noise - seals Low Low negative Minor
Operational Noise - fish Low Negligible Negligible
Operational Noise - seals Low Negligible Negligible




1. Introduction

OX2 AB plans to establish Halla offshore wind farm in the Bay of Bothnia in Finland's exclusive economic
zone (EEZ) (Figure 1.1). This report presents the details of the Environmental Impact Assessment (EIA)
for fish and marine mammals from underwater noise related to the construction and operational phase
of the offshore wind farm. The report provides a brief baseline description of marine mammals and fish
in the Bay of Bothnia and within the project area for Halla offshore wind farm. The baseline descriptions
of fish and marine mammals are based on existing knowledge as well as fish surveys using multi-mesh
gillnets in the wind farm area as well as data from the commercial fishery in and close to the project

area. The baseline chapter provides an assessment of the area’s importance for the relevant fish and
marine mammal species.
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Figure 1.1: Overview of Halla offshore wind farm site (black) and surrounding area.

To assess the impact on marine mammals and fish from the installation of foundations a site-specific
underwater noise modelling has been conducted and a brief description of the modelling is provided
in section 4.2. For a more detailed description of the underwater noise modelling see the technical
report (NIRAS, 2023). Descriptions of other underwater noise emitting activities related to the
construction and operational phase is based on existing knowledge and a description is provided in
this report. In chapter 4 and 5 impact assessments of underwater noise during the construction and
operational phase on fish and marine mammals are provided.

1.1. Project area

Halla OWF site is in the Finnish part of the Bay of Bothnia, about 24 km west of the island Hailuoto
(see figure 1.1). The project area is approximately 575 km?.



The project includes installation of up to 160 wind turbines within the project area. Foundation types
for the turbines have not yet been decided, however a number of options are considered. Monopile
foundations up to 18 m diameter, 3- or 4-legged jacket foundations with up to 8 m pin piles, or
alternative foundations such as floating, gravitation or suction bucket could be used either exclusively
or in combination.

1.2.  Assessment methods

A systematic approach has been used to identify and assess the potential impacts, effects, and
consequences of the planned activity (causing underwater noise) on fish and marine mammals and to
describe protective measures to mitigate the impact. In the present report the terms sensitivity, impact,
effect, and consequence are used.

e Sensitivity: The sensitivity of the recipient or species to a given impact. The assessment of the
recipient’s sensitivity is based on the current scientific knowledge as well as information from
conducted field work. A recipient’s sensitivity can low, moderate, or high. A recipient’s sensitivity
is assessed based on:

o The recipient’s status including population trends, abundance, and occurrences.

o The recipient’s sensitivity to the given environmental impact and its ability to adapt to
the pressure. In this situation underwater noise.

o The recipient's sensitivity during different periods of the year (for example, the recipient
may be more sensitive during mating season or during migration periods).

¢ Size and extent of the impact and effect:

Impact: Refers to the change in the physical environment due to project activity. For example:
generated noise, discharge of pollutants, loss of valuable natural environments, increase in
transportation within the area. The impact can be at a local, regional, or national level and
furthermore either short term, temporary or permanent.

Effect: Describes the significance that the impact is assessed to have on the existing values of
the environment. Hence, a description of the extent of the impact. Which effect(s) that will
occur because of the impact must be seen in relation to the specific conditions of the affected
area. Hence, what makes the environment valuable, which values are affected and how
sensitive are they. If an area has little value, the impact is expected to have little effect. If,
however, the area is valuable or sensitive the effect of a given impact is expected to be higher.

e Consequence: is an assessment of what importance the environmental effects, from a given
impact, will have for the interests involved, such as the climate, human health, or
biodiversity. In assessing the consequences, the assessment is based on the extend of the
impact, the significance for the environmental values and how large the impact is expected
to be. The assessment is held up against a "no-action” alternative, a so-called zero
alternative. The zero alternative describes the expected future development of the area if
the project is not implemented.

Initially, a screening of the impact is made, describing what type of impact the planned activity may
have. To make the overall assessment of effects and consequences, an assessment of the species'
(recipient's) sensitivity is made. Thereafter, the degree of impact (and effect) that the activity is
assumed to have on the species is assessed. The assessment of the potential consequences following
the activity is made by weighing the recipient's sensitivity up against the extent of the impact and the



effect. Based on this, it is finally assessed what environmental consequences the project may have

(Table 1.1).
Table 1.1: The assessment matrix used to assess the potential consequence of a given impact.
The significance of | Size and extent of the impact
the consequence High Modera | Low insignifi | Low Modera | High
Negativ | te negativ | cant positive | te positive
e Negativ | e positive
e
Recipien | Low Moderat | Low Minor Negligib | Minor Low Moderat
ts' e le e
sensitivi | pModera High Moderat | Low Negligib | Low Moderat
ty te e le e
W High Moderat | Negligib | Moderat
e le e

The sensitivity of the recipient is assessed in relation to the relevant impacts during the different
stages of the planned project. To assess the size and extent of the impacts, the assessments are based
on worst case scenarios where the impacts are expected to be highest.

2. Fish — baseline description

This chapter contains background information on the fish community inhabiting or utilizing the
project area. A general intro and assessment of the area and the overall structure of its fish community
is given, followed by results from fish surveys in the project area. Finally, the fish species that utilize
the project area are described and the importance of the project area as habitat for the species is
assessed.

2.1. Fish ecology in the project area

Ninety-five percent of the world’s fish species are adapted to life in waters of either very low salinity
(freshwater species) or full sea level salinities (marine species). The remaining five percent are so-
called euryhaline fish that can survive a wide range of salinities (McCormick, et al., 2013).

The high discharge of freshwater into the Baltic Sea and the limited sea water exchange between the
Baltic Sea and the North Sea, makes the Baltic Sea brackish with salinities decreasing from 30 PSU at
the North Sea border to almost 0 PSU in the archipelagos of the northern Bay of Bothnia (Emeis, et al.,
2003).

The brackish water of the Baltic Sea imposes physiological stress on both marine and freshwater
organisms. The overall species composition of the sea changes from something resembling a normal
marine environment in the Western Baltic to something resembling a lake system in the archipelagos
of the northern Bay of Bothnia (HELCOM, 2018), (Naturvardsverket, 2012), Figure 2.1.

Some examples of genetic adaptation and diversification exist in the Baltic Sea, where populations of
marine species such as herring and Atlantic cod have pushed their salinity tolerance and adapted
themselves to a life in the brackish waters (Johannesson & André, 2006). In addition to this, a number



of euryhaline species such as Atlantic salmon, brown trout and European eel that may utilize both
marine and freshwater during their lifecycle, inhabit the sea.

The Baltic Sea is thus a complex ecological fish niche and a relatively species-poor environment with a
geographical change in fish community composition (HELCOM, 2018) (Naturvardsverket, 2012).
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Figure 2.1: Left panel: Bottom salinity of the Baltic Sea with distribution limits of selected species. Right panel:
Overall number of species present and the proportion of species by origin (marine, brackish or freshwater) in the
Baltic Sea. Figure from (HELCOM, 2018). The Bay of Bothnia is dominated by freshwater species, but is relatively
species-poor.

The Halla project area is in the Northern Bay of Bothnia, in the least saline end of the Baltic Sea. It is in
an aquatic environment with closer resemblance to a large lake ecosystem than a marine ecosystem.
The offshore habitat is unsuitable for most marine fish species otherwise found in Nordic regions,
though a small number of marine species do inhabit it. Most freshwater species typically found in the
Nordic region tend to prefer more near-coastal environments in the Bay of Bothnia. Therefore, the
Halla project area is species-poor with a peculiar mix of fish species inhabiting it.

The fish community found in the Bay of Bothnia area is dominated by species typically associated with
freshwater systems (Appelberg, et al., 2003) (HELCOM, 2018). Key freshwater species such as pike,
perch and pikeperch are important predatory fish in the coastal areas of the Bay of Bothnia, but are
not common in deep offshore areas of the bay (Saulamo & Neuman, 2002) (Naturvardsverket, 2012).
These (and several other) freshwater species have preference for relatively warm water with access to
benthic vegetation during all or parts of their lifecycle and thus tend to seek out such conditions,
mainly through residency in coastal or shallow areas (Gilet & Dubois, 1995) (Veneranta, et al., 2013).
The offshore location of the Halla project area thus makes it a less preferable habitat to several
freshwater species, though there are shallow (<10 m) banks 2-5 km east of the project area and
several 12-20 m deep areas within the project area that may attract e.g., perch during summer. The
project area is therefore low to moderately relevant as habitat for freshwater species, though
aggregations or straying of freshwater fish can occur into it, especially during summer.



Marine fish in the Bay of Bothnia are mainly represented by a population of herring, which is also the
case in the Halla project area (Jorgensen, et al., 2005) (Saulamo & Neuman, 2002). The salinity in the
Bay of Bothnia is sufficiently low to exclude the otherwise Baltic Sea-adapted populations of cod from
inhabiting it. A number of other marine species such as viviparous eelpout and sand eel may inhabit
the area, though on a limited extent compared to more saline and ideal habitats further south.

Euryhaline species in the Bay of Bothnia include European whitefish, Atlantic salmon, brown trout, and
European eel that all utilize both marine and freshwater environments during their lifecycle (Gross, et
al., 1988). These species are migratory and thus expected to utilize the project area either while
foraging or migrating through it. Additionally, three-spined stickleback and some species of sculpin
are euryhaline despite living their entire life in marine or brackish waters. These species may all be
found in offshore environments and thus in the project area.

The low diversity of fish in the Bay of Bothnia makes the list of commercially exploited species in the
bay short. This is particularly true for offshore areas where commercial fisheries in the Bay of Bothnia
mainly focus on herring and to a lesser extent on European whitefish, vendace and Atlantic salmon
(Soderkultalahti & Raihikainen, 2021) (Mattila, et al., 2022). This has also been the case in more
historical terms (Stephenson, et al., 2001). The commercial offshore fisheries in the Bay of Bothnia
have not seen the same decline as elsewhere in the Baltic Sea over the past decades (Hamrén, 2021).

In conclusion, the environmental characteristics of the Halla offshore project area makes the natural
diversity of fish in it low compared to fully saline Nordic marine habitats outside the Baltic Sea. The
habitat is mainly populated by euryhaline fish species that tolerate a variety of salinities while
conditions are tolerable or preferable for a limited number of marine and freshwater species. The fish
community and the abundance of fish in the project area is comparable to similar offshore areas in
the Bothnian Bay but significantly lower than in near-coastal areas.

2.1.1.  Fish surveys in the project area

A survey with multi-mesh gillnets was conducted at 60 test fishing locations in 4 different sub-areas
(15 test fishing locations in each sub-area) in and around the Halla project area in June 13-23, 2022, to
shed light on the composition of species inhabiting the area. Multi-mesh gillnets is a method
commonly used to provide insights to ecosystem compositions in the Baltic Sea (Bergstrom, et al.,
2016) (HELCOM, 2018). Echosounder surveys were performed in June 27-29 to look for spawning
schools of herring in the four sub-areas. Additionally, echosounder and underwater camera surveys
were performed in five sub-areas within the Halla project area where depths were shallower than 20
m. These combined echosounder/camera surveys were done to map the benthic habitats and assess
their quality as fish habitats. Details regarding the 2022 surveys are described in Happo et al. (2022).

The gillnet survey found 11 species of fish in the project area: Perch, four horn sculpin, Eurasian ruffe,
viviparous blenny, three-spined stickleback, smelt, Atlantic salmon, vendace, European whitefish,
herring and sand eel. Herring, European whitefish, smelt, Eurasian ruffe and four horn sculpin
accounted for 92 % of captured individuals and 94 % of captured biomass caught during the surveys
(Figure 2.2, Figure 2.3). Herring was the dominant species in all sub-areas and accounted for a total of
44 % of biomass caught in the survey and 61 % of individual fish caught in the survey.

The survey found no specimens of European eel and pikeperch, although these fish utilize the area to
some extent.



The catches during the survey were relatively low in terms of both numbers of individual fish (in catch
per unit effort) and number of species compared to similar surveys in near-coastal areas in the
Bothnian Bay (Adjers, et al., 2001) (Adjers, et al., 2006) (Appelberg, et al., 2003).
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Figure 2.2: Catches at the 60 survey locations in the June 2022 survey. Figure translated from Happo et al. (2022).
See Happo et al. (2022) for additional info.

The echosounder survey to look for herring spawning schools on June 27-29, 2022, found no
spawning schools. A number of small schools of herring were observed close to the bottom on June
29", The herring caught in the gillnet surveys were dissected to observe their spawning-readiness.
None of the dissected individuals were in a condition suggesting that they were ready to spawn
(Happo, et al.,, 2022). A short field survey in the area in August also did not observe spawning schools
or other observations suggesting that herring were spawning in the project area. Information
provided by commercial fishers, however, suggests that herring may spawn in the shallow parts of the
Halla project area (Mattila, et al., 2022).

The echosounder and camera surveys of the benthic substrate and structure found no benthic
vegetation in the project area. Benthic substrate types were mainly rocks, gravel and sand (Happo, et
al., 2022).
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Figure 2.3: Location and distribution of the catches in the four sub-areas. Figure translated from (Happo, et al,
2022). See (Happo, et al, 2022) for additional info.

2.2.  Main fish populations in the project area

The following chapter describes the main fish species inhabiting the Halla project area, their
conservation status, and the importance of the project area for them. The 11 species that were caught
in the 2022-surveys are included.

2.2.1.  Herring

Baltic herring are brackish water-adapted Atlantic herring with a number of reproductively isolated
populations that spawn in different parts of the Baltic Sea (Jorgensen, et al., 2005) (Lamichhaney, et al.,
2012). The herring population inhabiting the Bay of Bothnia is less migratory than its neigh boring
populations, and Bothnian herring individuals usually spend their entire lifecycle within the bay
(Saulamo & Neuman, 2002). Herring feeds mainly on different types of zooplankton, though other
food items such as fish eggs may also be consumed (Arrhenius & Hansson, 1993) (Kdster, 2000). Baltic
herring spawn in shallow waters on a variety of substrates, though soft sediment bottoms are avoided



(Aneer, 1989). It is a pelagic species that is frequently found in offshore areas such as the Halla project
area where it was also abundant during the 2022 survey (Happo, et al,, 2022). Herring tends to form
schools and seek out deeper waters during daytime likely as a means of protection from predation as
herring themselves are a preferred food item for several species of fish, birds and mammals (Nilsson,
et al.,, 2003). Herring is a key species in the Bay of Bothnia ecosystem.

The Bay of Bothnia-population of herring is considered healthy and assessed to be the largest
population in the Baltic Sea at the moment, following a recent decline in other Baltic herring
populations, mainly due to overfishing (Hamrén, 2021). The population is, however, managed with
scarce information about population size and recruitment. The fishing quota for Baltic herring in the
Bay of Bothnia was almost doubled from the 2020 level in 2021 and 2022 as a consequence of a new
ICES stock assessment method (Hamrén, 2021) (S6derkultalahti & Raihikainen, 2021). The
consequences of this for the population status are still unknown. The abundance of herring in the area
in the 2022 survey suggests that herring use the area as a foraging area and as a migration corridor,
like other marine areas of the Bay of Bothnia.

Waters in the Halla project area have variable depths with a maximum depth of approx. 60 m. Despite
its offshore location, 17 % of the area is 12 - 20 m deep and thus sufficiently shallow to act as a
potential spawning area for herring in summer and autumn when temperatures are high (Happo, et
al., 2022). As mentioned, local fishers report that the area may, indeed, function as a spawning habitat
for herring in summer and autumn (Mattila, et al., 2022). This is also the case for a shallow area with
depths <10 m that is located 3-5 km east of the project area. The extent of actual spawning in the
project area is, however, not well quantified. Herring captured during the June 2022-survey were not
prepared to spawn, and no spawning schools were observed in the Halla area during summer (Happo,
et al.,, 2022). Mapping of herring spawning areas conducted by HELCOM, indicates that the shallow
area east of the project zone is a potential spawning habitat for herring (HELCOM, 2023), but that the
project area itself is not (Figure 2.4). Most of the coastline and shallow areas in the Bay of Bothnia
represent spawning areas for herring, which, in part, is what makes the species resilient to fishing
pressure and other stressors (Fishsource, 2023).

R ° e BB

Figure 2.4. Mapping of herring spawning areas in the northern Bay of Bothnia (left panel) and Baltic Sea (right
panel). Dark blue represents important spawning areas, light blue represents moderately important spawning areas
and white areas are not reported as suited for herring spawning. The Halla project area is located west of the light
and deep blue spots offshore, due west of Hailuoto Island. Data from HELCOM (2023).



In conclusion, the entire project area may serve as a foraging area for herring, like other offshore
areas. Shallow parts of the Halla project area may represent spawning areas for herring, though of low
importance in overall terms, while shallow areas 3-5 km east of the project boundary may represent
spawning areas of moderate importance. The importance of the Halla project area is therefore
assessed as medium for herring.

2.2.2.  Four horn sculpin

Four horn sculpin is a euryhaline fish, tolerating a large spectrum of salinities, and it can be found in
both marine environments and freshwater systems (Fishbase.se, 2023). There are landlocked
populations of four horn sculpins in Sweden and Finland. Four horn sculpin avoids temperatures
above 10° C and can tolerate very low temperatures due to anti-freeze proteins in the blood
(Yamazaki, et al., 2018) (NatureGate, 2023). It is a benthic, sedentary species that feeds on small fish
and invertebrates (HELCOM, 2013). Spawning takes place during winter, typically in shallow waters,
and the adult individuals move back into deeper waters as water temperatures increase during spring
and summer (NatureGate, 2023).

There is little commercial and recreational interest for four horn sculpins, and knowledge on the
population sizes and dynamics of the species in the Bay of Bothnia is scarce. Four horn sculpin is
classified as Least Concern (LC) in the Baltic by HELCOM, and there are no identified threats to the
species in the Bay of Bothnia area (HELCOM, 2013).

The shallow parts within the Halla project area and the shallow areas 3-5 km east of the project area
represents a possible spawning habitat for four horn sculpin, and the majority of the project area is a
potential foraging habitat for the species (Happo, et al., 2022). The area is not likely to constitute an
area of particular importance for the species compared to the region in general. The importance of
the project area is therefore assessed as medium for four horn sculpins.

2.23. Smelt

Smelt prefers cold and well-oxygenated water and is widespread in the Bay of Bothnia. The species is
common in coastal waters but the most important marine smelt stocks are found in areas where water
of low temperature and relatively high oxygen content persists year round, typically in the
neighbourhood of large estuaries and lagoons (Shpilev, et al., 2005). Smelt spawns in rivers, bights,
and inlets where water temperatures are higher, In the Finnish Bothnian Bay-areas, the spawning
conditions for smelt are particularly favourable close to shore (CHM, 2019). Smelt diet consists of a
mixture of invertebrates and fish (Taal, et al., 2014).

Smelt is a target for the commercial fisheries and smelt landings in Finland have doubled or
quadrupled to record levels above 2.000 t in 2019 to 2021 compared to pre-2018 levels (LUKE, 2023).
There is limited knowledge about the health of the smelt stock in the Bay of Bothnia.

A total of 241 smelt were caught in the four sub-areas during the 2022-survey (Happo, et al., 2022).
Smelt were numerous in the catches from each sub-area, and the Halla project area is likely utilized for
foraging and as a migration corridor by smelt during summer. The area is too far offshore to act as a
spawning habitat for smelt, and it is not mapped as a smelt spawning habitat by the National
Resources Institute Finland & VELMU programme (CHM, 2019). The importance of the Halla project
area is therefore assessed as low to medium for smelt.

2.2.4. Vendace
Vendace is a small salmonid fish that typically inhabits deep and oligotrophic lakes in Western and
Northern Europe but is also found in the least saline areas of the Bay of Bothnia (Lopez, et al., 2022). It



is limited to residence in waters with salinities below 2-3 PSU. Vendace spawns from October to
December in river estuaries and shallow coastal areas and is known for its strong and unpredictable
stock fluctuations caused by large fluctuations in recruitment (Lehtonen & Himberg, 1992). Vendace
feed on zooplankton or larger prey items such as insects and fish fry. The migrations of vendace are
only scarcely known in the Bay of Bothnia, but natal homing where adult individuals return to spawn
in their area of origin may occur (Enderlein, 1986).

The commercial fishery for vendace is economically important in both Sweden and Finland. The fishery
for vendace is practically managed as two different stocks (a Swedish and a Finnish), although the
stock composition is complex and likely consists of a number of sub-populations (Bergenius, et al.,
2011) (Lehtonen, 1982) (Lopez, et al., 2022). The stock size has not been monitored in the Finnish
waters until recently, but vendace landings have gradually increased in Finland from a low point
around or below 100 t in 1980-2000 to 373 t in 2021 (LUKE, 2023). The fishery takes place during
September and October before the spawning period.

A total of 7 vendace were caught in sub-areas A, B and D during the 2022-survey in the Halla project
area (Happo, et al., 2022). Vendace may utilize the project area for foraging and as a migration
corridor. The shallow parts of the Halla project area may be used for vendace spawning to some
extent, though likely on a limited scale compared to the main spawning areas of the species in more
near-coastal environments and rivers (Mattila, et al., 2022). The overall importance of the Halla project
area is therefore assessed as low to medium for vendace.

2.2.5. European whitefish

European whitefish inhabiting the brackish Baltic Sea and its freshwater tributaries is an ecologically
and economically important fish, forming both sea-spawning and freshwater-resident forms (Sérmus
& Turovski, 2003) (Lehtonen, 1982). Spawning takes place during autumn (Veneranta, et al., 2013). The
freshwater form spawns in rivers with various discharge rate (Larsson, et al., 2013), while the spawning
areas of the sea-spawning form are mostly located in shallow bays with sandy, stony and/or gravely
bottom (S6rmus & Turovski, 2003). European whitefish feed on zooplankton and invertebrates.

European whitefish populations are under pressure in the Baltic Sea (Veneranta, et al., 2013), and
Finnish commercial catches of whitefish reached a record-low of 329 t in 2021 (LUKE, 2023). The
decline of the species is linked to overfishing, eutrophication of mainly coastal areas and restricted
access to spawning grounds (for the freshwater spawning form) (Verliin, et al., 2011).

Whitefish can be highly migratory and traverse large parts of the Baltic Sea during their feeding
migrations (Lehtonen & Himberg, 1992). The Halla project area and similar offshore areas are thus
potential foraging habitats or migration corridors for whitefish. A total of 79 individuals were caught in
the four sub-sections in and around the Halla project area during the 2022-surveys, confirming that
whitefish do migrate through or forage in the area, though abundances are likely higher in more near-
coastal environments (Happo, et al., 2022). Whitefish spawning occurs in freshwater or coastal
environments. Shallow parts of the Halla project area may be used for whitefish spawning to some
extent, though likely on a limited scale compared to the main spawning areas of the species in more
near-coastal environments and rivers (Mattila, et al., 2022). The importance of the Halla project area is
therefore assessed as low to medium for European whitefish.

2.2.6.  Eurasian ruffe

Ruffe is common in coastal areas of the Bay of Bothnia (Appelberg, et al., 2003) (Appelberg, 2012)
(Kagevall, 2008). It is a highly fecund and short-lived species with an adult size of 20 cm (Fishbase.se,
2023). It can tolerate salinities up to 10-12 PSU and prefers soft bottom sediment or deeper waters



with sand or gravel bottom. Ruffe mainly feed on benthic invertebrates in deeper, coastal areas, but
migrate into shallow and warmer waters to spawn during spring (Kottelat & Freyhof, 2007) (Ravinet, et
al,, 2010).

Ruffe is not a target species for commercial or recreational fisheries, and stock size and health of the
species is scarcely known in the Bay of Bothnia.

A total of 84 ruffe were caught in sub-areas A, B and D in and around the Halla project area during the
2022-survey, while no ruffe were caught in sub-area C in the centre of the project area (Happo, et al,,
2022), see Figure 2.3 for location of the sub-areas. Ruffe prefers shallow areas, and the project area is
therefore not likely to be a foraging area of particular importance for ruffe, although the shallow parts
of the project area (where the 2022-survey was done) may attract some adult individuals during
summer. Also, Ruffe spawns in waters less than 3 meters deep and the area is not likely to constitute a
spawning habitat for the species either, though the shallow areas 3-5 km east of the Halla project area
could potentially be used for ruffe spawning. The importance of the Halla project area itself is
therefore assessed as low to medium for ruffe.

2.2.7. Perch

Perch is one of the most widespread and commonly occurring fish in Northern-European freshwater
systems and in coastal areas of the Bay of Bothnia (Appelberg, 2012) (Kottelat & Freyhof, 2007). Perch
is often found in large numbers of relatively limited individual fish size <10 cm feeding on
zooplankton and invertebrates, but perch can grow into large piscivorous fish with individual sizes up
to 60 cm (Kottelat & Freyhof, 2007). Perch spawn in late spring in shallow, sheltered and vegetation-
rich areas, and suited spawning areas are widespread in near-coastal environments of the Bay of
Bothnia (CHM, 2019). Perch may move into pelagic areas. In the Bay of Bothnia this occurs during
summer when temperatures increase in the open areas (Happo, et al., 2022).

Perch is used for human consumption, and the species is targeted by recreational fisheries (mainly rod
and line) and small-scale commercial fisheries typically utilizing passive fisheries methods such as
gillnets (Mattila, et al., 2022) (Fishinginfinland.fi, 2023). The stock size and health of the species is not
subjected to close monitoring, but the widespread spawning and growth habitats utilized by the
species makes it robust to external pressure factors. Perch populations in the Baltic Sea in general
have a stable or increasing population size trend (Olsson, 2019).

A single perch was caught in sub-area A (just outside the Halla project area) during the 2022 fish
survey (Happo, et al,, 2022). The abundance of perch in the area, however, increased significantly in
August when water temperatures had increased. The project area is too deep, cold and vegetation-
poor to be a suitable spawning habitat for perch, but the area can be utilized for foraging by some
individuals during summer as reflected in the catches during the fish survey. The importance of the
Halla project area is therefore assessed as low for perch.

2.2.8. Sand eel

Sand eel are a group of species widely distributed in Nordic marine and brackish areas (Fishbase.se,
2023). Sand eel are short-lived plankton feeders with high fertility, that spawn at 20-100 m depth on
sandy substrates during summer (Eurofish, 2022). Sand eel are benthic and tend to form schools when
not buried in the sand, which they often do during daytime or when stressed by predators. The Bay of
Bothnia is not normally considered an important habitat for sand eel (Fishbase.se, 2023). Spawning
was, however, observed to have taken place in the Suurhiekka offshore wind farm area north-east of
the Halla area (Vatanen, et al., 2009).



Sand eel are an important prey species for birds, mammals, fish, and humans, which use the fish for
industrial products such as fishmeal and -oil (Eurofish, 2022). Fishing pressure is high in other areas
such as the North Sea, but sand eel are not targeted specifically by commercial fisheries in the North-
eastern Bay of Bothnia (Mattila, et al., 2022). The status of sand eel stocks in the area is unknown, and
findings of sand eel are sporadic.

One sand eel was caught in sub-area C during the 2022 fish-survey (Happo, et al., 2022). Sand eel are
not normally caught by fishers in the area, and it is uncertain to what extent sand eel utilize the Halla
project area (Mattila, et al., 2022). As sand eels tend to form large schools when present in an area, the
finding of a single individual suggests that this could have been a straying individual. The Halla area
contains sandy bottom substrates and suitable depths (Happo, et al., 2022) and could support sand
eel spawning as seen in the nearby Suurhiekan project area (Vatanen, et al.,, 2009). The importance of
the Halla project area is therefore assessed as low, although this assessment is based on a high level
of uncertainty.

2.2.9. Three-spined stickleback

Three-spined stickleback is a relatively small (5-10 cm as adult) species that spawns in shallow, near-
coastal areas but migrate into the open sea when they grow >35 mm where they spend the majority
of their lifetime (Bergstrom, et al., 2015). Stickleback feeds on zooplankton and small fish.

Stickleback has seen a surge in numbers during the past decades in the Baltic Sea (fourfold in the
Bothnian Sea and up to 50-fold further south in the Baltic Sea) as temperatures in the sea has
increased the productivity of the species while the abundance of large predatory fish has decreased
due to fisheries and predation from seals and cormorants (Bergstrom, et al.,, 2015) (Lefébure, et al.,
2014). This has reached an extent where stickleback now hinders an increase in abundance of large
predatory fish such as pike, perch, and cod in some areas by eating juvenile offspring from these fish
(Eklof, et al., 2020). Stickleback is a low-price species that attracts little interest from commercial
fishers and is mainly landed as bycatch from trawlers (LUKE, 2023). The conservation status of
stickleback is thus a paradox where the species has increased its abundance more than what is
optimal from an overall ecological viewpoint, and initiatives to decrease the stickleback population are
therefore being initiated (BalticSea2020, 2021).

Two sticklebacks were caught in sub-area D during the 2022 fish survey in and around the Halla
project area (Happo, et al., 2022). The actual stickleback abundance is underestimated by the gear
method as argued by the authors of the survey report. Abundance of stickleback in the project area is
smallest during spring when the fish migrate into coastal areas to spawn. The project area is too far
offshore, too deep and vegetation-poor to be suited for stickleback spawning, but it is a suited
foraging area and a migration corridor for adult sticklebacks like other offshore areas in the Bay of
Bothnia and Baltic Sea in general. The Halla project area is therefore assessed to be of low to medium
importance for stickleback.

2.2.10. Viviparous eelpout

The viviparous eelpout or viviparous blenny is a benthic species that inhabits rocky shores and tide
pools or shallow habitats usually less than 15 metres deep (NatureGate, 2023). It is widespread in
Northern European marine waters, though less abundant in the low salinities of the northern Bay of
Bothnia (Fishbase.se, 2023). It feeds on invertebrates, eggs and fish fry and spawn in July-August in
shallow areas.



Eelpouts are not fished commercially, except as bycatch, and the species is not monitored for fisheries
management purposes (ICES, 2018). The conservation status of the species is unknown in the Bay of
Bothnia, but abundance is limited since the area is on the limit of the salinity tolerance of the species.

A total of 9 eelpout were caught in sub-areas A, B and D during the 2022 fish survey (Happo, et al.,
2022). Eelpouts are sedentary, and individuals inhabiting the project area are unlikely to migrate into
more suitable habitats in coastal regions to spawn (Hedman, et al,, 2011). The shallow parts of the
project area are thus likely to act as both spawning and foraging habitat for a small population of
eelpout. The area is, however, on the limit of eelpout distribution due to a combination of low salinity
and a deep, offshore location, and the Halla project is therefore insignificant for eelpout in general.
These things combined mean the importance of the Halla project area is assessed as low for eelpout.

2.2.11. Atlantic salmon

Atlantic salmon spawn and initiate their lifecycle in freshwater but acquire most of their body weight
during feeding campaigns in the open sea (Aas, et al.,, 2011). Individuals from Baltic populations stay
within the Baltic Sea and form a mixed stock within the sea until individuals return to spawn in their
natal rivers (Jutlia, et al., 2003) (Kallio-Nyberg & Ikonen, 1992). Salmon are pelagic and migrate close
to the surface in the open sea, while dives to the seabed or thermocline are performed for foraging or
navigational purposes (Reddin, et al., 2011). Salmon feed on fish, with herring being one of the most
important prey items for the species in the Baltic Sea (Salminen, et al., 2001) . The most important
foraging areas for salmon are located in the southern Baltic Sea (Jacobson, et al., 2020).

Atlantic salmon populations in the Baltic Sea are under pressure, due to reduced access to spawning
grounds in the rivers or worsening ecological conditions there (Kautsky & Kautsy, 2000). Restrictions
are therefore being imposed on the recreational fishery for salmon in the Baltic Sea (Alliance, 2022).
Commercial landings of salmon in Finland were 200.000 kgs in 2021, mainly from fisheries south of
the Bay of Bothnia. Landings of salmon have seen a decreasing trend in Finland, though the fishery is
still important due to the high market price of salmon (Séderkultalahti & Rahikainen, 2022).

One salmon was caught in the centre of the Halla project area during the 2022-fish survey (Happo, et
al, 2022). The project area represents a possible foraging area and migration corridor for Atlantic
salmon as they traverse the Baltic Sea, but the area is not a potential spawning area, as salmon
spawning occurs in rivers. Salmon appear to migrate to more preferable feeding areas in more
southern parts of the sea (Jacobson, et al., 2020), and some individuals may migrate through the Halla
project area during this migration, as reported by commercial fishermen (Mattila, et al.,, 2022). The
project area is therefore not likely to be a particularly important foraging area for salmon, although its
main prey item, the herring, is present. The Halla project area is therefore assessed to be of low
importance for Atlantic salmon.

2.2.12. Other species

The Halla project area may be utilized to some degree by a number of other species including
grayling, roach, bream, pike, pikeperch, and sea trout, although these were not caught during the
2022-survey. These species, among several others, occur around the coastal areas of the Bay of
Bothnia from where they may move into or through the bay occasionally (Appelberg, 2012) (HELCOM,
2018) (Saulamo & Neuman, 2002). The project area is, however, not likely to constitute a necessary
habitat for these species, and its importance for these species are therefore not assessed further.

2.2.13. Overall assessed importance of the area as fish habitat
The Halla project area is unsuited or assessed as an unpreferred and sub-optimal spawning habitat for
most species utilizing it. Herring, vendace, European whitefish, viviparous blenny, sand eel and four



horn sculpins may spawn in shallow parts of the project area to some extent, though likely on a
limited scale compared to the main spawning areas of the species in more near-coastal environments
or further south in more saline waters. The area is unsuited as spawning habitat for most fish species
because the project area is too far offshore, most of it is too deep and the water temperatures are too
cold to function as spawning habitat compared to the warmer and more shallow coastal
environments. The project area is utilized for foraging and to some extent also as a migration corridor
for a number of species, including whitefish, smelt, salmon and vendace. The importance of the Halla
project area as spawning habitat for fish is therefore assessed as low, while the importance of the
project area as foraging habitat and migration corridor is assessed as low to medium for fish.

Shallow areas located 3-5 km east of the Halla project area may represent a more suited spawning
area for herring and four horn sculpin and may also be used for spawning by Eurasian ruffe, vendace,
viviparous blenny, and European whitefish. The area is, however, too far offshore to represent an
important spawning habitat for most species inhabiting the area. The importance of this area as
spawning habitat is assessed as medium. Likewise, its importance as a foraging habitat and migration
corridor is also assessed as medium.

Most suited spawning areas for species present in the north-eastern Bothnian Bay, are in near-coastal
environments >20 km to the east of the Halla project area. These areas also represent more suited
foraging areas for most species.

3. Marine mammals - baseline description

This chapter contains background information on the two resident marine mammal species, grey seal,
and ringed seal, in the Bay of Bothnia that may occur in and around the project area for Halla OWF.
The Baltic proper harbour porpoise may occur sporadically in the wind farm area (Naturhistoriska
riksmuseet, 2022), however the area is located outside the distribution area for the population
(NAMMCO-North Atlantic Marine Mammal Commission, 2019) and the Bothnian Bay is in general
considered to be of low importance for the species (Sveegaard, et al., 2022). Harbour porpoise is
therefore not considered further.

3.1.  Grey seals

The grey seal (Halichoerus grypus) is found along the eastern and western coasts of the North Atlantic
Ocean. Grey seals in Finnish waters belong to the Baltic grey seal population (Halichoerus grypus
grypus) (HELCOM, 2018b; Olsen, et al., 2016). Grey seals occur in the entire Baltic Sea and are
depended on coastal waters, where there is plenty of food and undisturbed haul-out sites (Galatius,
2017). They feed on a wide variety of fish and the diet varies with location, season, and prey
availability (HELCOM, 2013a). Grey seal haul-out sites in the Baltic Sea are shown in Figure 3.1. The
closest haul out site to the project area of Halla OWF is located more than 20 km east of the project
area at the island Hailuoto.
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Figure 3.1: Grey seal haul-out sites in the Baltic Sea and Kattegat and the Halla OWF project area (Black polygon).
The map includes all currently known haul-out sites. Modified from (HELCOM, 2018a).

The Baltic grey seal gives birth in February and March (Harkdnen, et al., 2007). Pupping in the Baltic Sea
takes place mostly on drift ice although in some areas seals also give birth on land during years of
insufficient sea ice coverage (JUssi, et al., 2008).. The pup is born with a lanugo coat (not water-resistant),
which it will moult after 2-4 weeks for a shorter adult-like coat. The pup is nursed for about 15-18 days.



Grey seals also moult on ice and at the haul-out sites from April-June and spend much time on land at
the haul-out sites in that period (HELCOM, 2013a). Grey seals usually use specific corridor areas to travel
between their foraging areas offshore and their haul-out sites on land (Jones, et al., 2015). They may
travel long distances and the presence of grey seals in an area does not necessarily mean that the
individual depicts strong site fidelity for the given area (McConnell, et al., 2012; Galatius, 2017).

3.1.1.  Grey seal conservation status

Grey seal is a protected species listed in Appendix Il and Appendix V of the EU Habitats Directive and
Appendix Ill of the Bern Convention. A limited number of grey seals are hunted under quotas in
Finland (Finnish Ministry of Agriculture and Forestry, 2007) and Sweden (Havs- och
Vattenmyndigheten, 2012). The actual numbers of seals that are hunted have always been far below
the quota and the highest number in Finland was 632 in 2009, while in Sweden it was 132 in 2008
while (HELCOM, 2014).

The grey seal population in the Baltic Sea declined in the 1970s, with numbers as low as 3,000
individuals. The population is now recovering after a century of bounty hunting and 3 decades of low
fertility rates caused by environmental pollution. Population increase is calculated from aerial counts
at the important haul-out sites and the Baltic population reached a growth rate of 10-12% per annum
during the early 2000s, but the growth rate has slowed to about 6% in recent years. Counted numbers
fluctuate annually due to weather and other factors, however clear increasing trends in populations
can be observed in all parts of the Baltic Sea. The decrease in population growth indicates that the
population has approached the carrying capacity in the Baltic Sea (HELCOM, 2018b). The population
estimate for the Baltic Sea population is at present between 52,000-69,000 individuals (Suuronen, et
al., 2023) and according to the Red list of Finnish species from 2019, the grey seal population in the
Baltic Sea is classified as of least concern (LC) (Ymparistoministerid & Suomen ymparistokeskus, 2019).

3.1.2. Importance of the Halla OWF area for grey seals

The HELCOM distribution map (Figure 3.2) shows that the Baltic grey seals use the project area for
Halla OWF for both regular occurrence and reproduction. Possible reproduction in the project area
will however highly be dependent on the extent of sea ice coverage. Quantitative data of the relative
importance of the project area to the grey seals are not available.
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Figure 3.2: Distribution map of grey seals in the Baltic sea with the Halla project area (black polygon) modified from
HELCOM (HELCOM, 2013).



The project area for Halla OWF is located approximately 20 km west of the nearest haul-out site for grey
seals at Hailuoto. As the project area is located relatively close to several grey seal haul-out sites, it is
expected that the grey seals use the project area all year round and that the area potentially is used as
a foraging area or migration corridor between the haul-out sites in the northern part of the Bay of
Bothnia and the haul-out sites in the southern part of the Bay of Bothnia close to Aland islands. The
area is not considered an important feeding area for grey seals as the Halla project area is fish species-
poor and is unsuited or assessed as an unpreferred spawning habitat for most fish species utilizing it
(see section 2.2.13). The area is therefore assessed to be of low to medium importance for the Baltic
grey seal.

3.2. Ringed seals

The ringed seal (Pusa hispida) is the most common seal in the Arctic. Ringed seals found in the project
area for Halla OWF belong to the geographically isolated Baltic sub population (Phoca hispida botnica)
(HELCOM, 2013b). Ringed seals have been surveyed during the moulting season since 1988 and the
highest concentrations have always been in the central northern part of the Bay of Bothnia (HELCOM,
2018b). Around 70 % of the Baltic ringed seal population inhabits the Bay of Bothnia in the
northernmost part of the Baltic Sea and the rest are found in the Gulf of Finland (5%) and Gulf of Riga
(25%) (Harkonen, et al.,, 2014). Ringed seals feed on a wide variety of small fish and invertebrates
(HELCOM, 2013).

The winter distribution of ringed seals is highly linked to the extent of sea ice that is suitable for
building lairs. The highest concentrations of ringed seals are therefore found in broken consolidated
ice that trap snow heaps. Females give birth to their pups in the lairs and formation of this type of ice
is critical for the breeding success of this species (HELCOM, 2018a). The extent and quality of ice show
considerable inter-annual variation in the Bay of Bothnia, but there has been a significant reduction in
the formation of sea ice in the area since 1970s compared to historical data. Climatological modelling
further predicts a decrease in sea ice formation and shorter ice-covered seasons in the future. This will
result in the extinction of the ringed seal subpopulation in the Gulf of Riga and severely reduce the
population growth rate in the Gulf of Finland and the Bay of Bothnia (Sundqvist, et al., 2012).

Data from Baltic ringed seals tagged with satellite transmitters have provided information on
distribution of ringed seals in the Bay of Bothnia. During summer, seals spend about 90 % of their
time in water — feeding, travelling and resting. Data show that some ringed seals stay in the basin
where they were tagged (see Figure 3.3). However, the study also shows that some animals move long
distances of several hundreds of kilometres during the post-moulting season (Oksanen, et al.,, 2015).
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Figure 3.3: Movement of 26 ringed seals belonging to the Baltic sub population during August to May in 2011-2014.
(a) movements during the whole tracking period. (b) movements during the breeding period (Oksanen, et al,, 2015).

Based on the movement data from the 26 tagged ringed seals, important foraging areas for ringed
seal were identified. Two clusters of ringed seal foraging "hot spots” were identified, and one is
located southwest of Halla OWF in the Quark and the other cluster is in the most northern part of the
Bothnian Bay and partly overlaps with the project area for Halla OWF. Observations of ringed seals
during the most recent aerial counts in the Bothnian Bay from 2018, 2019 and 2020 are shown in
Figure 3.4
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Figure 3.4: Counted ringed seals belonging to the Baltic sub population in 2018, 2019 and 2020. The aerial surveys
were conducted in April for all years (modified from Havs- och vattenmyndigheten och SMHI).

As can be seen from the latest counts of ringed seals in the Bothnian Bay only few seals were
observed in the Halla OWF.

3.2.1. Ringed seal Conservation status
Ringed seal is a protected species listed in Appendix Il and V of the EU Habitats Directive and
Appendix Ill of the Bern Convention.

Hunting and reproductive problems due to environmental pollution caused the population to collapse
from approximately 200,000 to only about 5,000 individuals during the 20t century. Due to the
protection of the seals and decrease in organochlorine concentrations the ringed seal population in
the Bay of Bothnia management unit has been increasing at a rate of 4.5% per year since 1988 and
during 2003-2016 the growth rate was 5.9 % per year (HELCOM, 2018b). The population size is



estimated to 11,500 with an increasing trend (Harkdnen, 2015). However, surveys during exceptionally
mild winters in recent years, revealed that the population size most probably exceeds 20,000 animals
in the Bay of Bothnia (HELCOM, 2018b).

As the population of ringed seals in the Bay of Bothnia is recovering, both Finland and Sweden have
re-introduced hunting in the area, with a yearly quota to take approximately 300 ringed seals
(summing both countries together) (WWF, 2017).

According to the international IUCN red list of threatened species, the ringed seal is listed as least
concern (LC). However, according to the Red list of Finnish species from 2019, the Baltic ringed seal
population is classified as vulnerable (VU) (Ymparistoministerio & Suomen ymparistokeskus, 2019) and
climate induced changes are foreseen to be a future challenge to ringed seals, because of their
dependency of ice during the breeding season (HELCOM, 2013b).

3.2.2. Importance of the Halla OWF area for ringed seals

The HELCOM distribution (Figure 3.5)shows that the Baltic ringed seals use the project area for Halla
OWEF (Regular occurrence and reproduction). Breeding in ringed seals is highly linked to ice coverages
and therefore breeding ringed seal most likely occurs in the project area for Halla OWF in winters
where the project area is covered with ice. Halla OWF is in an area where ice concentrations of 75-100
% may occur during winter which makes it a suitable breeding area for ringed seals. The foraging of
Baltic ringed seals is mostly concentrated to shallow areas near the mainland and based on the
movement data from the tagged ringed seals in the Bothnian Bay, the project area for Halla OWF
overlaps with foraging areas for ringed seals. As the project area is fish species-poor and is unsuited
or assessed as an unpreferred spawning habitat for most fish species utilizing it (see section 2.2.13) it
is not considered to be a particularly important foraging area for Baltic ringed seals but likely
constitute a part of a larger foraging area. The project area for ringed seals in the Bothnian Bay is
therefore assessed to be of medium importance for the Baltic ringed seal.
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Figure 3.5: Distribution map of ringed seals in the Baltic sea with the Halla project area (black lines box) modified
from HELCOM (HELCOM, 2013).



3.3. Existing pressures - seals

One of the main threats for seals is entanglement in fishing gear (by-catch), however it does not
appear to pose a threat to the seal population (Herrmann, 2013). Fishing also has an indirect effect on
seals as fishing reduces their main food source (ASCOBANS, 2012).

Seals, particularly in the Baltic Sea, are still exposed to high levels of pollutants such as lipophilic
compounds including polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT) and
other organic substances as well as heavy metals (Sgrmo, et al., 2005). Contaminants accumulate in
these animals through their prey items. DDT and PCBs especially cause reproductive problems in the
Baltic Sea (Herrmann, 2013). Only little is currently known about the precise impact of pollutants on
seals. Potentially, they can attack the lymphatic system, the endocrine system (e.g., the thyroid gland)
and enzymes, thereby permanently damaging the animals (Sgrmo, et al., 2005). Negative effects of
various heavy metals on the immune system have been shown in North Sea seals (Kakuschke, et al.,
2009).

Noise pollution from shipping, construction of offshore wind farms, and seismic surveys is a further
level of pollution that may affect seals in the Baltic Sea. In addition, habitat loss due to coastal
development, eutrophication and climate change that cause an increase in water temperature affect
the organisms in the Baltic Sea. Particularly the Baltic ringed seal can be affected by climate changes
leading to warmer winters with less ice and snow, which is crucial for the breeding success of this
species (HELCOM, 2013).

4. Impact assessment - Underwater noise during construction

During construction, the most significant environmental impact on fish and marine mammals, is
underwater noise from installation activities (e.g., pile driving) and shipping traffic (Madsen, et al,,
2006). Pile driving is assumed to have the most disturbing effect on marine animals as it can
potentially cause masking of communication signals, avoidance responses, temporary (TTS) and
permanent (PTS) hearing threshold shift, and in the worst-case acoustic trauma to non-auditory tissue
(Madsen, et al., 2006). The underwater noise from pile driving can also cause a temporary habitat loss
which causes fish and marine mammals to be displaced from the area where pile driving is taking
place as well as the surrounding area that is impacted by underwater noise.

4.1.  Impact thresholds for fish and seals

Guidance or threshold values for regulating underwater noise during construction of OWFs (pile
driving) have been developed by several different countries and international organizations. There are
different approaches in the different countries when it comes to assessing impacts from pile driving
on marine mammals and fish. The project area is in the Finnish EEZ, and Finland does not have
established guidelines for underwater noise from the impact of pile driving. Therefore, the used
thresholds for fish and seals are defined from other countries guidelines and explained in the
following sections.

4.1.1.  Applied threshold for fish
Fish eggs and fish larvae are not particularly sensitive to underwater noise and are primarily affected
when underwater noise is so high that it can damage their tissue (Andersson et al.,, 2017).

Juvenile and adult fish have a wide range of hearing capabilities to perceive underwater noise
depending on the species (Fay et al., 1999; Sand & Karlsen, 2000). The most perceptive fish species to
underwater noise are those with swim bladders linked to inner ears, which include clupeids such as the



pelagic species sprat and herring (Popper et al.,, 2014). These species can hear frequencies that span
from infrasound (<20 Hz) up to approximately 8 kHz, however with decreasing sensitivity with
increasing frequency (Enger, 1967; Sand & Karlsen, 2000). Other species, like codfish and salmon, have
swim bladders with less specialized internal connections with inner ears., These species are considered
to be slightly less sensitivity to perceive underwater noise (Chapman & Hawkins, 1973) (Popper, et al.,
2014). These species can hear sound from infrasound up to 500 Hz (Chapman & Hawkins, 1973).
Almost all demersal fish, such as flatfish, have poor hearing capabilities and are not particularly
sensitive to underwater noise (Karlsen, 1992). These and other demersal fish species associated with
seabed habitats such as gobies (Gobidae), sculpins (Cottidae), dragonet etc. have poor hearing
capabilities and low sensitivity to noise. They typically hear in the range from infrasound up to a few
100 Hz (Sand & Karlsen, 2000).

Auditory threshold shift (TTS and PTS)

Specific knowledge of how different fish species react to noise (behavioural responses) is limited and
there is no consensus on behavioural thresholds in fish. Defining one common behavioural threshold
criteria for fish is difficult and can never fit all fishes, since species vary in so many ways. There are
differences in their hearing capabilities and how they respond to stimuli in general (swim away, bury in
the substrate, etc.) that will affect whether a sound at a given level will elicit a response or not.
Moreover, responses to a signal may vary within a species, and even a single animal, depending on
factors such as sex, age, size, and motivation (feeding, mating, moving around a home range, etc.)
Therefore, developing behavioural guidelines are far harder than developing guidelines for
physiological effects especially.

High levels of underwater noise as well as continuous and accumulated noise (SELcum) can result in a
decrease in hearing sensitivity in fish. If hearing returns to normal after a recovery time, the effect is a
temporary threshold shift (TTS). Sound intensity, frequency, and duration of exposure are important
factors for the degree and magnitude of hearing loss, as well as the length of the recovery time (Neo
et. al,, 2014) (Andersson et al,, 2017). Extreme levels of noise from, for example, pile driving can be so
high that they can cause permanent hearing loss (PTS) from damage to tissue and hearing organs
when in the near vicinity of the activity, which can be fatal for fish, fish eggs and fish larvae (Andersson
et al.,, 2017).

Guidelines for temporary hearing loss (TTS) in fish species with a swim bladder involved in hearing,
(e.g. herrings) and fish with a swim bladder that is not involved in hearing (e.g. cod) (Popper et al,,
2014) are given in Table 4.1. Cod do not occur in the project area for Halla OWF, however the
threshold is used to represent other fish with no direct coupling between the swim bladder and the
inner ears like salmons, smelt and whitefish, that all occur in the project aera for Halla OWF.
Thresholds for tissue damage and hearing loss leading to mortality in fish, fish eggs and larvae are
also given in Table 4.1. Fish species without swim bladders (primarily demersal species) including all
flatfish species, are much less perceptive to noise than fish species with swim bladders (primarily
pelagic) and codfish, and it can be expected that actual tolerance thresholds for demersal fish are
higher than pelagic fish. However, because information of threshold values is very limited, the
threshold values for the least tolerant fish species are used for all species including demersal species
in this analysis.

The threshold level where fish begin to experience hearing loss depending on their hearing
capabilities, begins at around 186 dB SELcum for fish least tolerant to noise (Table 4.1). Conservatively,
the noise level where irreversible hearing loss and permanent injuries leading to mortality is set at 204
dB for all fish, and at 207 dB SELcum for fish larvae and eggs.



Assessment of the noise impact on fish, larvae and eggs are all based on frequency unweighted
threshold levels using the metric Lg ¢y 24, @and are presented in Table 4.1. The threshold is adopted
from (Andersson, et al., 2016) and (Popper, et al.,, 2014).

Table 4.1: Unweighted threshold criteria for fish (Andersson, et al., 2016), (Popper, et al., 2014).

Species Swim speed Species specific unweighted thresholds (Impulsive)
[(mys] LE cum,24hunweighted
TTS [dB] Injury [dB]

Stationary fish* 0 185 204
Juvenile Cod 0.38 186 204
Adult Cod 0.9 186 204
Herring 1.04 186 204
Larvae and eggs = = 207

*Fish not fleeing during noise impact

4.1.2.  Applied threshold for marine mammals

As seals are adapted to life both in water and on land, their hearing ability has adapted to function in
both environments. Seals produce a wide variety of communication calls both in air and in water, e.g.,
in connection with mating behaviour and defence of territory. There is limited knowledge of the
underwater hearing abilities of grey and ringed seal. However the hearing threshold of harbour seals
are generally recommended to be used as a conservative estimate of the hearing threshold for those
Phocids (‘true seals’), where the hearing has not yet been as thoroughly investigated (Southall, et al,
2019). Seals hear well in the frequency range from a few hundred Hz up to 50 kHz.

Based on the newest scientific literature, it is recommended that the Lg ¢ym 24n and frequency
weighting is used to assess TTS and PTS. Threshold levels for TTS and PTS are primarily based on a
large study from the American National Oceanographic and Atmospheric Administration (NOAA),
(NOAA, 2018), where species specific frequency weighting is proposed, accounting for the hearing
sensitivity of each species when estimating the impact of a given noise source.

In NOAA (2018) the marine mammal species, are divided into four hearing groups (Southall, et al.,
2019), in regard to their frequency specific hearing sensitivities: 1) Low-frequency (LF) cetaceans, 2)
High-frequency (HF) cetaceans, 3) Very High-frequency (VHF) cetaceans, 4) and Phocid pinnipeds
(PCW) in water. For this project, only the latter is relevant. More details about the hearing groups and
their frequency sensitivities are given in the underwater noise prognosis report (NIRAS, 2023). The
hearing group weighted threshold criteria can be seen in Table 4.2.

There is a general lack of quantitative information about avoidance behaviour and impact ranges of
seals exposed to pile driving noise and the few existing studies point in different directions. During
construction of offshore wind farms in The Wash, south-east England in 2012, harbour seals usage
(abundance) was significantly reduced up to 25 km from the pile driving site during unmitigated pile
driving (Russell, et al., 2016). Based on the results, Russell et al. (2016) suggested that the reaction
distance for seals to unabated pile driving was comparable to that of harbour porpoises. On the other
hand, Blackwell et al. (2004) studied the reaction of ringed seals to pile driving in connection with
establishment of an artificial island in the arctic and saw limited reactions to the noise. As a



precautionary approach, it has been assumed that seals react to underwater noise from piledriving at
the same distance as harbour porpoise.

A literature review of avoidance behaviour and onset threshold levels in Tougaard (2021), included
both studies in captivity where pile driving noise was played back at greatly reduced levels, and field
studies of reactions of wild porpoises to full-scale pile driving. From the review, the conclusion in
Tougaard (2021) is that the behavioural avoidance threshold ranges between L, 155ms = 95 —

110 dBre. 1 pPa, and a suitable single value of Ly, 1,5ms = 103 dB re. 1 uPa VHF-weighted. The single
value is obtained from Band (2016) which includes the largest amount of empirical data. In the present
report, a behavioural threshold for harbour porpoises of 103 dB Ly 1,5ms VHF-weighted is therefore
used, see Table 4.2.

Table 4.2: Species specific weighted threshold criteria for earless seals. This is a revised version of Table AE-T in NOAA
(2018) to highlight the important species in the project area (NOAA, 2018) including behaviour response. "xx" indicates the
weighting function.

Species Species specific weighted thresholds (non-impulsive) Species specific weighted thresholds (Impulsive)
L cum,2anxx L5 cum,24hxx Lp125msynr
TTS [dB] PTS [dB] TTS [dB] PTS [dB] Behaviour [dB]
Seal (PCW) 181 201 170 185 103

Thresholds listed as “non-impulsive,” apply for continuous noise (e.g., ship noise) and whilst impulsive
noise is expected to transition towards continuous noise over distance from the source, this transition
is not expected to occur within the distances at which PTS and/or TTS can potentially occur because of
these activities. For impulsive sources such as pile driving, stricter threshold levels apply as listed in
Table 4.2. Threshold levels for continuous noise are more lenient, than those for impulsive noise, and
use of the impulsive noise criteria, therefore provides conservative distance-to-threshold. The non-
impulsive thresholds will not be considered further in this report.

4.2. Underwater noise from pile driving

Steel monopiles foundations or jacket foundations consisting of 3-4 pin pile are some of the most
common foundation designs in offshore wind farm construction due to their ease of installation in
shallow to medium depths of water. The dominant method used to drive monopiles and pin piles into
the seabed is by hydraulic impact piling (hammering), that cause intense underwater noise levels,
characterized as being of short duration and with a steep rise in energy level (Madsen, et al., 2006;
Bellmann, et al., 2020)". The intensity of the underwater noise from pile driving depends among other
things on the diameter of the monopile. A larger diameter will cause a higher intensity of pile driving
noise (Bellmann, et al., 2020).

To evaluate the impact of underwater noise from pile driving, a detailed underwater noise modelling
has been conducted. Below a short description of the underwater noise modelling is provided as well
as the results from the modelling are presented. For a detailed description see "Halla offshore wind
farm - underwater noise prognosis for construction phase” (NIRAS, 2023). A 3D acoustic model was

' Depending on the substrate type in the project area it can be necessary with pre-drilling before the monopile can be installed in the seabed. In
this case, it is expected that the underwater noise will be significantly reduced compared to pile driving without pre-drilling, especially the
cumulative underwater noise (acoustic energy). It is however, expected that the installation period will be longer as there will be breaks in the
piling activity while the pre-drilling is going on.



created in dBSea 2.3.4, utilizing detailed knowledge of bathymetry, seabed sediment composition,
water column salinity, temperature, and sound speed profile as well as a source model based on best
available knowledge.

The underwater noise modelling used in this report builds on the recommendations from the Danish
ministry of Energy (Energistyrelsen, 2022) as well as the recommendations from the National Marine
Fisheries Service (NMFS) (2018) and Southall et al. (2019). Therefore, the cumulated sound exposure
level (SELcum) is modelled over an estimated period of a complete pile driving of one monopile (as it is
assumed that one pile will be installed per day). Furthermore, the cumulated sound exposure level is
used to estimate the distances where PTS and TTS will occur.

In the calculations it is considered that a soft start procedure will be applied. At the onset of the piling
process, the piling strokes are conducted with low energy. The energy per stroke then increases
gradually until full energy is applied. With increasing amount of energy, the emitted noise increases
slowly, allowing the marine animals to move out of the construction site before the noise becomes
physically dangerous to them. It is also included in the model that the exposed animals will flee from
the noise during piling.

Underwater noise modelling has been conducted for four positions in the project area (see Figure 4.1).
The positions are chosen as worst case positions where the largest underwater noise propagation is
expected. The modelling was conducted for May which is a worst-case regarding sound propagation
(the month with highest sound propagation).
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Figure 4.1: Source positions chosen for sound propagation modelling (NIRAS, 2023).




Underwater sound emission was calculated for an 18 m diameter monopile foundation as well as for a
jacket foundation anchored by 4 x 8 m diameter pin piles.

The installation scenarios are based on a realistic conservative installation procedure in relation to the
needed hammer energy (source level), number of strikes and time required to complete piling and a
realistic generalized soft start/ramp up phase. The technical source model parameters are provided in
Table 4.3 for the monopile foundation scenario, and in Table 4.4 for the jacket foundation scenario.

The pile installation procedure for both foundation types includes a soft start, at 10% of maximum
hammer energy, a ramp up phase, where the energy is gradually increased from 10% - 100%, and a
conservative estimate for the full power phase of the installation with 100% hammer energy.

Table 4.3: Technical specifications and pile driving procedure for scenario 1: 18 m monopile foundation.

Technical specification for scenario 1

Foundation type Monopile
Impact hammer energy 6000 kJ
Pile Diameter 18 m
Total number of strikes pr. pile 10 400

Number of piles per foundation

Pile driving procedure

Name Number of strikes % Of maximum hammer energy Time interval between strikes [s]
Soft start 200 10 2

Ramp-up 400 1000 500 500 800 2400 10 20 40 60 80 60 121212121212

Full power 4600 100 3.2

Table 4.4 Technical specifications and pile driving procedure for scenario 2: Jacket foundation with 4x8m pin piles.

Technical specification for scenario 2

Foundation type Jacket
Impact hammer energy 6000 kJ
Pile Diameter 8m
Total number of strikes pr. pile 10 400
Number of piles per foundation 4

Pile driving procedure

Name Number of strikes % Of maximum hammer energy Time interval between strikes [s]
Soft start 150 10 2

Ramp-up 700 1000 500 500 1000 10 20 40 60 80 1212121212

Full power 6 550 100 2.6

For both monopile foundation, and jacket foundation, a Double Big Bubble Curtain (DBBC) mitigation
effect was included. Modelling without a noise abatement system was not included as pile driving
without noise mitigation measures is not considered a feasible scenario. It is important to emphasize




that even though a specific noise mitigation system has been applied in the underwater noise
modelling (showing that is possible with the available mitigation solutions to provide significant
mitigation of the underwater noise), installation will not be bound to the suggested mitigation system.
The installation will occur in the future (in a few years) and now, the technological development
regarding mitigation systems related to pile driving is moving at a fast pace. Therefore, other
mitigation solutions and/or more efficient mitigation solutions might be available at the time of
installation. If other types of mitigation solutions are applied, they must be sufficiently effective to
prevent the modelled impact distances from being surpassed as the impact assessment within this
report is based on the modelled impact distances.

4.2.1.  Pile driving results

Based on the modelling, installation of a monopile causes the longest impact ranges for fish and the
following assessment on fish is based on installation of a monopile as it is the worst-case situation.
(NIRAS, 2023). The results that are used for fish impact assessment are shown in Table 4.5.

Table 4.5: Resulting threshold impact distances for fish using DBBC on an 18 m monopile respectively for the worst-
case month of May.

Position Distance-to-threshold
Injury (rinjury) TTS (ITs)
Fish Larvae and eggs Fish
1 <100 - 1900 m 1150 m 11.1-19.7 km
2 <100-2350 m 1500 m 14 -22.6 km
3 <100-1750 m 1050 m 11-19.1 km
4 <100-1250 m 700 m 15-23.7 km

Based on the modelling, installation of a jacket foundation causes the longest impact ranges for seals
and the following assessment on seals is based on installation of a jacket foundation as it is the worst-
case situation. (NIRAS, 2023). The results that are used for fish impact assessment are shown in Table
4.6.

The acoustic modelling assumes that nearby marine mammals will move away from the underwater
noise during piling and assumes a swimming speed of 1.5 m/s, which is a precautionary estimate for
both seals.

The underwater noise modelling further assumes that no PTS at a distance beyond 200 m may occur
and therefore includes the application of sufficient mitigation measures, in this case a double big
bubble curtain (DBBC), that in addition to preventing PTS is also efficient enough to prevent TTS in
seals. Table 4.6 shows the result of the modelled underwater noise impact ranges and impact areas of
pile driving of a jacket foundation.



Table 4.6: Resulting threshold impact distances for seals using DBBC on a jacked foundation with 4 x 8 pin piles for
the worst-case month of May.

Posit Distance-to-threshold
ion PTS (I'st) TTS (rTTS) Avoidance (rbehav) Affected area
(avoidance behaviour)
Seal Seal Seals Seals
1 <100 m <200 m 9.75 km 226 km?
2 <100 m 275 m 8.1 km 172 km?
3 <100 m <200 m 14.5 km 368 km?
4 <100m <200 m 19.1 km 737 km?

The modelled worst-case impact ranges for behavioural avoidance responses for seals were calculated
and are shown in Figure 4.2.
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Figure 4.2: Modelled impact ranges for behavioural avoidance responses in seals (green line) in the project area for
Halla. The underwater noise modelling is based on a worst-case scenario and with installation of a jacket foundation
with 4x 8 m pin piles with DBBC mitigation effect.




4.2.2. Impact assessment - fish

The underwater noise from pile driving is of high intensity but not continuous and only limited to a
window of time during establishment of the turbine foundations. A total of 160 foundations will be
installed in the project area. In theory, installation of the foundations by pile driving will last
approximately 5 1/2 months (of effective work) with approximately six hours of piledriving per day,
under the assumption, that one foundation is installed pr. day without any pauses. However, in praxis
the total time for installation of one foundation will be longer and last approximately 2 days. The six
hours pr day for one foundation and the 5 1/2 months for all foundations does only relate to time where
piling occurs and not the other construction work related to foundation installation. The total installation
time for the foundations will be longer than 5 1/2months. Furthermore, the installation period may be
longer due to for example bad weather conditions, causing days where pile driving is not possible. Still,
the duration of the pile driving noise is short-term.

Pile driving noise can therefore affect fish in a relatively large geographical range, although only on a
limited timescale. Results indicate that impact distances for PTS or injury to fish will occur within < 100
- 2350 meters of the pile driving activity, while the impact distances for TTS in fish will occur up to 11 -
23.7 km from the noise source depending on the fish species. For fish eggs and fish larvae, tissue
damage and injury (mortality) can occur if they experience sound levels of 207 dB re 1 puPa?s SELcum
and greater and modelling indicated that this will occur at distances up to 1.5 km from the pile driving
sites (Table 4.5).

Thus, the worst effects from the pressure of underwater noise from pile driving (PTS and injury) will be
on individuals that are within close vicinity of the pile driving activity. Beyond this, the majority of fish
will flee from the source of pressure and return when the noise has ceased, and possibly experience
temporary hearing loss that is reversible over time (Monroe, et al,, 2015; Smith, et al., 2004). Injury to
fish larvae and eggs will also occur in a limited area near the vicinity of the pile driving.

At present, there is very limited knowledge of the short-term and long-term consequences of PTS and
TTS in fish. However, unlike the physiological damage to internal organs and in a worst-case scenario
mortality, both flight behaviour and hearing damage are linked to the species’ specific sensitivity to
frequency and sound intensity. With existing literature, it is not possible to assess whether flight
behaviour or the time it takes to recover from TTS negatively affects fish communities at population
level, or if the effect of the impact only revolves around the area of impact in combination with the
duration of the temporary hearing loss. It is also unknown if the effects from short-term TTS and
avoidance response due to the impact of underwater noise will have consequences on survival and
reproduction success of individual fish (Andersson et al., 2017). However, it could affect the ability of
fish to function normally which could lead to a decrease in fitness. Similarly, there are no direct field
studies that address how the negative effects of pile driving noise affect a species at population level
(Popper et al.,, 2014; Skjellerup, et al., 2015).

The sensitivity of the fish community in the Halla OWF project area is determined by its importance as
fish habitat (for both spawning, foraging and migration) in a regional context. The Halla project area is
utilized by a small number of species and holds a fish community like that of other moderately deep
offshore areas in the Bothnian Bay. The OWF project area is less species-rich than shallower, near-
coastal areas east of the project area and the abundance of fish in the OWF project area appears
significantly lower than in the near-coastal areas when comparing catch per unit effort in (Happo, et
al.,, 2022) with similar surveys in coastal areas such as Adjer at al. (2006) and Appelberg et al. (2003).
The project area is an unsuited spawning area for most fish in the area and a sub-optimal spawning
habitat for those that may yet spawn there, compared to more suited spawning areas outside the
OWEF project area or further south in more saline waters. Yet, a limited level of spawning that yield



survivable offspring occurs in the Halla project area. Areas more suited for spawning are located 3-5
km east of the project area and further east in near-coastal environments, which is outside range of
damage to eggs and fry during pile driving. A number of fish, including salmon, whitefish, smelt, and
vendace migrate through the project area. Adult individuals are more mobile and less sensitive to
noise, and the density of migratory fish within distance of TTS, PTS and mortality is not likely to be
very high. The offshore location of the project area means the noise will not act as a barrier to
migrating fish that can bypass the project area closer to the coast or further offshore. The overall
sensitivity of fish towards underwater noise from pile driving in the OWF project area is therefore
assessed as low.

The size and extent of the impact on fish from pile driving is determined by the direct effect on eggs,
fry, and fish in the area.

The risk of fish experiencing either PTS or mortality is assessed as negligible because of the short
impact distances (< 100-2350 meters) in combination with the soft start/ramp-up procedure, which
gives the fish time to move outside the impact distance. Eggs and fry are immobile but the impact
distances that causes injury on eggs and fry by pile driving noise is shorter (1500 m) than the worst-
case distance for stationary fish (2350 m). Furthermore, eggs and fry suffer very high natural mortality
in natural environments. The survivability of fish eggs and larvae from the limited spawning that may
occur within the Halla OWF project area is poorer under natural conditions than in more suited
spawning areas, although some individuals are likely to survive. Although there can be some loss of
recruitment due to the mortality of eggs and larvae close to the source of pressure during pile driving,
this is considered limited and is not expected to have a significant effect at population level. Shallow
grounds located 3-5 km east of the Halla project area and near-coastal environments further east are
more suited spawning grounds for most species in the area but are located outside the threshold of
potential injury (up to 1.5 km) for eggs and fry. The impact from pile driving on fish eggs and larvae is
therefore set to moderate negative because it may affect the successful outcome of spawning in the
area negatively but the extent of actual spawning in the area is low compared to areas outside range
of impact.

Close to the source of pile driving with high levels of underwater noise, but not within the range
where fish will experience injury, the pressure will trigger an avoidance response causing juvenile and
adult fish to flee from the pressure and possibly experience a temporary hearing loss (TTS). This effect
is temporary, and the fleeing fish can move into habitats like those within the project area in near
proximity of it. The Halla project area is moderately utilized by fish compared to other offshore areas
but scarcely used compared to coastal areas. Habitats in surrounding areas can support the life of the
same species, in most cases in higher densities than in the project area. Fish migrating through the
area may experience a minor disturbance of their migration, which is not likely to constitute a problem
for them, as the fish can migrate around the limited noise impacted area on a given day and still reach
their destination. The impact from pile driving on fish outside range of PTS but within range of TTS is
therefore assessed to be low negative.

In combination, the above results in assessment of the size and extent of the impact from pile driving
on fish as being moderate negative because of the relatively long impact distances for TTS and
because of the injuries potentially incurred by fish, eggs and fry close to the source of noise within the
project area, although losses on this account will be on a limited scale in regional terms.

Overall, the consequence of the underwater noise from pile driving in the project area for Halla OWF
is assessed to be low for fish due to their overall low sensitivity in the OWF project area and the



moderate negative size and extent of the impact. The consequences will be temporary and not affect
the fish populations long-term (Table 4.7).

Table 4.7: Impact assessment of underwater noise from piledriving during the construction phase on fish in Halla
Offshore Wind Farm area.

Impact Sensitivity of the Size and extent of Consequence
recipient the impact
Piledriving -fish Low Moderate negative Low

4.2.3. Impact assessment - seals

Masking occurs when a sound or noise signal eliminates or reduces an animal’s ability to detect or
identify other sounds such as communication signals, echolocation, predator and prey signals, and
environmental signals. Masking depends on the spectral and temporal characteristics of signal and
noise (Erbe, et al., 2019). Sound processing in the mammalian ear happens in a series of band-pass
filters (Patterson, 1974) best described as one-third-octave band filters for marine mammals
(Lemonds, et al., 2011). Masking of signals can therefore occur, if there is an overlap in frequency
between the signal in question and the underwater noise

Compensation mechanisms to overcome masking of communication signals have been described in
several marine mammal species either increasing the amplitude of their signal (e.g. calling louder) or
shifting the frequency of the signal (Holt, et al., 2009; Parks, et al., 2011). Masking can also be
overcome by increasing the call duration or call rate making it more probable that a signal is detected
or by waiting for the noise to cease (Brumm & Slabbekoorn, 2005).

Underwater signals are particularly important in courtship and mating behaviour in seals (Van Parijs,
2003). The communication signals of seals are in the low-frequency range and masking from the pile
driving noise may occur. However, harbour seals and grey seals vocalize in the context of mating and
this takes place close to the haul-out sites. Thus, pile driving close to a seal haul out can mask the
communication signals whereas pile driving occurring far offshore, appears unlikely to have any
significant potential to interfere with communication during mating displays (Tougaard & Mikaelsen,
2018).

The modelling results show that if seals are within less than 100meters of the piledriving location,
when pile driving is conducted with a noise abatement system corresponding to DBBC and with
application of a soft start and ramp up phase, they may be at risk of developing PTS, whereas seals
within a distance of up to 275 meters of the installation site is in the risk of developing TTS. Because of
the very short impact distances the risk of developing TTS or PTS in seals is very limited for TTS and
more or less non-existing for PTS.

There are only a few studies addressing the avoidance behaviour and impact ranges of seals exposed
to pile driving noise. During construction of offshore wind farms in The Wash, south-east England in
2012, harbour seals were equipped with satellite transmitters and the results showed that seal usage
(abundance) was significantly reduced up to 25 km from the pile driving site during unmitigated pile
driving and within 25 km of the centre of the wind farm, there was a 19 to 83% decrease in usage
compared to during breaks in piling (Russell, et al., 2016). Based on the results, Russell et al. (2016)
suggested that the reaction distance for harbour seals to unabated pile driving was comparable to
that of porpoises. On the other hand, Blackwell et al. (2004) studied the reaction of ringed seals to pile
driving in connection with establishment of an artificial island in the arctic and saw limited reactions to
the noise. As a precautionary approach, it has been assumed that seals react to underwater noise from



pile driving at the same distance as harbour porpoise (within 19.1 km in the present modelling). It is
expected that both ringed seals and grey seals may occur in the impacted area, however, the distance
to the nearest haul out site for grey seals is more than 20 km from the project area and the
underwater noise impacted area is not considered to be a particularly important area for grey seals.
Ringed seals may use the underwater noise impacted area as a foraging area, however the area is not
considered as a particular important foraging area for ringed seals. It is likely, that breeding ringed
seals also occur in the project area, during winters with sufficient ice coverage. However, it is not
expected that installation of foundation is possible, during periods where sea ice has formed in the
project area and disturbance of breeding ringed seals will therefore not occur. The risk of seals
experiencing either PTS or TTS is assessed as negligible because of the very short impact distances
(less than 100 meters for PTS and TTS and up to 275 meters for TTS).

Behavioural responses caused by underwater noise form piledriving can range widely from small
changes in activity level to escape responses, where individuals completely avoid the area. Seal's
sensitivity towards an impact on behaviour is assessed to be moderate as it is expected that the seals
will avoid the impacted area to some degree. The impacted area overlaps with a foraging area for
both seal species and a likely breeding area for ring seals during winter. However, the area is not
considered to constitute a particular important foraging area for neither ringed seals nor grey seals. In
addition, piling will not take place during winter where breeding ring seals are most vulnerable.

A total of 160 foundations will be installed in the project area. As mentioned in section 4.2.2 on the
impact assessment on fish the theoretical installation period of the foundations by pile driving will last
approximately 5%2 months (of effective work) with approximately six hours of piledriving per day, under
the assumption, that one foundation is installed pr. day without any pauses. However, in praxis the total
time for installation of one foundation will be longer and last approximately 2 days. The six hours pr day
for one foundation and the 5% months for all foundations does only relate to time where piling
occurring and not the other construction work related to foundation installation. The total installation
time for the foundations will be longer than 5%2 months. Furthermore, the installation period may be
longer due to for example bad weather conditions, causing days where pile driving is not possible. Still,
the duration of the temporary habitat loss is short-term, as seals can return to the area after the
foundation installation is complete.

The size and extent of the impact of pile driving noise is assessed as low negative, as it is a small area
of their home range that is temporarily affected, thereby causing a low likelihood of occurrence of
behavioural avoidance responses despite the relatively long impact distances (19.1 km). The
persistence of behavioural avoidance responses (and temporary habitat loss) is short-term for both
seal species, and it is expected that the seals return to the area a few days after the installation has
been completed. Overall, the consequence of the underwater noise from pile driving in the project
area for Halla OWF is assessed to be low for seals and will not affect the populations short-term nor
long-term (Table 4.8).

Table 4.8: Impact assessment of underwater noise from piledriving during the construction phase on seals in Halla
Offshore Wind Farm area.

Impact Sensitivity of the Size and extent of Consequence
recipient the impact

Piledriving Moderate Low negative Low




4.3. Underwater noise from ship traffic

About 75 % of the anthropogenic underwater noise is caused by ships (ICES, 2005). Ship noise is
suspected to have caused an increase in the ambient ocean noise level of about 12 dB during the
latter part of the 20t century (Hildebrand, 2009). During wind farm construction and operational
maintenance an increase in ship traffic of both small and large vessels is expected within and near the
project area for Halla OWF. The propagation of the underwater noise in the surrounding water
depends on the frequency content of the underwater noise, the surrounding environment (e.g.
temperature, salinity and depth) and factors such as operational speed, size of the ship, cargo etc.
(Wisniewska, et al., 2016; Erbe, et al.,, 2019; Urick, 1983).

It is expected that both small and fast boats as well as larger, slower moving vessels will be used.
Underwater noise from smaller boats has a noise level ranging 130-160 dB re 1 yPa@ 1meter (Erbe,
2013; Erbe, et al.,, 2016), while the underwater noise levels from larger vessels is up to 200 dB re 1
pPa@1 meter (Erbe & Farmer, 2000; Simard, et al., 2016; Gassmann, et al., 2017). Studies show that the
underwater noise levels increase when the ship is maneuverer, such as when the ship goes astern, or
thrusters are used to hold the ship at a certain position (Thiele, 1988). In a recent study, the
underwater noise from several different types of ships was measured. The study found that the
frequency content was broadband from 0.025 to 160 kHz, which is in a frequency range where it
potentially may have a negative effect on fish and marine mammals (Hermannsen, et al., 2014).

The Halla project area for the wind farm is in an area with ship traffic (Figure 4.3) and the area is
therefore expected already to be exposed to low-frequency ship noise. Based on data from the BIAS-
project, the underwater noise level measured in the 500 Hz frequency band is assessed to be above 80
- 95 dB re TuPa in main part of the project area for Halla OWF (50 % of the time), especially in the
winter period, where sound tends to travel further, compared to the summer period For more details
see the underwater noise report (NIRAS, 2023).
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4.3.1. Impact assessment - fish

Demersal fish species with and without swim bladders but not specialized hearing organs, hear
frequencies that span from <20 Hz to 500 Hz (Sand & Karlsen, 2000; Chapman & Hawkins, 1973),
while species with specialized hear organs (hearing specialists), such as the pelagic species sprat and
herring, also hear higher frequency sounds (up to 8 kHz) (Enger, 1967; Sand & Karlsen, 2000). Thus,
the general frequency levels of noise where fish hear best, coincide with the frequency range of the
noise produced by boats and shipping vessels.

While the general noise levels close to the underwater noise source of e.g. construction and
maintenance vessels are at a level that will potentially induce a behavioural response in most fish, such
as moving away from vessel (Nedwell et al., 2007), it appears that only the larger ships that are not to
be used for maintenance of the OWF will create noise levels (>185 dB) that can temporarily induce
hearing loss. Thus, fish can be affected by the underwater noise created by construction and
maintenance vessels, but the effect of noise from vessels will for most fish only induce a fleeing
response away from the vessel or a temporary alteration of behaviour (lvanova, et al., 2017) and in
worse case for individuals very close to the source (within meters), a temporary hearing reduction/loss
that will last a few weeks (Webb, et al., 2008).

The project area for Halla OWF overlaps with shipping routes in the Bay of Bothnia. Thus, the area is
already expected to be frequently exposed to vessel traffic creating underwater noise and fish in the
area are likely to be adapted to a certain amount of underwater vessel noise. The Halla project area is
moderately utilized by fish and the sensitivity of both pelagic and demersal fish to underwater noise
from vessel activity is low. The size and extent of the impact of ship noise is assessed as insignificant
as behavioural responses will occur close to the ship. Overall, the consequence of the underwater
noise from ship noise is assessed to be negligible for the fish and will not affect the populations short-
term nor long-term (Table 4.9).

Table 4.9: Impact assessment of underwater ship noise on fish in Halla Offshore Wind Farm area.

Impact Sensitivity of the Size and extent of Consequence
recipient the impact
Ship noise Low Negligible Negligible
4.3.2. Impact assessment - seals

The degree of negative impact caused by ship noise depends on the type and number of ships used.
There is limited knowledge about how seals are affected by ship noise. As the knowledge on how ship
noise affects seals is limited, there is no consensus on how impact of ship noise should be quantified
(Erbe, et al., 2019). The largest impact of ship noise, however, is likely to be behavioural changes e.g.,
changes in their foraging pattern in the vicinity of the ships (Richardson, et al., 1995; Wisniewska, et al.,
2016).

Seal sensitivity towards ship noise is assessed to be low as the impact from increased shipping on
behaviour will be limited and very short term. The area does not constitute an important foraging area
for neither ringed seals nor grey seals. The size and extent of the impact from ship noise is assessed as
low negative as behavioural responses are only expected to occur in close vicinity of the ship. This must
also be seen in the light of the fact, that the project area is already exposed to ship traffic. The additional
impact of construction related ship traffic as well as ship traffic during operational maintenance is
assessed to be modest. Overall, the consequence of the underwater noise from ship in the project area



for Halla OWF is assessed to be minor for the seals and will not affect the populations short-term nor
long-term (Table 4.10).

Table 4.70: Impact assessment of underwater noise from ship traffic on seals in Halla Offshore Wind Farm area.

Impact Sensitivity of the Size and extent of Consequence
recipient the impact
Ship Noise Low Low negative Minor
5. Impact assessment - Underwater noise during operational

Underwater noise from offshore wind turbines comes primarily from two sources: mechanical
vibrations in the nacelle (gearbox etc.), which are transmitted through the tower and radiated into the
surrounding water; and underwater radiated noise from the service boats in the wind farm.

5.1.  Operational noise

In a review by Tougaard (2014), measurements of underwater noise from existing operational wind
turbines are presented, whereby measured underwater noise levels are evaluated as a function of wind
speed and turbine size. For monopiles, the review considers measurements from 0.55 MW - 3.6 MW
turbines. For other foundation types (concrete, jacket, and tripod), only singular measurements are
available. Since the underwater noise radiated during operation will depend on the radiating structure
(the foundation), then the shape, material and size will matter. The turbine technologies (direct drive
vs. gear box), will also have an impact on the radiated operational underwater noise. However, the
limited available operational noise data does not allow for such differences to be resolved. The
trendline proposed in Tougaard et al. (2020), not taking foundation type or size into account, is
therefore considered with caution (Figure 5.1). The trend line shows a size dependency, with source
level increasing by a factor of 14 dB per factor 10 in turbine nominal capacity (Tougaard, et al., 2020).
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Figure 5.1: Relationship between measured broadband noise and turbine size compiled from available literature
sources. Measurements have been normalized to 100 m from the turbine foundation and a wind speed of 10 m/s.
From Tougaard et al. (2020).



All measurements of turbine noise show the noise to be entirely confined to low frequencies, below a
few kHz and with peak energy in the low hundreds of Hz. One spectrum of a typical mid-sized turbine
is shown in Figure 5.2, where pronounced peaks are visible in the spectrum in the 160 Hz and 320 Hz,
10 Hz bands.
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Figure 5.2: Example of frequency spectra from a medium sized turbine (3.6 MW, Gunfleet Sands) at different wind
speeds. Levels are given in 10 Hz intervals. Measurements were obtained about 50 m from the turbine.
Measurements from.

Despite the inherent uncertainties with respect to type and size of turbines for Halla OWF it is
considered likely that the turbine noise will be comparable to what has been measured from other
turbines. However, it should be considered with caution. Based on Figure 5.1, a number of
observations should be mentioned. First and foremost, significant variation in measured sound levels
for individual turbine sizes on same foundation type, up to 20 dB is noticed. Second, the trendline
(blue) representing the best fit of all data points, is not assessed to provide an accurate fit for any
given turbine size. This presents a challenge in terms of reliably in predicting source levels within the
covered turbine size range in Figure 5.1, and to an even greater extent for turbine sizes outside this
range. For Halla OWF, turbine sizes are expected to have a size of 15 MW — 25 MW. This would
represent a 5 — 6-fold increase compared to the available empirical data for monopiles. Given the
uncertainties present in the empirical data, any extrapolation of such magnitude is considered to
provide a very uncertain source level prediction.

An additional source of uncertainty in prediction is the type of turbine. All but one of the turbines,
from which measurements are available, are types with gearbox, a main source of the radiated noise.
Only one measurement is available for a turbine with a direct drive (Haliade 150, 6 MW), which is a
type increasingly being installed in new projects. The limited data suggests that noise levels from the
direct drive turbine are more broadband in nature than from types with gear box.

Despite all of the above mentioned uncertainties, a calculation for TTS threshold criteria is carried out
below, based on the blue trendline in Figure 5.1 as well as the scaling and frequency considerations
presented in Tougaard et al. (2020). It should be kept in mind, that there are significant uncertainties
with the estimated impact range due to the lack of scientific data supporting such a calculation.



For a 20 MW turbine, the sound level at 100 m, would be SPL,,,; = 124 dB re 1uPa, based on the
extrapolation of the blue trendline. The primary frequency would be ~160 Hz, with secondary
frequency at 320 Hz, approximately 10 dB below the primary (Tougaard, et al., 2020)

A conservative approach would set the unweighted 160 Hz level to SPL,,,; = 125.4 dB re 1uPa and
for 320 Hz, SPL,,,s = 115.4dB re 1uPa.

Seals however are not equally good at hearing all frequencies and taking the hearing curve for seals
into consideration would lead to sound levels (as experienced by seal, from a single turbine in
operation) of:

o @160Hz 100 m distance: SPLus pw = 105.4 dB re 1uPa
@320Hz, 100 m distance: SPLyys pw = 100.4 dB re 1uPa
o "Broadband”, 100 m distance: SPL,,s pww = 106.4 dB re 1uPa

For seals, no behaviour threshold is currently supported by literature, and it is therefore not possible
to compare the sound level at 100 m with a behavioural threshold. However calculating the
cumulative noise dose for a seal located at a constant distance of 100 m from a turbine foundation
within the wind farm area, over a 24 hour period, would result in cumulative sound exposure level,
SELcymaanpew = 116.4 + 10 - log,((86400) = 155.4 dB re. 1uPa?s. Given a threshold criteria for onset
of TTS in seal for continuous noise of SELqym 24npw = 183 dB re. 1uPa?s, the impact over a 24 hour
duration is 27.6 dB lower than the TTS onset criteria. With a 27.6 dB margin to the TTS threshold
criteria, auditory injuries are unlikely to occur.

Most fish detect sound from the infrasonic frequency range (<20 Hz) up to a few hundred Hz (e.g.,
Salmon, dab, and cod) whereas other fish species with gas-filled structures in connection with the
inner ear (e.g., herring) detect sounds up to a few kHz. The main frequency hearing range for fish is
therefore overlapping with the frequencies, produces by operational wind turbines (below a few
hundred Hz). There are no studies defining fish behavioural response threshold for continuous noise
sources, and the scientific data addressing TTS from such noise sources is very limited. The only
studies providing a TTS threshold value for fish is from experiments with goldfish. Goldfish is a
freshwater hearing specialist with the most sensitive hearing in any fish species. In the project area for
Halla OWF, the most common fish species is herring followed by sculpins, smelt, ruffe and whitefish.
All these species have a less sensitive hearing, compared to the goldfish (Popper, et al,, 2014), and
using threshold for goldfish will lead to an overestimation of the impact. Empirical data for several of
the fish species without a connection between the inner ear and the gas-filled swim showed no TTS in
responses to long term continuous noise exposure (Popper, et al., 2014). In a study by Wysocki et al.
(2007), rainbow trout exposed to increased continuous noise (up to 150 dB re 1 pPa rms) for nine
months in an aquaculture facility, showed no hearing loss nor any negative health effect. Therefore, it
is assessed that TTS is unlikely to occur because of an operational offshore wind farm.

5.1.1. Impact assessment fish

The character and strength of the operational noise makes it probable to be heard (detectable) by
sound-sensitive pelagic fish such as clupeids (sprat and herring) as well as hearing generalist at a
distance of up to a few hundred meters from the source while for demersal fish with only small or no
swim bladders such as sculpins (Cottidae) etc., wind turbine noise is only detected within short
distances <50 meters (DFU, 2000).

Although, both pelagic and benthic species of fish can hear the underwater sounds from the
mechanical components of wind turbines, there are no indications that they will exhibit a behavioural
response and flee or move out of the area. On the contrary, the presence of fish around operating



turbines has been studied, at the Horns Rev 1 Offshore Wind Farm. Seven years after its establishment,
an increased abundance of fish and more species were observed near the wind turbines than in the
nearby reference area (Stenberg et.al., 2011), possibly due to good feeding and refuge possibilities
around the wind farm foundations.

Potential habituation to the operational sounds produced by wind turbines is supported by studies of
other offshore wind farms at Nysted OWF and Horns Rev OWF, where a large number of fish species,
including dense schools of two-spotted gobies, sculpins, goldsinny wrasses, black gobies and cod,
were registered in and around the wind turbine foundations (Stenberg et.al., 2011) (Hvidt et.al., 2006).
In a recent study in the Borssele 1 and 2 OWF consisting of 8 MW turbines, artificial reef structures
were installed (in 2020) to create suitable habitats and feeding places for both young and adult
Atlantic cod. Based on acoustic telemetry and acoustic tags, the behaviour of 45 cods were monitored.
The initial analyses of the data show that cod are attracted to the reef and like to stay in its vicinity
(https://phys.org/news/2023-04-cod-artificial-reef-farm.html, 2023).

Underwater operational noise is not high enough to have any effect on the early life stages (fish eggs
and larvae) of fish, and thus the early life stages will not be affected by underwater noise from wind
farm operations.

Both pelagic and demersal fish can probably hear the operational underwater noise from the
mechanical components of wind turbines, however they do not appear to be noticeably affected.
Thus, the sensitivity to underwater noise for both pelagic and benthic fish is ranked as low. Because
there are no indications that suggest a difference in fish communities near working turbines in
comparison to the surrounding area, the size and extent of the impact is assessed as negligible.
Overall, the consequence of the operational underwater noise is assessed to be negligible for the fish
and will not affect the fish populations short-term nor long-term (Table 5.1).

Table 5.1: Impact assessment of underwater noise from operation on fish in Halla Offshore Wind Farm area.

Impact Sensitivity of the Size and extent of Consequence
recipient the impact
Operational Noise Low Negligible Negligible
5.1.2. Impact assessment - seals

It is assumed that seals will be able to hear the operational noise out to a few km under silent
conditions. However, as the ambient noise is expected to be relatively high within the project area
because of marine traffic, the ambient noise is expected to be the limiting factor in the low frequency
range. Furthermore, seals are relatively tolerant to underwater noise from wind farms in operation
(Kastelein, 2011; Southall, et al., 2019). There are no studies of how ringed seals respond to
operational noise from wind turbines. However a relatively recent study of harbour seals at the
German OWF Alpha Ventus (Russell, et al.,, 2014), where 11 harbour seals were tagged with GPS-
transmitters, showed that four of the tagged seals entered the Alpha ventus, and two of the tagged
seals foraged at the foundation structures, where they visited one turbine and stayed around the
foundation for a while. They then went directly to another wind turbine foundation as shown in Figure
5.3. This results in a very structured movement pattern that demonstrates that foundations were
searched systematically for food (Russell, et al., 2014). One of the tagged harbour seals foraged at the
foundations of all 12 operating wind turbines, and it clearly preferred the foundation structures over
other areas inside the wind farm (see Figure 5.3).
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Figure 5.3: Tracks of a tagged harbour seal around the wind farm ‘alpha ventus’ (12 turbines) and the research
platform FINO 1 (left of alpha ventus). Points show locations at 30-minute intervals; red indicates greater foraging
potential (Russell, et al, 2014).

It is expected that scour protection around the foundation will be used in the establishment of the
wind turbine. The new hard bottom substrate will lead to a stabilization of the seabed by helping
prevent scouring from water currents and increase the physical complexity and bottom structure. Over
time, it is expected that the introduced hard bottom substrates in the form of concrete, rock
formations and steel will develop a hard bottom habitat and function as a so-called artificial reef. The
reef will rapidly develop a succession of reef associated organisms and a reef community consisting of
macroalgae species and a series of epibenthic invertebrates (bottom-dwelling invertebrates) and
associated fish species depending on water depth and current conditions, and on the material from
which the foundation is built, including its heterogeneity (DTU Aqua, 2013; Stettrup et al., 2014). It is
expected that an artificial reef will attract fish species associated with hard bottom and stone reefs and
potentially increase the prey items for seals. Noise from wind farms could therefore potentially also
serve as a kind of “dinner bell.”

As with the harbour seals, grey seals were also reported to follow anthropogenic structures such as
underwater cables and to forage along the cables (Russell, et al., 2014). It is therefore expected that
grey seals will react to wind farms in a similar way as harbour seals.

The sensitivity of seals to underwater noise from the operating wind farm is low to negligible based
on existing knowledge on seal behaviour inside offshore wind farms. The size and extent of the impact
from operational noise is assessed as negligible. This must also be seen in the light of the fact, that the
project area is already exposed to ship traffic. The additional impact of underwater noise from
operational of the wind farm will therefore be modest. Overall, the consequence of the operational
underwater noise is assessed to be negligible for the seals and will not affect the populations short-
term nor long-term (Table 5.2).



Table 5.2: Impact assessment of underwater noise from operation on seals in Halla Offshore Wind Farm area.

Impact

Sensitivity of the
recipient

Size and extent of

the impact

Consequence

Operational Noise

Low

Negligible

Negligible




6. Cumulative effects

The assessment of cumulative effects is based on the impact assessment of the project in combination
with other local or regional projects or plans, which may contribute to a cumulative environmental
impact. When several planned projects within the same area affect the same environmental recipients
at the same time, cumulative impacts will occur. For Halla OWF, cumulative impacts from underwater
noise may arise if other wind farms or projects that cause the same type of impacts are constructed at
the same time. The assessment is based on projects that have obtained a construction permit as well as
projects in the planning phase and simultaneous construction of the offshore wind farms.

Cumulative effects on marine mammals and fish are assumed to occur only during the construction
phase, as impact during the operational phase is assessed as having a limited local impact on the marine
mammals and fish (see section 5.1) and therefore cumulative impacts in the operational phase are
unlikely to occur.

Spatial cumulative impacts may occur when/if noisy construction works in Halla, especially pile driving,
takes place simultaneously with comparable measures in adjacent projects. In this case the individual
impact zones from the individual projects may add up and thereby constitute an even larger impact
zone from which marine mammals and fish cannot flee as quickly as from a single impact zone.

There are several planned offshore wind farms relatively close to the project area for Halla OWF. The
planned offshore winds farm are listed in Table 6.1

Table 6.1: Projects considered for cumulative assessment

Wind Country | Total planned Minimum Consenting Expected
Farm/Developer max MW/max distance to phase construction
amount of Laine OWF year
turbines
Polargrund / Sweden 3000 MW/120 3 km EIA-report 2028-2030
Skyborn turbines under work
renewables
Omega / Njordr Sweden 1500 MW / 83 18 km EIA-report 2031-2033
turbines under work
Maanahkiainen / | Finland 550 MW/40 27 km Zoning plan n/a
Rajakiiri turbines update under
works
Ebba, Pyhdjokija | Finland 1400 MW / 100 22 km Tendering 2033-2035
Raahe / turbines process
Metsahallitus beginning in
autumn 2023
Suurhiekka / Finland 640 MW / 80 20 km legally valid n/a
Skyborn turbines water permit
Renewables




The estimated construction period for Halla OWF is from 2029-2031, where half of the foundations are
expected to be installed in 2029, and the remaining foundations are expected to be installed in 2030.
Approximately 3 km northwest of Halla OWF, Skyborn renewables is planning to construct Polargrund
offshore wind farms with a capacity of 3000 MW. Polargrund is in the early planning phase and the EIA-
work is ongoing at present. The construction phase of Polargrund is scheduled to 2028-2030. As Halla
OWEF construction phase is scheduled to 2029-2031 there can be overlap in the construction phase of
the two offshore wind farms. If simultaneous pile driving occurs during construction in the project areas,
cumulative impacts regarding behavioural responses would very likely occur as the distance between
the project areas is approximately only 3 km. The two zones of impact could add up to a large,
connected impact area. The displacement from one site may also drive animals inside the impact area
of the other site and increase the overall disturbance effect. It is not possible to make detailed
predictions for the probability of cumulative impacts between simultaneous pile driving events at the
project areas as the uncertainties are still too large as to whether cumulative impact will even arise as
Polargrund OWF have not been given a final construction permit and it is still unclear when the wind
farm will be realized.

The remaining offshore wind farms are located 18 km or more from Halla OWF and their construction
phases are post construction of Halla OWF (or the period for construction has not been decided yet).
Therefore no simultaneous pile driving is expected to occur during construction in these project areas.
The cumulative impacts are therefore expected to be negligible for Halla OWF and Omega OWF,
Maanahkiainen OWF, Ebba, Pyhdjoki ja Raahe and Suurhiekka.



7. Conclusion

During the construction of Halla OWF, the most significant underwater noise pressure on fish and
marine mammals, is noise from installation activities (e.g., pile driving). When applying soft
start/ramp-up procedure in combination with a mitigation system corresponding to the efficiency of a
double big bobble curtain it is unlikely that seals will experience PTS or TTS and the risk of PTS or TTS
is assessed as negligible because of the very short impact distances (less than 100 meters for PTS and
less than 275 meters for TTS). Seal sensitivity towards an impact on behaviour is assessed to be low.
Overall, the consequence of the pile driving underwater noise is assessed to be low for both ringed
seals and grey seals and will not affect the populations short-term nor long-term.

The risk of fish experiencing either PTS or mortality caused by underwater noise from pile driving is
assessed as negligible because of the very short impact distances and the soft ramp-up of the pile
driving that gives the fish time to escape. Some fish eggs and fry from the limited spawning that may
occur within the OWF may suffer injury and mortality during pile driving, but such losses will be on a
limited scale in regional terms as the most well-suited spawning areas are located outside the OWF
and thus outside range of injury (1.5 km for eggs and fry). Fish can experience TTS out to 23.7 km and
some temporary effect on fish is to be expected. The Halla project area appears to be scarcely utilized
by fish compared to near-coastal areas, and the sensitivity is assessed to be moderate. The
consequence of the underwater noise from pile driving in the project area for Halla OWF is therefore
assessed to be moderate but temporary for fish.

During wind farm construction and operational maintenance an increase in ship traffic of both small
and large vessels is expected within and near the project area for Halla OWF. The project area for the
wind farm is in an area that is already under the impact of ship traffic. The Halla project area is
therefore expected to be dominated by low-frequency ship noise already. Therefore, the impact from
underwater noise from ship traffic is assessed to be negligible for fish and as minor for ringed and
grey seal and will not affect the fish and seal populations short-term nor long-term.

During operation underwater noise from the wind turbines can occur. As mentioned above the project
area for the Halla OWF is an area with expected elevated ambient noise levels because of ship noise.
The operational noise from the wind farm is therefore expected to be below the ambient noise level
and will only be audible close to the wind turbines. Impact from underwater noise is assessed as
negligible for both fish, ringed and grey seal and will not affect the fish and seal populations short-
term nor long-term.
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Summary

In connection with the environmental impact assessment for Halla Offshore Wind Farm (OWF) in the Finnish part of
the Gulf of Bothnia, about 33 km west of the city Raahe and 24 km from the Hailuoto island’s shoreline, NIRAS has
conducted underwater sound prognosis for the construction and operation of the wind farm. A description of the am-
bient noise in and around the project area, is also provided. This to inform the impact assessment of marine mammals
and fish of the underwater noise emission resulting from foundation installation within the OWF site.

Underwater sound emission was calculated for an 18 m diameter monopile foundation as well as for a jacket founda-
tion anchored by 4 x 8 m diameter pin piles. Each foundation type was included in sound propagation calculations at
three representative source positions within the Halla project area.

A 3D acoustic model was created in dBSea 2.3.4, utilizing detailed knowledge of bathymetry, seabed sediment com-
position, water column salinity, temperature, and sound speed profile as well as a source model based on best availa-
ble knowledge. The modelling was conducted with underwater noise mitigation effect active. For both monopile foun-
dation (scenario 1), and jacket foundation (scenario 2), a Double Big Bubble Curtain (DBBC) mitigation effect was in-
cluded. Modelling without NAS was not included as pile driving without noise mitigation measures is not considered a
feasible scenario. Using advanced underwater sound propagation algorithms, the sound emission from each scenario
was calculated in 36 directions (10° resolution).

Distance-To-Threshold (DTT) for relevant frequency weighted species-specific threshold levels were calculated from
the sound propagation models. These include safe starting distance for earless seals in order to prevent Permanent
Threshold Shift (PTS) and Temporary Threshold Shift (TTS), based on threshold levels in (NOAA, April 2018). Behaviour
reaction distance for earless seals, were conservatively estimated based on the behaviour criteria for harbour por-
poise.

DTT for TTS and injury threshold levels for Cod and Herring, as well as Injury for larvae and eggs were also calculated,
see Table 1.1 and Table 1.2 for scenario 1 and scenario 2 respectively. DTT for stationary fish, represent fish that do not
flee in response to noise exposure. DTT for earless seal thresholds are shown in Table 1.3 and Table 1.4 for scenario 1
and scenario 2 respectively.

Table 1.1: Resulting threshold impact distances for fish using DBBC mitigation effect on an 18 m monopile for the worst-case month of
May.

Position Distance-to-threshold (18 m monopile + DBBC mitigation effect)
Injury (Tinjury) TTS (frrs)
Stationary Juvenile Adult Cod Herring Larvae Stationary Juvenile Adult Cod Herring
fish Cod and eggs fish Cod
1 1900 m <100 m <100 m <100 m 115 km 19.7 km 16.0 km 12.0 km 11.1km
2 2350 m <100 m <100 m <100 m 1.50 km 22.6 km 18.9 km 14.9 km 14.0 km
3 1750 m <100 m <100 m <100 m 1.05 km 19.1km 15.4 km 1.7 km 11.0 km
4 1250 m <100 m <100 m <100 m 0.7 km 23.7 km 20.0 km 15.9 km 15.0 km
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Table 1.2: Resulting threshold impact distances for fish using DBBC mitigation effect on a Jacket foundation with 4x 8 m pin piles for
the worst-case month of May.

Position Distance-to-threshold (Jacket with 4x 8 m pin piles + DBBC mitigation effect)
Injury (Tinjury) TTS (I'rrs)
Stationary Juvenile Adult Cod Herring Larvae Stationary Juvenile Adult Cod Herring
fish Cod and eggs fish Cod
1 1300 m <100 m <100 m <100 m 750 m 14.5 km 5.1km 1200 m 750 m
2 1700 m <100 m <100 m <100 m 950 m 17.3 km 7.2 km 2550 m 1900 m
3 1350 m <100 m <100 m <100 m 725 m 14.3 km 4.9 km 1350 m 850 m
4 1100 m <100 m <100 m <100 m 550 m 16.3 km 5.7 km 1100 m 600 m

Table 1.3: Resulting threshold impact distances for earless seals using DBBC mitigation effect on an 18 m monopile for the worst-case

month of May.

Position Distance-to-threshold (18 m monopile + DBBC mitigation effect)
PTS (I'prs) TTS (r115) Avoidance (Tpehay)
1 <100 m <200 m 9.5 km
2 <100 m 275 m 8 km
3 <100 m <200 m 14 km
4 <100 m <200 m 18.3 km

Table 1.4: Resulting threshold impact distances for earless seals using DBBC mitigation effect on a jacket foundation with 4x 8 m pin
piles for the worst-case month of May.

Position Distance-to-threshold (Jacket foundation with 4x 8 m pin piles + DBBC mitigation effect)
PTS (I'prs) TTS (r115) Avoidance (Tpehay)
1 <100 m <200 m 9.75 km
2 <100 m <200 m 8.1km
3 <100 m <200 m 14.5 km
4 <100 m <200 m 19.1 km

Threshold distances for PTS and TTS describe the minimum distance from the source a seal or fish must at least be,
prior to onset of pile driving, in order to avoid the respective impact. It therefore does not represent a specific meas-
urable sound level, but rather a safe starting position.

The threshold distance for behaviour, on the other hand, describes the specific distance, up to which, the behavioural
response is likely to occur, when maximum hammer energy is applied to a pile strike. For pile strikes at lower than
100% hammer energy, this distance is shorter.
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Full name Abbreviation Symbol
Sound Exposure Level SEL Lep
Cumulative Sound Exposure Level SELcum,24h LE p,cum,24h
Sound Exposure Level - single impulse SELss Lg100
Sound Pressure Level SPL Ly rms
Source Level at Tm SL Lg
Sound exposure source level at 1 m ESL Lsk
Permanent Threshold Shift PTS

Temporary Threshold Shift TTS

National Oceanographic and Atmospheric Administration NOAA

Offshore Wind farm OWF

Noise Abatement System NAS

Low frequency LF

High frequency HF

Very High frequency VHF

Phocid Pinniped PCW

Big Bubble Curtain BBC

Double Big Bubble Curtain DBBC

Hydro Sound Damper HSD

IHC Noise Mitigation Screen IHC-NMS

World Ocean Atlas 2018 WOAT18

Normal modes NM

Parabolic Equation PE

Distance-To-Threshold DTT

Propagation loss PL Np,,
Sound Exposure Propagation loss EPL NpLg
National Marine Fisheries Service NMEFS
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1. Introduction

This report documents the underwater sound propagation modelling in connection with the environmental impact
assessment for the installation of wind turbine foundations at Halla Offshore Wind Farm (OWF).

Halla OWF site is located in the Finnish EEZ of the Gulf of Bothnia, about 33 km west of the city Raahe and 24 km
from the Hailuoto island’s shoreline. The project area is approximately 575 km?. In Figure 1.1, the OWF area is shown
along with the Finland-Sweden Exclusive Economic Zone (EEZ).

1180000 1200000 1220000 1240000

0Xx2
Halla Offshore Wind Farm
Overview map

Legend
223 Halla OWF
{ = Maritime boundaries [v11]
et Bathymetry [Emodnet]
| -0
-150
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Figure 1.1: Overview of Halla offshore wind farm site (black) and surrounding area.

The project includes installation of up to 160 wind turbines within the project area. Foundation types for the turbines
have not been decided, however a number of options are considered possible. Monopile foundations up to 18 m di-
ameter, 3- or 4-legged jacket foundations with up to 8 m pin piles, or alternative foundations such as floating, gravita-
tion or suction bucket could be used either exclusively or in combination. Sound propagation modelling is only con-
ducted for the worst case scenario with regards to underwater noise emission. The different foundation types are
evaluated in section 7.1.

The report documents impact ranges for all relevant threshold levels for the impact on earless seals and fish.
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2. Purpose

The purpose of this report is to provide a description of expected underwater noise emission from the construction of
Halla OWF, to inform marine mammal and fish impact assessments. For the construction phase, the report documents
sound propagation prognosis for the impact pile driving activities, and relate these to relevant marine mammal and
fish specific impact threshold levels.

3. Underwater sound definitions

In the following, the reader is introduced to the acoustic metrics used throughout the report for quantifying the sound
levels.

3.1. Source level
Two representations for the acoustic output of pile driving are used in this report, namely Source Level (SL), Lg, and
the sound exposure source level (ESL), Lg.

Here, SL is defined for a continuous source as the mean-square sound pressure level at a distance of 1 m from the
source with a reference value of 1 pPa - m.

ESL is used to describe a transient sound source and is defined as the time-integrated squared sound pressure level at
a distance of 1 m from the source with a reference value of 1 pPa? m? s.

3.2.  Sound Pressure Level

In underwater noise modelling, the Sound Pressure Level (SPL), Ly, is commonly used to quantify the noise level at a
specific position, and in impact assessments, is increasingly used for assessing the behavioural response of marine
mammals as a result of noise emitting activities. The definition for SPL is shown in Equation 1 (Erbe, 2011):

1 ‘
L, =20 xlog <¥>J p(t)? | [dBre.1pPa] Equation 1
T

Where p is the acoustic pressure of the noise signal during the time of interest, and T is the total time. Ly, is the aver-
age unweighted SPL over a measured period of time.

In order to evaluate the behavioural response of the marine mammal a time window must be specified. Often, a fixed
time window of 125 ms. Is used due to the integration time of the ear of mammals (Tougaard & Beedholm, 2018). The
metric is then referred to as Ly, 12sms @nd the definition is shown in Equation 2 (Tougaard, 2027).

Lpi2sms = Lgp — 10 x10g;((0.125) = Lg, + 9dB [dB re. 1uPa]
Equation 2

Where Lgpis the sound exposure level, which are explained in the next section.

3.3.  Sound Exposure Level

The Sound Exposure Level (SEL) describes the total energy of a noise event (Jacobsen & Juhl, 2013). A noise event can
for instance be the installation of a monopile by impact pile driving, from the start to the end, or it can be a single
noise event like an explosion. The SEL is normalized to 1 second and is defined in (Martin, et al., 2019) through Equa-
tion 3.
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1 T
Lgp = 10logy, (T 2 J- pz(t)> [dB re. 1pPa’s] Equation 3
0

oro

Where T, is 1 second, O is the starting time and T is end time of the noise event, p is the pressure, and p, is the refer-
ence sound pressure which is 1 pPa.

The relationship between SPL in Equation 1 and SEL, in Equation 3, is given in Equation 4 (Erbe, 2011).

Equation 4

When SEL is used to describe the sum of noise from more than a single event/pulse, the term Cumulative SEL,
(SELcumyt), LEcum is Used, while the SEL for a single event/pulse, is the single-strike SEL (SELsg), Lg1go- The SELsg is
calculated on the base of 100% pulse energy over the pulse duration.

Marine mammals can incur hearing loss, either temporarily or permanently as a result of exposure to high noise levels.
The level of injury depends on both the intensity and duration of noise exposure, and the SEL is therefore a commonly
used metric to assess the risk of hearing impairment as a result of noisy activities. (Martin, et al., 2019).

3.4. Cumulative Sound Exposure level

In the assessment of Temporary Threshold Shift (TTS), Permanent Threshold Shift (PTS) and injury caused by underwa-
ter noise on marine mammals and fish, cumulative SEL (Lg cym ) is used to describe the total noise dose received by
the receptors as a result of an underwater noise emitting activity.

For a stationary source, such as installation of a foundation, the installation procedure, as well as the swim speed for
the receptor, must be included. A method for implementing such conditions in the calculation of cumulative SEL has
been proposed by (Energistyrelsen, 2022), for the Danish guidelines for pile driving activities, as given by Equation 5.
Here, the duration is fixed to 24h to represent the daily cumulative SEL, Lg cym 24n- If multiple foundations are installed
in the same 24-hour window, all must be included in the calculation.

N S; (LS,E —X+logyo(ro+ve*ti)—Ax(ro +Vf*ti))
L cum,24n = 10 *logy, Z 100% *10 10 Equation 5
i=1

Where:
e S, is the percentage of full hammer energy of the i'th strike
e N is the total number of strikes for the pile installation
e Lgg is the sound exposure source level at 1 m distance at 100% hammer energy.
e X and A describe the sound exposure propagation losses (EPL) for the specific project site
e 1y is the marine mammal distance to source at the onset of piling
e v isthe swim speed of the marine mammal directly away from the source
et is the time difference between onset of piling, and the it" strike.

The parameters related to the source level, hammer energy, number of strikes and time interval between each strike
should be based on realistic worst-case assumptions and can be achieved through a site-specific drivability analysis.
The relationship between hammer energy level and pile strike number is referred to as the hammer curve.

Project ID: 10416572-003
Document ID: 6AXTPJX45EQU-623474705-80

Prepared by: KRHO / MAM Verified by: MAWI Approved by: MAM
10/72



f
NIRWN\S

The sound propagation parameters (X and A) must be determined through an advanced sound propagation model,
in which all relevant site-specific environmental parameters are considered.

The calculation model presented in Equation 5, is used throughout the report for all calculations of cumulative SEL.
Furthermore, the Danish approach of including all installations occurring within a 24-hour period is adopted, and
LE cum,24n IS therefore used for the remainder of this report.

3.5. Maximum-over-depth

Sound propagation modelling is conducted in a number of directions, or radials, from source outwards. For each ra-
dial, the sound propagation loss is calculated in a range x depth grid, with spacing chosen based on local conditions.
As the sound propagation loss will not be the same at all depths, a worst case approach is taken, whereby for each
range step, the lowest (most conservative) sound propagation loss over all modelled depths, is used, and the rest are
discarded. This concept is called Maximum-Over-Depth (MOD) and ensures a conservative approach, such that all
extracted sound levels represent the highest level at any depth at each distance throughout the model area.

It should be noted, that in this way, surface plots showing underwater noise contours, will not represent a certain
depth, but rather the maximum sound levels over all depths.

4. Underwater noise impact criteria

Guidance or threshold values for regulating underwater noise during construction of OWFs (pile driving) have been
developed by several different countries and international organizations. There are different approaches in the differ-
ent countries when it comes to assessing impacts from pile driving on marine mammals and fish. The project area is
located in the Finnish EEZ, and Finland does not have established guidelines for underwater noise from impact pile
driving. On the reasoning for the modelled threshold values, the reader is referred to the respective impact assess-
ments for fish and marine mammals.

4.1.  Applied threshold for fish

Unmitigated pile driving turbine foundations into the seabed can cause extreme underwater noise levels and is one of
the largest potential pressures to fish in all life stages in areas where turbines will be established. Fish eggs and fish
larvae are not particularly sensitive to underwater noise and are primarily affected when underwater noise is so high
that it can damage their tissue (Andersson et al., 2017). Generally, the frequency range, where fish hear best, is similar
to the frequencies with the largest acoustic energy emission generated by pile driving (Bellmann, 2018; Richardson, et
al., 1995).

Fish have a wide range of hearing capabilities to perceive underwater noise and can be classified as hearing general-
ists or hearing specialists (Fay et al., 1999) (Sand & Karlsen, 2000) depending on the species. The most perceptive fish
species to underwater noise are those with swim bladders linked to inner ears, which include clupeids such as the pe-
lagic species sprat and herring (Popper et al., 2014). These species can hear frequencies that span from infrasound
(<20 Hz) up to approximately 8 kHz, however with decreasing sensitivity the higher the frequency (Enger, 1967; Sand
& Karlsen, 2000). Other species with swim bladders but less specialized internal connections with inner ears, are cod-
fish, salmons and mackerel, which can be considered hearing generalists with slightly less sensitivity to perceive under-
water noise (Chapman & Hawkins, 1973) (Popper, et al., 2014). These species can hear sound from infrasound up to
500 Hz (Chapman & Hawkins, 1973). In almost all demersal fish, such as flatfish, the swim bladder degenerates after
the larval stage and thus demersal fish species have poor hearing capabilities and are not particularly sensitive to un-
derwater noise (Karlsen, 1992). These and other demersal fish species associated with seabed habitats such as gobies
(Gobidae), sculpins (Cottidae), dragonet etc. are hearing generalists with poor hearing capabilities and low sensitivity
to noise that typically hear in the range from infrasound up to a few 100 Hz (Sand & Karlsen, 2000).
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Auditory threshold shift (TTS and PTS)

Specific knowledge of how different fish species react to noise (behavioural responses) is relatively limited and there is
no consensus on behavioural thresholds in fish. Defining one common behavioural threshold criteria for fish is difficult
and can never fit all fishes, since species vary greatly in so many ways. There are differences in their hearing capabili-
ties and how they respond to stimuli in general (swim away, bury in the substrate, etc.) that will affect whether a sound
at a given level will elicit a response or not. Moreover, responses to a signal may vary within a species, and even a sin-
gle animal, depending on things such as sex, age, size, and motivation (feeding, mating, moving around a home
range, etc.) As a consequence, developing behavioural guidelines is far harder than developing guidelines for physio-
logical effects especially since behavioural responses are.

Elevated levels of underwater noise as well as continuous and accumulated noise (SELcum) can result in a decrease in
hearing sensitivity in fish. If hearing returns to normal after a recovery time, the effect is a temporary threshold shift
(TTS).Sound intensity, frequency, and duration of exposure are important factors for the degree and magnitude of
hearing loss, as well as the length of the recovery time (Neo et. al,, 2014) (Andersson et al., 2017). Extreme levels of
noise from, for example, pile driving can be so high that they can cause permanent hearing loss (PTS) from damage
to tissue and hearing organs when in the near vicinity of the activity, which can be fatal for fish, fish eggs and fish lar-
vae (Andersson et al., 2017).

Guidelines for temporary hearing loss (TTS) in fish species with a swim bladder involved in hearing, called a hearing
specialist (e.g. herrings) and fish with a swim bladder that is not involved in hearing, called a hearing generalist (e.g.
cod) (Popper et al., 2014) are given in Table 4.1.

Table 4.1: Unweighted threshold criteria for fish (Andersson, et al, 2016), (Popper, et al., 2014).

Species Swim speed Species specific unweighted thresholds (Impulsive)
[my/s] L) cam24hmnweighted
TTS [dB] Injury [dB]

Stationary fish 0 186 204
Juvenile Cod 038 186 204
Adult Cod 0.9 186 204
Herring 1.04 186 204
Larvae and eggs = = 207

Cod do not occur in the project area for Halla OWF, however as the threshold to represent other hearing generalist
like salmons, smelt and whitefish, which occur in the project area for Halla OWF. Thresholds for tissue damage and
hearing loss leading to mortality in fish, fish eggs and larvae are also given in Table 4.1. Fish species without swim
bladders (primarily demersal species) including all flatfish species and other demersal species, are much less percep-
tive to noise than fish species with swim bladders (primarily pelagic) and codfish, and it can be expected that actual
tolerance thresholds for demersal fish are higher than pelagic fish. However, because information of threshold values
is very limited, the threshold values for the least tolerant fish species are used for all species including demersal spe-
cies in this analysis.

Threshold levels for when fish begin to experience hearing loss depending on their hearing capabilities, begins at
around 186 dB SELcum for fish least tolerant to noise (Table 4.1). Conservatively, the noise level where irreversible
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hearing loss and permanent injuries leading to mortality is set at 204 dB for all fish, and at 207 dB SELcum for fish lar-
vae and eggs.

Assessment of the noise impact on fish, larvae and eggs are all based on frequency unweighted threshold levels using
the metric Lg cum 24n, and are presented in Table 4.1. The threshold is adopted from (Andersson, et al., 2016) and
(Popper, et al., 2014).

4.2. Applied threshold for marine mammals

As seals are adapted to life both in water and on land, their hearing ability has adapted to function in both environments.
Seals produce a wide variety of communication calls both in air and in water, e.g., in connection with mating behaviour
and defence of territory. There is limited knowledge of the underwater hearing abilities of grey and ringed seal. However
the hearing threshold of harbour seals are generally recommended to be used as a conservative estimate of the hearing
threshold for those Phocids (‘true seals’), where the hearing has not yet been as thoroughly investigated (Southall, et
al, 2019). Seals hear well in the frequency range from a few hundred Hz up to 50 kHz.

Based on the newest scientific literature, it is recommended that the Lg cym24n @nd frequency weighting is used to as-
sess TTS and PTS. Threshold levels for TTS and PTS are primarily based on a large study from the American National
Oceanographic and Atmospheric Administration (NOAA), (NOAA, 2018), where species specific frequency weighting is
proposed, accounting for the hearing sensitivity of each species when estimating the impact of a given noise source.

In (NOAA, 2018) the marine mammal species, are divided into four hearing groups, revised in wording in (Southall, et
al, 2019), in regard to their frequency specific hearing sensitivities: 1) Low-frequency (LF) cetaceans, 2) High-frequency
(HF) cetaceans, 3) Very High-frequency (VHF) cetaceans, 4) and Phocid pinnipeds (PCW) in water. For this project,
only the latter is relevant. More details about the hearing groups and their frequency sensitivities are given in section
4.4. The hearing group weighted threshold criteria can be seen in Table 4.2.

There is a general lack of quantitative information about avoidance behavior and impact ranges of seals exposed to
pile driving noise and the few studies point in different directions. During construction of offshore wind farms in The
Wash, south-east England in 2012, harbour seals usage (abundance) was significantly reduced up to 25 km from the
pile driving site during unmitigated pile driving (Russell, et al., 2016). Based on the results, Russell et al. (2016) sug-
gested that the reaction distance for seals to unabated pile driving was comparable to that of harbour porpoises. On
the other hand, Blackwell et al. (2004) studied the reaction of ringed seals to pile driving in connection with establish-
ment of an artificial island in the arctic and saw limited reactions to the noise. As a precautionary approach, it has
been assumed that seals react to underwater noise from piledriving at the same distance as harbour porpoise.

A literature review of avoidance behaviour and onset threshold levels in (Tougaard, 2021), included both studies in
captivity where pile driving noise was played back at greatly reduced levels, and field studies of reactions of wild por-
poises to full-scale pile driving. From the review, the conclusion in (Tougaard, 2021) is that the behavioural avoidance
threshold is in the range between Ly 125ms = 95 — 110 dB re. 1 pPa, and a suitable single value of Ly 125ms =

103 dB re. 1 uPa VHF-weighted. The single value is obtained from (Band, et al., 2016) which includes the largest
amount of empirical data. In the present report, a behavioural threshold for harbour porpoises of 103 dB Ly 125ms
VHF-weighted is therefore used, see Table 4.2.
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Table 4.2: Species specific weighted threshold criteria for earless seals. This is a revised version of Table AE-T in (NOAA, 2018) to high-
light the important species in the project area (NOAA, 2018) including behaviour response. “xx" indicates the weighting function.

Species Species specific weighted thresholds (non-impulsive) Species specific weighted thresholds (Impulsive)
LE,cum,24h,xx LE,cum,24h,xx Lp,lZSms,VHF
TTS [dB] PTS [dB] TTS [dB] PTS [dB] Behaviour [dB]
Seal (PCW) 181 201 170 185 103

Thresholds listed as “non-impulsive”, apply for continuous noise (e.g., ship noise) and whilst impulsive noise is ex-
pected to transition towards continuous noise over distance from the source, this transition is not expected to occur
within the distances at which PTS and/or TTS can potentially occur as a result of these activities. For impulsive sources
such as pile driving, stricter threshold levels apply as listed in Table 4.2. Threshold levels for continuous noise are more
lenient, than those for impulsive noise, and use of the impulsive noise criteria, therefore provides conservative dis-
tance-to-threshold. The non-impulsive thresholds will not be considered further in this report.

4.3. Distance-To-Threshold
The impact criteria, as presented in section 4.1 and 4.2, rely on determining the Distance-To-Threshold (DTT),
T<threshold> + Which are the distances at which the various thresholds are likely to occur.

As such, DTT for PTS (DTTprs) is symbolized as rprs and TTS (DTTrrs) is symbolized as rprs, both describing the
minimum distance from the source, a marine mammal must be deterred to, prior to onset of the pile driving in order
to avoid the respective impact. It does therefore not represent a specific measurable sound level, but rather a starting
distance.

The DTT for behaviour, ryenay, ON the other hand, describes the specific distance, up to which a behavioural response
is likely to occur.

It should be noted, that for impact pile driving, a significant portion of the installation time will not be conducted ap-
plying maximum hammer energy, however a steadily increasing amount of energy from soft start (10-15% of hammer
energy) through ramp up (15%-99%) to full power (100%). Depending on the soil conditions, the hammer energy re-
quirements through the ramp up and full power phases will vary from site to site, and even between individual pile
locations within a project site.

4.4. Frequency weighting functions

As described in previous sections, the impact assessment for underwater noise includes frequency weighted threshold
levels. In this section, a brief technical explanation of the frequency weighting method is given.

Humans are most sensitive to frequencies in the range of 2 kHz - 5 kHz and for frequencies outside this range, the
sensitivity decreases. This frequency-dependent sensitivity correlates to a weighting function, for the human auditory
system it is called A-weighting. For marine mammals the same principle applies through the weighting function, W(f),
defined through Equation 6.
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ﬁ) Equation 6

Where:

e ais describing how much the weighting function amplitude is decreasing for the lower frequencies.

e b is describing how much the weighting function amplitude is decreasing for the higher frequencies.

e f, is the frequency at which the weighting function amplitude begins to decrease at the lower frequencies
[kHz]

e f, is the frequency at which the weighting function amplitude begins to decrease at the higher frequencies
[kHz]

e Cis the function gain [dB].

For an illustration of the parameters see Figure 4.1.

amplitude (dB)

Figure 4.1: lllustration of the 5 parameters in the weighting function (NOAA, 2018).

The parameters in Equation 6 are defined for the relevant hearing groups and the values are presented in Table 4.3.

Table 4.3: Parameters for the weighting function for the relevant hearing groups (NOAA, 2018).

Hearing Group b f, f, C
a
[kHZ] [kHz] [dB]
Phocid Pinniped (PCW) (Underwater) 1.0 2 19 30 0.75

By inserting the values from Table 4.3 into Equation 6, the following spectra is obtained for the PCW hearing group
(grey and ringed seals).
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Figure 4.2: The weighting functions for seals (Phocid pinnipeds).

5. Ambient Underwater Noise Study

In this chapter, the ambient noise levels in the region are examined, based on available information, and the implica-
tions are discussed.

5.1. Ambient noise level

No site specific measurements of ambient noise for the Halla OWF area were conducted. For the Baltic Sea however,
the ICES continuous underwater noise dataset (ICES, 2018), presents the underwater noise levels in the Baltic Sea as an
average of each quarter of 2018 (Q1 — Q4). The noise maps represent a simplified modelled ambient noise level con-
sisting of underwater noise from wind speed and vessel noise (based on AlS data). Noise levels are presented for indi-
vidual 1/3 octave frequency bands as the median ambient noise level (SPL,.,s) over all water depths for the quarter.

The noise levels are limited to three frequency bands of 63, 125 and 500 Hz. The two one-third octave band acoustic
measurements centred at 63 and 125 Hz are used as international (European Union Marine Strategy Framework Di-
rective) indicators for underwater ambient noise levels driven by shipping activity (EC Decision 2017/848, 2017). Noise
maps for the project area and surroundings are shown in Figure 5.1 - Figure 5.3, for the frequency bands 63 Hz, 125
Hz and 500 Hz respectively. In addition to the 2018 data set, the data portal also features a 2014 data set (ICES, 2014)
including a modelled noise map for the frequency band 2 kHz, see Figure 5.4.

The ICES maps show that the ambient noise levels are relatively invariant with season, and with frequency. Overall
sound levels are below 100 dB in each frequency band and season. In Figure 5.5, the EMODnet vessel density map
(EMODnet, CLS, 2022), is shown for the project area and surroundings for the months of February, May, August and
November (as representative months for Q1 — Q4). By comparison, a certain correlation with shipping and noise level
is observed, however due to the lack of any significant shipping lanes nearby, the noise level is more spatially distrib-
uted, rather than concentrated.

It should be noted that the ambient noise level is only modelled for four frequency bands, making it difficult to com-
pare the impacts on marine life, especially for species with a high frequency hearing.
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Figure 5.1: ICES soundscape map during Q1-Q4 2018, 50" percentile SPLyys o311, [dB Te. 1uPa?].

Project ID: 10416572-003
Document ID: 6AXTPJX45EQU-623474705-80

Prepared by: KRHO / MAM Verified by: MAWI Approved by: MAM

17/72



0X2
Halla Offshore Wind Farm

Ambient underwater soundscape
Natural and shipping sources
125 Hz, ICES Q1 - Q4 2018

Q12018

Q22018

Q3 2018

Q4 2018

NIRAS

SPLrms,L50
<= 65 dB
65-70dB
70-75dB
75-80dB
80 -85dB
85-90dB
90 - 95dB
95 - 100 dB
100 - 105 dB
105-110dB
110 - 115dB
> 115dB

Halla project area (211014)
OpenStreetMap

30

45

60 kni

Figure 5.2: ICES soundscape map during Q1-Q4 2018, 50" percentile SPLyys 1251, [AB Te. 1uPa?).
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Figure 5.3: ICES soundscape map during Q1-Q4 2018, 50" percentile SPLyms soonz [dB Te. 1uPa?).
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Figure 5.5: Vessel density map from 2022, from EMODnet (EMODnet, CLS, 2022) based on AlS data from CLS.
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6. Underwater sound propagation modelling background knowledge
Underwater sound propagation modelling for pile driving activities requires two parts. The first part, is a source model
that approximates the actual pile driving sound emission as closely as possible, based on the project specific installa-
tion parameters. The concept of source model implementation is discussed in section 6.1 supplied with a description
of underwater noise mitigation measures in section 6.2.

The second part is an underwater sound propagation model that approximates the propagation characteristics of the
local (and regional) environment around the pile installation position. Such a model should include as detailed infor-
mation as available for the environmental parameters of importance, most notable the bathymetry, seabed sediments,
as well as salinity, temperature and sound speed profiles. The sound propagation model concepts are discussed in
section 6.3. The implementation method for the environmental parameters is described in section 6.4.

6.1.  Source model concept

The source model must represent the actual underwater sound source as accurately as possible, with regards to both
source level, frequency content, as well as the temporal aspects of the activity. Any mitigation measures intended
must also be included. These parameters are described in detail in the following sections.

6.1.1.  Pile driving source level

The best available knowledge on the relationship between pile size and sound level, comes from a report on meas-
ured sound levels from pile driving activities in (Bellmann, et al., 2020), which provides a graphic summary of meas-
ured sound levels at 750 m distance as a function of pile size. This is shown in Figure 6.1. The measurements are all
normalized to 750 m distance from the pile.
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Figure 6.1: Relationship between measured SPL and SEL levels, measured at 750 m distance, and pile size (Bellmann, et al., 2020).

Examining Figure 6.1, the blue curve shows the best fit of the measurement results. For the SEL results, this relationship
between pile size and measured level is approximately ASEL = 20 * log10 (%) where D1 and D2 are the diameter of

2 piles, and ASEL is the dB difference in sound level between the two. This relationship shows that, when doubling the
diameter, SEL increases by 6 dB.
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In order to use this data in an underwater sound propagation model, the source level at T m distance must be known.
A common method to achieve this is through back-calculating empirical data from measurements to 1 m, whereby an
equivalent source level represented as a point source is obtained. This is done, using a combination of Thiele's equa-

tion for sound propagation (Thiele, 2002), as well as NIRAS own calibration model based on several measurements at

real sites. It should be noted that this approach will result in the measured sound levels at 750 m and provide accurate
prognosis at further distances. It is however less accurate at distances closer to the source than 750 m as the near field
is prone to significant positive and destructive interference patterns.

From Figure 6.1t should be noted that variations in measured sound levels for a specific pile size do occur, as indi-
cated by the spread of datapoints, around the fitted (blue) lines. This spread gives a 95%-confidence interval of +5 dB
which is indicated by the grey shaded areas. This is considered to be a result of varying site conditions and hammer
efficiency applied for the individual pile installations and projects. For any project, it should therefore be considered
whether the site and project specific conditions call for a more cautious source level estimate, than that of the average
fitted line. In the following section, the different parameters which give rise to uncertainties regarding the source level,
are examined.

6.1.1.1.  Uncertainties in determining source level

In the following, several parameters influencing the actual source level for any specific installation are examined briefly.

Soil resistance

The foundation is installed by driving the piles into the seabed, which requires the predominant soil resistance has to
be overcome. In general, the larger the soil resistance, the higher the blow energy required, which in turn increases
the noise output (Bellmann, et al., 2020). For this reason, the harder, more compacted, and typically deeper, sediment
layers require more force to be applied, thus increasing hammer energy and noise output as the piling progresses.

Water depth
The water depth, in shallow water, can also influence the noise emission. As the water depth decreases, the cut-off

frequency increases, which can be seen in Figure 6.2. Frequency content of the noise source, below the cut-off fre-
quency, has difficulty propagating through the water column, and will be attenuated at an increased rate, compared
to frequency content above the cut-off (Bellmann, et al., 2020).

The cut-off frequency is dependent on, not only the water depth, but also the upper sediment type of the seabed.
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Figure 6.2: Cut off frequency and its dependency on sediment type and water depth (Bellmann, et al., 2020).
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Hammer energy

An increase in hammer energy applied to a pile, will transfer more energy into the pile and therefore also results in a
higher noise emission. In Figure 6.3, which shows the SEL versus penetration depth and blow energy, it can be ob-
served how increasing the blow energy, also increases the measured SEL.

This relationship is approximated by 2-3 dB increase in measured SEL every time the blow energy is doubled
(Bellmann, et al., 2020).
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Figure 6.3: Relationship between SEL versus penetration depths and blow energy (Bellmann, et al., 2020).

Impact hammer type

Modern impact pile drivers typically consist of a large mass, or weight, suspended inside a hydraulic chamber, where

the pressurized hydraulic fluid is used to push up the weight to the desired height, after which it is dropped. The im-

pact is then transferred through an inner construction of shock absorbers and an anvil connected to the pile top. This
motion transfers a large part of the applied energy to drive the pile downwards (Adegbulugbe, et al., 2019).

Using a large impact hammer with a heavy falling mass at 50-60% of its full capacity will, for acoustic reasons, lead to
lower noise output compared to that from a smaller impact hammer using 100% capacity to achieve the same blow
energy. While the two hammers will deliver the same energy to the pile, the maximum amplitude will be lower for the
large impact hammer due to extended contact duration between hammer and pile-head. Different impact hammers
can give up to several decibels difference (Bellmann, et al., 2020).

Pile length and degree of water immersion

A pile installation can be conducted through either above sea level piling, where the pile head is located above water
level, or through below sea level piling, where the pile head is located below the water line. The former is typically the
case for monopiles, while the latter is often the case for jacket piles (Bellmann, et al., 2020). A combination of the two
is also possible, where the pile head is above water at the beginning of the pile installation and is fully submerged in
the late stages of the piling.

Above water level piling automatically means that part of the pile is in contact with the entire water depth, and thus
has a large radiating area. For below water level piling, this is not the case, as parts of the water column might no
longer be occupied by the pile, but rather the hammer. For this reason, a higher noise emission is to be expected if
the pile head is above water level (Bellmann, et al., 2020).
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6.1.2.  Pile driving frequency spectrum

Due to the natural variations of measured frequency content, Figure 6.4 (grey lines), between sites, piles, water depths,
hammer energy levels and other factors, it is almost guaranteed that the frequency response measured for one pile
will differ from that of any other pile, even within the same project.

Since it is practically impossible to predict the exact frequency spectrum for any specific pile installation, an averaged
spectrum (red line), for use in predictive modelling, is proposed by (Bellmann, et al., 2020).
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Figure 6.4: Measured pile driving frequency spectrum (grey lines) at 750m, with the averaged spectrum shown as the red line
(Bellmann, et al., 2020). The spectrum ranges from 110-180 dB.

The spectrum shown to the left in Figure 6.4 is the pile driving frequency spectrum (grey lines) measured at 750 m for
pin piles with diameters up to 3.5 m. The red line indicates the averaged spectrum and is proposed to be used as a
theoretical model spectrum for sound propagation modelling of pin piles.

The right side of Figure 6.4 is showing the pile driving frequency spectrum (grey lines) measured at 750 m for mono-
piles with diameters of minimum 6 m. The red line indicates the averaged spectrum and is proposed to be used as a
theoretical model spectrum for sound propagation modelling of monopiles for the measured spectrums.

6.2.  Pile driving mitigation measures
As foundation structures become larger and more knowledge come to light about marine mammal hearing, the more
unlikely it is that the projects can comply with local regulation without mitigation measures.

This section provides a brief description of different Noise Abatement Systems (NAS), used as a general descriptor for
measures taken that reduce the underwater noise emitted. Such systems can be either on-pile systems, actively reduc-
ing the source noise output or near-pile which reduces the noise emission after it has entered the water column.

6.2.1. Noise abatement system types

6.2.1.1.  Big bubble curtains

The most frequently applied technique uses big bubble curtains (BBC). Air is pumped into a hose system positioned
around the pile installation at the bottom of the sea, at a distance of 50 — 200 m. The hoses are perforated and air
bubbles leak and rise towards the surface as air is pressured to the hose via compressors on a surface vessel. This
forms an air curtain through the entire water column from seabed to sea surface. Due to the change in sound speed
in the water-air-water bubble interface, a significant part of the outgoing noise is reflected backwards and kept near
the pile, while the remaining noise energy going through the bubble curtain is greatly attenuated (Tsouvalas, 2020).
Part of the noise emission from pile driving occurs through the sediment, which is then reintroduced to the water col-
umn further from the pile. It is important, that bubble curtains are not placed too close to the pile, as this would
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reduce their effectiveness on noise transmitted through the soil. By placing the bubble curtain further from the pile, it
can mitigate some of this noise as it enters the water column. Bubble curtains usually surround the construction site
completely leaving no gaps where noise is emitted unattenuated.

Currents can cause a drift in bubbles, but this difficulty can be overcome if the bubble curtain is installed in an oval
rather than a circle. This system was used for example in Borkum West Il, where a noise reduction of on average 11 dB
(unweighted broadband) was achieved with the best configuration. This project tested different configurations. The
success depended on three parameters: size of holes in the hosepipe (determines bubble sizes), spacing of holes (de-
termines density of bubble curtain) and the amount of air used (air pressure). The best configuration was found to be
with relatively small holes, a small spacing and using a substantial air pressure (Diederichs, et al., 2014).

The effect of bubble curtains can be increased further if a second bubble curtain is installed even further from the in-
stallation, referred to as a Double Big Bubble Curtain (DBBC). The effect is greatest if the distance between the sys-
tems is at least three times the water depth (Koschinski S et al., 2013).

6.2.1.2. Pile sleeves

A pile sleeve is an on-pile mitigation system forming a physical wall around the pile. One such system is the Noise
Mitigation Screen from IHC (IHC-NMS) where a double walled steel sleeve with an air-filled cavity is positioned over
the pile, thus using the impedance difference in the water-steel-air-steel-water interfaces to reduce the sound trans-
mission. This system has been used for example at the German wind park Riffgat. Noise mitigation was assessed to be
around 16-18 dB (VerfuB, 2014). Often, a pile sleeve NAS is applied in combination with a bubble curtain solution to
increase the overall mitigation effect. The pile sleeve NAS however has an important limitation to consider for future
installations, as the weight of the system is significant. With increasing pile sizes, the pile sleeve also increases in size,
and thereby weight. It is uncertain whether this system is applicable for large future monopiles.

Cofferdams are a special type of pile sleeve. They also surround the pile, however in comparison to the IHC-NMS, the
water in between the pile and the sleeve is extracted, so that the interface from pile to water becomes air-steel-water.
These sleeves are deemed to reduce noise by around 20 dB, as demonstrated in Aarhus Bay (VerfuB3, 2014). However,
tests further offshore and in connection with the construction of wind parks have yet to be conducted (Verfuf3, 2014).

An inherent challenge with this solution is that it can be difficult to keep the water out of the cofferdam, as local sedi-
ment conditions can prevent a perfect water-tight seal with the seabed.

6.2.1.3.  Hydro-sound-dampers

Hydro Sound Damper (HSD) systems are in many ways similar to the bubble curtain, however instead of using hoses
with air, the curtain consists of fixed position air-filled balloons or foam-balls. The size, spacing and density of the
foam balls or air-filled balloons then dictate the achievable noise mitigation. With the HSD system, it is possible to
"tune” the NAS to work optimally at specific frequencies, thus allowing for project specific optimal solutions. For the
same reason however, the system is typically less effective at other frequencies.

6.2.2. Noise abatement system effectiveness

For commercially available and proven NAS, a summary of achieved mitigation levels throughout completed installa-
tions is given in (Bellmann, et al., 2020), as shown in Figure 6.5. The listed broadband mitigation, ASEL represents a flat
frequency spectrum, in order to compare the efficiency of the different mitigation systems on different pile installa-
tions. That is, the source level reduction achievable for a source with equal acoustic energy in all octave bands, also
called pink noise. Pile driving spectra however, as described in section 6.1.2, are far from a flat octave band spectrum,
and the effective noise mitigation achieved in terms of sound level measured with and without the system in use at a
specific installation will therefore differ from the listed mitigation. In Figure 6.6, the broadband flat spectrum attenua-
tion achieved with the different NAS, are instead given in 1/3 octave bands, thus showing the achieved mitigation per
frequency band.
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Lastly, it is important to recognize, that development of new and improved noise mitigation systems is an ongoing
process, and with every offshore wind farm installed, new knowledge and often better solutions become available.

Noise Abatement System resp. Insertion loss Number of
No. combination of Noise Abatement ASEL [dB] foundations
SySt_ems_ (minimum / average / maximum)
(applied air volume for the (D)BBC; water depth)
1 THC-NMS (different designs) 13=15=17 dB = 450
(water depth up to 40 m) IHC-NMS8000 15 < 16 = 17 dB =65
HSD
2 10=11=12dB =340
(water depth up to 40 m)
optimized double BBC*!
3 . 15 - 16 1
(= 0,5 m /(min m), water depth ~ 40 m)
combination IHC-NMS + optimized BBC
4 R 17 =19 =23 =100
(= 0,3 m /(min m), water depth < 25 m)
combination IHC-NMS + optimized BBC
5 R 17 - 18 =10
(= 0,4 m /(min m), water depth ~ 40 m)
combination IHC-NMS + optimized DBBC
6 R 19 <21=22 =65
(= 0,5 m /(min m), water depth ~ 40 m)
combination HSD + optimized BBC
7 R 15 <16 < 20 =30
(= 0,4 m /(min m), water depth ~ 30 m)
combination HSD + optimized DBBC
8 R 18 -19 =30
(= 0,5 m /(min m), water depth ~ 40 m)
GABC skirt-piles*?
o (water depth bis ~ 40 m) ~2-3 <20
GABC main-piles*?
10 (water depth bis ~ 30 m) <7 <10
LNoise-optimized” pile-driving
procedure B .
11 (additional additive, primary noise ~ 2 - 3 dB per halving of the blow energy
mitigation measure; chapter 5.2.2)

Figure 6.5: Achieved source mitigation effects at completed projects using different NAS, (Bellmann, et al., 2020).
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Figure 6.6: Frequency dependent noise reduction for NAS, (Bellmann, et al., 2020).

Project ID: 10416572-003

Center Frequency / Hz

Document ID: 6AXTPJX45EQU-623474705-80
Prepared by: KRHO / MAM Verified by: MAWI Approved by: MAM

10
BBC
—— DBBC
01 ~~~ HSD
—-— THC
—10 4%, —— HSD+DBBC
3 ---- THC+DBBC
THC+BBC
=207/
=30 -
—40 -
v
50 SpectrallnstertionLoss_differnt_nms_en:png itaD
16 32 63 125 250 500 1k 2k 4k 8k 16k

27/72



In Figure 6.6 the mitigation effect is provided as the noise level relative to installation without any active NAS, so the
more negative the value, the better the mitigation effect. In numeric form, the mitigation effect in the different fre-

quency bands is provided in Table 6.1.

Table 6.1: Mitigation effect of different Noise Abatement Systems (NAS) (Bellmann, et al., 2020). Values are indicated by frequency
band specific mitigation effects. The more negative the value, the better the mitigation effect.

Frequency Mitigation effect of NAS [dB]
BBC DBBC HSD-DBBC
12.5 -1 4 -10
16 -5 -8 -13
20 -3 -6 -8
25 -10 =3} =2
315 -20 -23 -13
40 -23 -26 -14
50 -16 -20 -17
63 -18 -21 -22
80 -23 27 23
100 22 -26 -25
125 -23 -27 -20
160 =22 -25 -26
200 -23 -26 -27
250 -28 -31 -33
315 -29 -32 32
400 -37 -39 -36
500 -38 -41 -38
630 -36 -39 -42
800 -38 -41 -44
Tk -40 -43 -43
1.2k 42 42 -1
1.6k 41 -41 41
2k -40 -40 -39
2.5k =39 =39 -38
3.2k -38 -38 -37
4k -36 -36 -35
5k -33 -33 -35
6.3k -30 -30 -34
8k -28 -28 34
10k -27 -27 -33
12.5k -23 -23 -32
16k -19 -19 -30
20k -16 -16 -25
25k -13 -13 -20

It should be noted from Table 6.1, that the HSD-DBBC mitigation effect is less than that of the DBBC system at individ-
ual frequencies in the low and mid frequency region. This would imply, that the mitigation effect is worse for a NAS

consisting of an HSD and a DBBC system, compared to a DBBC system alone.
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While the measurements would indeed indicate such an effect, it must be noted, that the representation method in
(Bellmann, et al., 2020) does not represent the effect of a single fixed system used in different projects, but rather the
average of a number of different systems, across different pile installations, across different project areas and current
conditions. It is not clear from the report, when and where each NAS effect was measured, and it is therefore not pos-
sible to determine what would contribute to the achieved effects.

As the measurement results originate from German OWFs, it is however worth noting the measurement procedure for
installations including NAS, where one pile is measured without any NAS active, one pile is measured with each indi-
vidual NAS (such as BBC or IHC) and the rest of the piles are measured with all NAS active (such as IHC-NMS+DBBC).
It is also worth emphasizing that the mitigation effect presented is the average of achieved mitigation, and given the
continuous development of NAS technology, it is considered likely that performance would typically improve over
time. Utilizing the reported average mitigation effect is therefore considered conservative. It should furthermore be
expected, that entirely new and more effective NAS technologies and installation methods emerge in the coming
years, however until such methods exist, it is not possible to include in a prognosis.

In summary, prediction of achievable mitigation effect for any system, based on past implementations, must be con-
sidered cautiously, and it should be expected that variations will occur between projects. The previously achieved miti-
gation effects can however be used more broadly to identify which type(s) of NAS is likely to be necessary for the cur-
rent project, based on typical frequency specific mitigation effects.

If the purpose is to limit broadband noise output, an NAS with a high broadband mitigation effect could be a good
choice. However if the purpose is to reduce the impact on a specific group of marine mammal or fish, the frequency
specific mitigation effect should be considered when choosing NAS. As an example, the DBBC NAS is very effective at
reducing the broadband noise level, however for species such as porpoise (VHF) and dolphin (HF), which both have
high frequency hearing above 10 kHz, a combination of HSD with DBBC would provide significantly better protection.
It is therefore recommended to always conduct detailed site and pile specific underwater sound emission modelling
with incorporation of NAS available to the contractor, based on the project specific mitigation purpose.

6.3. Underwater sound propagation theory

This chapter provides a brief overview of underwater sound propagation theory and the software program used in the
modelling, followed by a description of the inputs used for the propagation model. This includes environmental and
source input parameters.

6.3.1. Underwater sound propagation basics

This section is based on (Jensen, et al., 2011) chapter 1 and chapter 3 as well as (Porter, 2011), and seeks to provide a
brief introduction to sound propagation in saltwater. The interested reader is referred to (Jensen, et al., 2011) chapter
1, for a more detailed and thorough explanation of underwater sound propagation theory.

Sound levels generally decrease with increasing distance from the source, which is known as the propagation loss (PL),
NpL. The PL is affected by a number of parameters making it a complex process.

The speed of sound in the sea, and thus the sound propagation, is a function of both pressure, salinity and tempera-
ture, all of which are dependent on depth and the climate above the ocean and as such are very location dependent.
The theory behind the sound propagation is not the topic of this report, however it is worth mentioning one aspect of
the sound speed profile importance, as stated by Snell's law, Equation 7.
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cos(0)

= constant Equation 7
Where:

e Bistheray angle [°]

e Cisthe speed of sound [?]

This relationship implies that sound waves bend toward regions of low sound speed (Jensen, et al., 2011). The implica-
tions for sound in water are, that sound that enters a low velocity layer in the water column can get trapped there.
This results in the sound being able to travel far with very low PL.

When a low velocity layer occurs near the sea surface, with sound speeds increasing with depth, it is referred to, as an
upward refraction. This causes the sound waves to be reflected by sea surface more than by the seabed. As the sea
surface is often modelled as a calm water scenario (no waves), it causes reduced PL, and thus a minimal loss of sound
energy. This scenario will always be the worst-case situation in terms of sound PL. For some sound propagation mod-
els, this can introduce an overestimation of the sound propagation, if the surface roughness is not included.

When a high velocity layer occurs near the sea surface with the sound speed decreasing with depth, it is referred to,
as a downward refraction. This causes the sound waves to be angled steeper towards the seabed rather than the sea
surface, and it will thus be the nature of the seabed that determines the PL. Depending on the composition of the
seabed some of the sound energy will be absorbed by the seabed and some will be reflected. A seabed composed of
a relatively thick layer of soft mud will absorb more of the sound energy compared to a seabed composed of hard
rock, which will cause a relatively high reflection of the sound energy.

In any general scenario, the upward refraction scenario will cause the lowest sound PL and thereby the highest sound
levels over distance. In waters with strong currents, the relationship between temperature and salinity is relatively con-
stant as the water is well-mixed throughout the year.

As an example, in the Baltic Sea, an estuary-like region with melted freshwater on top, and salty sea water at the bot-
tom, the waters are generally not well-mixed and great differences in the relation between temperature and salinity
over depth can be observed. Furthermore, this relationship depends heavily on the time of year, where the winter
months are usually characterized by upward refracting or iso-velocity sound speed profiles. In the opposite end of the
scale, the summer months usually have downward refracting sound speed profiles. In between the two seasons, the
sound speed profile gradually changes between upward and downward refracting.

Another example is the Gulf and Bay of Bothnia, where ice cover is present during winter and spring. After the thaw, in
April/May a gradual shift in sound speed profile from near-iso speed and/or upward refracting in the winter, to down-
ward refracting takes place. This is observed based on temperature and salinity readings throughout the year. The
readings come from the NOAAs World Ocean Atlas database (WOAT18), freely available from the “National Oceanic
and Atmospheric Administration” (NOAA) at https://www.nodc.noaa.gov/OC5/woal8/, (NOAA, 2019).

The physical properties of the sea surface and the seabed further affect the sound propagation by reflecting, absorb-
ing and scattering the sound waves. Roughness, density and sound speed are among the surface/seabed properties
that define how the sound propagation is affected by the boundaries.

The sea surface state is affected mainly by the climate above the water. The bigger the waves, the rougher the sea
surface, and in turn, the bigger the PL from sound waves hitting the sea surface. In calm seas, the sea surface acts as a
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very reflective interface with very low sound absorption, causing the sound to travel relatively far. In rough seas states,
the sound energy will to a higher degree be reflected backwards toward the source location, and thus result in an in-
creased PL. As previously mentioned, this is not always possible to include in sound propagation models, and the PL
can therefore be under-estimated, leading to higher noise propagation than what would actually occur.

Another parameter that has influence on especially the high frequency PL over distance is the volume attenuation,
defined as an absorption coefficient dependent on chemical conditions of the water column. This parameter has been
approximated by Equation 8 (Jensen, et al., 2011):

"=33x%x1073 + 011f* + 44f? + 3.0 X 1074f2 [dB
*== 1+f2  4100+f2 ™ km Equation 8

Where fis the frequency of the wave in kHz. This infers that increasing frequency leads to increased absorption.

6.3.2. Numerical sound propagation models

There are different algorithms for modelling the sound propagation in the sea, all building on different concepts of
seabed interaction and sound propagation. Commonly used sound propagation models for long distance modelling
tasks are Ray tracing, Normal Modes (NM), and Parabolic Equation (PE).

Ray tracing has a good accuracy when working with frequencies above 200 Hz, however in very shallow waters, the
minimum frequency would be higher, as the rays need space to properly propagate. Different techniques can be ap-
plied for ray tracing to improve and counteract certain of its inherent shortcomings (Jensen, et al., 2011). Ray tracing,
furthermore, is the only algorithm that inherently supports directional sources, that is, sources that do not radiate
sound equally in all directions.

The normal mode algorithm makes it possible to calculate the sound field at any position between the source and
receiver. Since the modes grow linearly with frequency, the algorithm is usually used for low frequencies, because at
high frequencies it is hard to find all the modes which contributed to the sound field (Wang, et al., 2014).

Last is the parabolic equation method, which is usually used for low frequencies, due to increasing computational re-
quirements with frequency squared. This method is generally not used for frequencies higher than 1 kHz. The method
is however more accepting of discontinuous sound speed profiles (Wang, et al., 2014).

In Table 6.2, an overview of the application range of the different sound propagation models is shown.

Table 6.2: An overview which indicates where the different sound propagation models are most optimal (Wang, et al., 2014).

Shallow water - Shallow water - Deep water — Deep water -
low frequency high frequency low frequency high frequency
Ray theory Ray theory Ray theory
Normal mode Normal mode
Parabolic equation

Green — suitable; — suitable with limitations;  Red — not suitable or applicable

In most real world sound propagation scenarios, a combination of two algorithms is typically preferred to cover the
entire frequency range of interest, such as normal modes for the low frequencies and ray tracing for the high frequen-
cies.
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In this regard, the split between the two is typically defined as f = % [Hz], where c is the speed of sound in [m/s] and

d is the average bathymetry depth in [m]. This however assumes, that the change in bathymetry is not several orders
of magnitude. If the bathymetry ranges from very shallow to very deep, it is likely that an optimal split frequency does
not exist. In such cases, it might be necessary to choose between calculation range and calculation accuracy.

In sound propagation modelling using mitigation systems, the sound levels of interest usually occur up to a few tens
of km from the source, and in most cases, the relevant bathymetry will either be shallow or deep, but rarely both. For
sound propagation modelling using unmitigated source levels, where it is desired to prognosticate the propagation
loss over tens to hundreds of km, it is however very likely that the bathymetry variation becomes problematic.

6.3.3.  Underwater sound propagation modelling software

NIRAS uses the underwater noise modelling software: dBSea version 2.3.4, developed by Marshall Day Acoustics.

The software uses 3D bathymetry, sediment and sound speed models as input data to build a 3D acoustic model of
the environment and allows for the use of either individual sound propagation algorithms or combinations of multiple
algorithms, based on the scenario and need. dBSea sound propagation results are afterwards post-processed in NI-
RAS’ software package SILENCE, where distances to relevant thresholds are calculated and noise contour maps are
Created.

6.4. Environmental model
The sound propagation depends primarily on the site bathymetry, sediment and sound speed conditions. In the fol-
lowing, these input parameters are described in greater detail.

6.4.1. Bathymetry

dBSea incorporates range-dependent bathymetry modelling and supports raster and vector bathymetry import.
Figure 6.7 shows a map of the bathymetry for Europe, where darker colours indicate deeper areas, and lighter colours
indicate more shallow water. The resolution of the map is 115 x 115 meters. EMODnet has created the map using Satel-
lite Derived Bathymetry (SDB) data products, bathymetric survey data sets, and composite digital terrain models from
several sources. Where no data is available EMODnet has interpolated the bathymetry by integrating the GEBCO Digi-
tal Bathymetry (EMODnet, 2021).

6.4.2. Sediment

In dBSea, the sound interaction with the seabed is managed through specifying the thickness and acoustic properties
of each seabed layer, where the uppermost layer is the most important. The thickness and acoustic properties of the
layers, from seabed to bedrock, is generally obtained thought literature research in combination with available site-
specific survey findings.

For determining the top layer type, the seabed substrate map (Folk 7) from https://www.emodnet-geology.eu/ is gen-
erally used. This map is shown in Figure 6.8.
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Figure 6.7: Bathymetry map over European waters from EMODnet, where light blue indicates shallow waters and dark blue indicates
deeper waters (EMODnet, 2027).

B 1.1 Mud
1.2 sandy Mud
1.3 muddy Sand
2. Sand
3. Coarse substrate

2l T 4. Mixed sediment

- 5. Rock & boulders
6. No data at this level of Folk

ke werewwo- w4 [o4 9. Restricted data

Figure 6.8: A section of the seabed substrate map, (Folk 7) (EMODnet, 2021).

6.4.3. Sound speed profile, salinity and temperature

The sound propagation also depends on the season and location dependent sound speed profile. To create an accu-
rate sound speed profile, the temperature and salinity must be known throughout the water column for the time of
year where the activities take place. As weather conditions prior to, and during installation can have an effect on the
salinity and temperature profiles, early prognosis based on historical values will be connected with a degree of uncer-
tainty.
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NIRAS uses NOAAs WOAT18, freely available from the “National Oceanic and Atmospheric Administration” (NOAA) at
https://www.nodc.noaa.gov/OC5/woal8/, (NOAA, 2019) which contains temperature and salinity information at multi-
ple depths throughout the water column.

For each of the sediment model positions, the nearest available sound speed profile, as well as average temperature
and salinity are extracted for the desired months.

7. Underwater noise prognosis for pile driving activities

This chapter describes the project specific details relevant to the source model and sound propagation model, as de-
scribed in chapter 5. Section 7.1 describes the project specific parameters used for the source model, and section 0
describes the environmental part of the sound propagation model. Settings used for the numerical sound propaga-
tion modelling software is provided in section 7.2.

7.1. Source model

7.1.1.  Foundation types

It is not yet decided which foundation types will be used for the actual installation. It may be a single foundation type,
or a mix of different foundation types. For the wind turbines, foundation types could include steel monopiles up to 18
m diameter, jacket foundations with pin piles up to 8 m diameter, gravitation or suction bucket or even floating struc-
tures with anchor piles.

Gravitation and suction bucket foundations are the foundation types with the lowest underwater noise emissions, and
are considered negligible from an underwater noise impact perspective. These options are therefore not considered
further in this report.

Floating foundations, consisting of a floating steel frame anchored to the seabed through a number of anchor lines.
Each anchor line would then be securely fastened in the seabed to one or more anchor piles. Since floating founda-
tion types are still largely untested, little data is available on pile sizes and the number of piles to be used per anchor
line, however it is expected that pile size and number of piles is inversely proportional. So the more anchor piles used
per anchor line, the smaller each pile would be. It is not expected that anchor piles in any case would exceed a diame-
ter of 8 m, and they are therefore considered to have less underwater noise emission than both jacket and monopile
foundations. Floating foundations will therefore not be treated further in this report.

In summary, it is assessed that the worst-case scenarios for the construction phase will be either monopiles of 18 m
diameter, or jacket foundations with 4 x 8 m pin piles. Due to differences in the frequency spectrum and number of
piles for the different foundation types, both are included in sound propagation modelling. Source models for the two
scenarios are described further in section 7.1.3.

The sound propagation modelling, conducted in this report assumes a single pile installation within any 24-hour pe-
riod for the monopile foundation type, and 4 pin piles per 24 hours for jacket foundations.

The technical source model parameters are provided in Table 7.1 for the monopile foundation scenario, and in Table
7.2 for the jacket foundation scenario.

The pile installation procedure for both foundation types include a soft start, at 10% of maximum hammer energy, a
ramp up phase, where the energy is gradually increased from 10% - 100%, and a conservative estimate for the full
power phase of the installation with 100% hammer energy.
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Table 7.1: Technical specifications and pile driving procedure for scenario 1: 18 m monopile foundation.

Technical specification for scenario 1

Foundation type Monopile
Impact hammer energy 6000 kJ
Pile Diameter 18 m
Total number of strikes pr. pile 10 400

Number of piles per foundation

1

Pile driving procedure

Name Number of strikes % of maximum hammer energy Time interval between strikes [s]
Soft start 200 10 2

Ramp-up 400 1000 500 500 800 2400 10 20 40 60 80 60 121212121212

Full power 4600 100 3.2

Table 7.2: Technical specifications and pile driving procedure for scenario 2: Jacket foundation with 4x8m pin piles.

Technical specification for scenario 2

Foundation type Jacket
Impact hammer energy 6000 kJ
Pile Diameter 8m
Total number of strikes pr. pile 10 400
Number of piles per foundation 4

Pile driving procedure

Name Number of strikes % of maximum hammer energy Time interval between strikes [s]
Soft start 150 10 2

Ramp-up 700 1000 500 500 1000 10 20 40 60 80 1212121212

Full power 6550 100 2.6

7.1.2.  Source positions

Sound propagation modelling for pile driving activities is conducted at the four positions shown in Figure 7.1. The
source positions were chosen due to their location relative to maximum expected sound propagation. In Figure 7.2,
the project area is shown in relation to the nearby Natura 2000 areas. In the following, distances to Natura 2000 areas

are only listed for those where marine mammals are listed as a protected species.

« Position 1is located at the northern part of the OWF area, at 46 km distance from the natura 2000 area “Perame-
ren saaret”. The water depth at the source position is 19 m, and topsoil sediments are mainly sand. This position is
considered representative worst case in regard to the sediment.
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« Position 2 is located in the easternmost of the OWF area, at ~47 km distance from the natura 2000 areas
"Perameren saaret”. The water depth at the source position is 19 m, and topsoil sediments are mainly “rock and
boulders” and sand. This position is considered representative worst case in regard to the sediment.

« Position 3 is located at the middle of the OWF area, at ~60 km distance from the natura 2000 areas “Marakallen”.
The water depth at the source position is 30 m, and sediment conditions are a mainly sand. This position is consid-
ered representative worst case in regard to the water depth.

« Position 4 is located at the southernmost corner of the OWF area, at ~68 km distance from the natura 2000 areas
"Marakallen”. The water depth at the source position is 48 m, and sediment conditions are a mix of sand, bedrock
and clay. This position is considered representative worst case in regard to the water depth and sediment.
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Figure 7.1: Source positions chosen for sound propagation modelling.
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Figure 7.2: Overview of nearby Natura 2000 areas.

7.1.3.  Source level and frequency spectrum

Following the methodology presented in the section 6.1, source levels and frequency spectrum for the two foundation
scenarios are defined in the following subsections.

7.1.3.1.  Foundation scenario 1: 18 m diameter monopile

For the monopile foundation scenario, the unmitigated and unweighted SEL at 750 m was derived to be: SELg750m =
186.7 dB re. 1 pPa?s. Backcalculating this level to T m, results in Lgz = 229.9 dB re. 1 pPa? m? s. The source level is
presented in all relevant metrics, with and without frequency weighting, see Table 7.3.

Table 7.3: Broadband source level for monopile foundation scenario, with and without frequency weighting.

Frequency weighting Source level (Lsg)[dB re. 1uPa*m?s]
Unweighted 2299dB
Phocid Carnivores in water (PCW) 206.4 dB

As previously mentioned, due to the unlikeliness of an unmitigated installation scenario being allowed, the source
model includes the application of a noise mitigation effect. For the monopile foundation scenario, the DBBC mitiga-
tion effect presented in Table 6.1 was used. Unmitigated as well as mitigated source level in 1/3 octave bands are pre-
sented in Figure 7.3. For the mitigated scenario, source levels with applied frequency weightings are also shown.
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Figure 7.3: Source level in 1/3 octave bands for 18 m monopile; unmitigated and mitigated using DBBC equivalent mitigation effect.

7.1.3.2.  Foundation scenario 2: Jacket foundation with 4x 8m pin piles
For the jacket foundation scenario, the unmitigated and unweighted SEL at 750 m was derived to be: SELg750m =
180.5 dB re.1 pPa?s. Backcalculating this level to T m, results in Lgz = 222.4 dB re. 1 pPa?m? s. The source level is

presented in all relevant metrics, with and without frequency weighting, see Table 7.4.

Table 7.4: Broadband source level for jacket foundation scenario, with and without frequency weighting.

Frequency weighting Source level (Lsg)[dB re. 1uPa?m?s]
Unweighted 222.4 dB
Phocid Carnivores in water (PCW) 204.8 dB

As previously mentioned, due to the unlikeliness of an unmitigated installation scenario being allowed, the source
model includes the application of a noise mitigation effect. For the jacket foundation scenario, the DBBC mitigation
effect presented in Table 6.1 was used. Unmitigated as well as mitigated source level in 1/3 octave bands are pre-
sented in Figure 7.4. For the mitigated scenario, source levels with applied frequency weightings are also shown.
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Figure 7.4: Source level in 1/3 octave bands for 8 m pin pile; unmitigated and mitigated using DBBC equivalent mitigation effect.

7.1.4. Installation of two foundations within a 24-hour period

If two foundations were to be installed within a 24-hour period, sound propagation and foundation type considered
equal, it is assumed that the noise emission from each is similar. Differentiation between simultaneous/partially over-
lapping and sequential installation is important, and the consequence of each scenario is discussed in the following.

7.1.4.1.  Installation of two foundations simultaneously

If the two foundations were to be installed at the same time, this would likely result in increased PTS and TTS impact
distances (up to a factor 2 increase), as these thresholds are based on the time-dependent noise emission relative to
the swim speed of the marine mammal.

The further apart the two foundations, the lower the difference in PTS/TTS relative to the single foundation scenario.
However, with larger spacing, a trapping effect can occur, where a marine mammal would swim away from one foun-
dation, only to get closer to the installation of the second foundation, thus not achieving a linear decrease in received
SEL with time. In this scenario, it is difficult to predict what kind of cumulative sound exposure level, the marine mam-
mal would receive over the span of the installations.

Inversely, the closer the foundations, the lower the risk of trapping, but also the closer to 2x single foundation thresh-
old distances would be expected. One method for reducing the increase in impact distances for concurrent installa-
tions, would be to add a time-delay to the installation of the second foundation, such that the marine mammals are
able to create distance between themselves and the pile installation(s), before both piling activities are active.

Another aspect of concurrent installations is that it can potentially result in increased behaviour distances if the pile
strikes are synchronized. The likelihood of synchronization would however be low as the behaviour criteria is based on
the noise dose within a 125 ms time window.

There is however also a secondary effect, where the noise emission from one pile installation would cause positive and
destructive interference with the noise emission from the second pile installation, resulting in local variations of +3 dB,
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and thereby potentially increasing the impact distance for behaviour significantly. Installation of two foundation simul-
taneously is therefore not recommended.

7.1.4.2.  Installation of two foundations sequentially

If installation of two foundations is conducted sequentially, where the second pile installation is started as soon as the
former is completed, the effects on underwater noise exposure become significantly less uncertain. In a closely spaced
scenario, the marine mammals that would be affected by the second pile installation, would already have had signifi-
cant time to vacate the underwater noise impacted area, thereby limiting the increase in impact on marine mammals.
For behaviour, the impact distance would not be affected by interference patterns (which will be the case if installation
of two pile installations occurs at the same time), nor would it equate the sum of impact areas for both installations,
rather it would shift from one location to the next. For PTS and TTS, the impact distances would likely not increase, as
the marine mammals are already far from both installation sites and therefore receiving minimal additional impact
from the installation of the second installation. It is however important that the second installation is not delayed sig-
nificantly in time after the completion of the first, as this would allow for marine mammals to return to the area.

Thus, it is assessed that the installation of two foundations (positioned close to each other) sequentially will not in-
crease the impact ranges for behavioural avoidance responses nor the TTS and PTS impact ranges. A theoretical sce-
nario where sequential installation is used with 2 piles installed per day, will prolong (double) the daily time period
where pile driving is taking place, however reduce (half) the number of days with piling noise emission. Under the as-
sumption, that installation will occur every day, the effective installation period for pile driving activities would be re-
duced (halved).

7.2. Underwater sound propagation model
For this project, the dBSea settings listed in Table 7.5 were used.

Table 7.5: dBSea Settings

Technical Specification

Octave bands 1/3

Grid resolution (Range step, depth) 20mx0.2m

Number of transects 36 (10°)
Sound Propagation Model Settings

Model Start frequency band End frequency band

dBSeaModes (Normal Modes) 32 Hz 200 kHz

dBSeaRay (Ray tracing) 250 kHz 32 kHz
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7.2.1.  Environmental model
The following sections provide the input values for each of the important environmental model parameters.

7.2.1.1.  Bathymetry

Figure 7.5 shows the bathymetry for the wind farm site and surroundings (extracted from the bathymetry map in sec-
tion 6.4.1). In this area, the bathymetry ranges from a depth of 150 m, indicated by the darker colours, to a depth of 0

m, indicated by the lighter colours. For each source position, described in section 7.1.1, a bathymetry of around 30 km
to each side is extracted and used in the calculations.

1200000 1220000

Halla Offshore Wind Farm
Bathymetry

~ | Legend
Z2Z3 Halla OWF
Bathymetry [Emodnet]
.0
-150

OpenStreetMap

-

e NIRWNS
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Figure 7.5: Bathymetry map for the project area and surroundings.
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7.2.1.2. Sediment

The sediment model is based on the methodology described in section 6.4.2, utilizing publicly available data for sea-
bed surface sediment types and thicknesses. For this project, no geological profiles from survey transects or other lit-
erature were found near the project site. Therefore no information on local layer depths were obtained. To calculate
the worst case sound propagation it was decided to have a thin overlay of 1 m of the top sediment before reaching

bedrock. The top layer (seabed) was obtained through Figure 7.6 which was provided by OX2.

1180000

0Xx2
Halla Offshore Wind Farm
Seabed substrate [Emodnet]

| Legend

23 Halla OWF

Seabed substrate [EMODnet]
== 10. Clay and mud (Litorina clay)
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3 4. Secondary sand

mmm 5. Glacioaquatic sediment
mmm 6. Glacial clay

3 Glacial / interglacial silt and fine sand
== Glacial clay

=3 Glacial silt

mm Hard or firm bottoms
=3 Postglacial clay

=3 Postglacial fine sand
mmm Postglacial sand

=3 Sand and grovimo

@ Till

OpenStreetMap

NIRIAS

Figure 7.6: Seabed substrate from EMODnet, which was provided by OX2.

From the available source, a multipoint sediment model was made for the relevant project area and surroundings. In
Figure 7.7, the sediment types prevalent in the top layer of the seabed consist of mainly clay, sand and rock.

For each point in the model, the sediment layer types were translated into geocacoustic parameters, in accordance
with Table 7.6, utilizing information from (Jensen, et al., 2011), (Hamilton, 1980).
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Table 7.6: Geoacoustic properties of sediment layers used in the environmental model. Sources: (Jensen, et al., 2011), (Hamilton, 1980).
Note, mixed sediment is based on a mix of sand, silt and gravel. Moraine boulders is similarly a mix of primarily moraine with boul-

Figure 7.7: Sediment model for the project area and surroundings.

ders.
Sediment Sound Speed [m/s] Density [kg/m?] Attenuation factor [dB/A]
Clay 1500 1500 0.2
Silt 1575 1700 1.0
Mud (clay-silt) 1550 1500 10
Sandy mud 1600 1550 1.0
Sand 1650 1900 0.8
Muddy sand 1600 1850 0.8
Coarse substrate 1800 2000 0.6
Gravel 1800 2000 0.6
Mixed sediment 1700 1900 0.7
Moraine 1950 2100 0.4
Moraine Boulders 2200 2200 0.3
Rock and boulders 5000 2700 0.1
Chalk 2400 2000 0.2
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7.2.1.3.  Sound speed profile
Figure 7.8 shows the extracted sound speed profiles at the available positions. Note that the gridded layout of the
sound speed profiles indicates their respective position geographically.

Examining Figure 7.8, this would indicate May as the worst-case month within the proposed installation time window
between May — October. Due to ice cover risks in November — April, these months are not included in the prognosis.
In cooperation with OX2 it was chosen to conduct the prognosis for the worst-case conditions, being May. In Figure

7.9 the sound speed profiles for the worst-case month of May are shown.
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Figure 7.8: Sound speed profiles for the project area and surroundings.
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Figure 7.9: Sound speed profile for the worst-case month of May for the project area and surroundings.
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7.2.1.4.  Salinity profile

Figure 7.10 shows the extracted salinity profiles at the available positions. Note that the layout of the sound speed pro-
files indicates their respective position geographically. Figure 7.11 shows the salinity profiles for May which was identi-

NIRAS

fied as the "worst case” month, according to the sound speed profiles, within the intended time frame.
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Figure 7.70: Salinity profiles for the project area and surroundings.
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Figure 7.71: Salinity profiles for the worst-case month of May for the project area and surroundings.
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7.2.1.5.  Temperature profile
Figure 7.12 shows the extracted temperature profiles at the available positions. Note that the layout of the sound
speed profiles indicates their respective position geographically. Figure 7.13 shows the temperature profiles for May

which was identified as the “worst case” month, according to the sound speed profiles, within the time frame.
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Figure 7.12: Temperature profiles for the project area and surroundings.
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Figure 7.13: Temperature profiles for the worst-case month of May for the project area and surroundings.
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8. Pile driving underwater sound propagation results

For both the monopile and jacket foundation scenarios, impact ranges were calculated to the relevant marine mam-
mal and fish threshold criteria.

DTT for PTS, TTS and Injury describe the minimum distance from the source, a marine mammal or fish must at least
be deterred to, prior to onset of pile driving, in order to avoid the respective impact. It therefore does not represent a
specific measurable sound level, but rather a safe starting distance.

The DTT for behaviour, on the other hand, describes the specific distance, up to which, the behavioural response is
likely to occur, when maximum hammer energy is applied to a pile strike. It should be noted, that for pile strikes not at
full hammer energy, the impact distance will be shorter.

Section 8.1 and section 8.2 shows the calculated DTT for fish and earless seals, respectively.

8.1. Mitigated threshold distances for fish

For calculating the DTT for TTS and Injury in regard to fish the cumulative 24 hour modelling was used. This is repre-
sented by the thresholds:

LE cum 24hunweighted = 186 dBre 1 pPa?s for TTS,

LE cum 24hunweighted = 204 dBre 1 pPa?s for injury,

- Lgcum24hunweighted = 207 dBre 1 pPa?s. for injury in Larvae and eggs.

8.1.1. 18 m diameter monopile foundation

Table 8.1: Resulting threshold impact distances for fish using DBBC mitigation effect on an 18 m monopile for the worst-case month
of May.

Position Distance-to-threshold (18 m monopile + DBBC mitigation effect)
Injury (rinjury) TTS (r'115)
Stationary Juvenile Adult Cod Herring Larvae Stationary Juvenile Adult Cod Herring
fish Cod and eggs fish Cod
1 1900 m <100 m <100 m <100 m 1.15 km 19.7 km 16.0 km 12.0 km 1.1 km
2 2350 m <100 m <100 m <100 m 1.50 km 22.6 km 18.9 km 14.9 km 14.0 km
3 1750 m <100 m <100 m <100 m 1.05 km 19.1 km 15.4 km 1.7 km 11.0 km
4 1250 m <100 m <100 m <100 m 0.7 km 23.7 km 20.0 km 15.9 km 15.0 km
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8.1.2.  Jacket foundation with 4x 8 m pin pile

Table 8.2: Resulting threshold impact distances for fish using DBBC mitigation effect on a Jacket foundation with 4x 8 m pin piles for
the worst-case month of May.

Position Distance-to-threshold (Jacket with 4x 8 m pin piles + DBBC mitigation effect)
Injury (Tinjury) TTS (rr1s)
Stationary Juvenile Adult Cod Herring Larvae Stationary Juvenile Adult Cod Herring
fish Cod and eggs fish Cod
1 1300 m <100 m <100 m <100 m 750 m 14.5 km 5.1km 1200 m 750 m
2 1700 m <100 m <100 m <100 m 950 m 17.3 km 7.2 km 2550 m 1900 m
3 1350 m <100 m <100 m <100 m 725 m 14.3 km 4.9 km 1350 m 850 m
4 1100 m <100 m <100 m <100 m 550 m 16.3 km 5.7 km 1100 m 600 m

8.2. Mitigated threshold distances for marine mammals
For calculating the DTT for TTS and PTS in regard to earless seals the cumulative 24 hour modelling was used.

The following thresholds apply:
- Lgcumzanpcw = 170 dBre 1 pPa?s for TTS,
- Lgcumzanpcw = 185 dBre 1 pPa?s for PTS.
Lp,rms,12smsyur = 103 dBre 1 uPa for avoidance behaviour.

8.2.1. 18 m diameter monopile foundation

Table 8.3: Resulting threshold impact distances for earless seals using DBBC mitigation effect on an 18 m monopile for the worst-case
month of May.

Position Distance-to-threshold (18 m monopile + DBBC mitigation effect)
PTS (I'prs) TTS (r'r15) Avoidance (Tpehay)
1 <100 m <200 m 9.5 km
2 <100 m 275m 8 km
3 <100 m <200 m 14 km
4 <100 m <200 m 18.3 km
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8.2.2.  Jacket foundation with 4x 8 m pin pile

Table 8.4: Resulting threshold impact distances for marine mammals using DBBC mitigation effect on a jacket foundation with 4x 8 m

pin piles for the worst-case month of May.

Position Distance-to-threshold (Jacket foundation with 4x 8 m pin piles + DBBC mitigation effect)
PTS (I'prs) TTS (r'115) Avoidance (Tpehay)
1 <100 m <200 m 9.75 km
2 <100 m <200 m 8.1km
3 <100 m <200 m 14.5 km
4 <100 m <200 m 19.1 km

f
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8.3.  Mitigated area of effect for earless seal avoidance behaviour

In addition to the DTT values, the total area affected from a single pile strike at maximum hammer energy has been
calculated for the earless seal behaviour threshold. See Table 8.5. It should be noted that this area effect only applies
to pile strikes of maximum hammer energy. For the most part of a pile installation, hammer energy, and thereby af-
fected area, is significantly lower.

Table 8.5: Area affected for impact threshold criteria for earless seal (behaviour) for a pile strike at maximum hammer energy for the
worst case month of May.

Position Affected area (Avoidance behaviour in earless seal) [km?]
18 m monopile + DBBC Jacket with 4x 8 m pin piles + DBBC
1 220 226
2 168 172
3 362 368
4 680 737

8.4. Underwater noise contour map for earless seal behaviour threshold

Underwater noise contour maps for position 1 for earless seal avoidance behaviour criteria are shown in Figure 8.1 -
Figure 8.2 for each of the foundation scenarios. Affected area is also illustrated in the figures. Maps for position 2 - 4
are attached in Appendix .
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Species: Earless seals (PCW)

Noise Abatement System: DBBC :
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Figure 8.1: Noise contour map for position 1, showing the Distance-To-Threshold for avoidance behaviour in earless seal, for 18 m
monopile with DBBC mitigation effect.
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Halla Offshore Wind Farm

Affected area

Source position: Position 1

Month: May

Scenario: 4 x 8 m pin pile

Species: Earless seals (PCW)

Noise Abatement System: DBBC
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Figure 8.2: Noise contour map for position 1, showing the Distance-To-Threshold for avoidance behavior in earless seal, for jacket
foundation with 4x 8 m pin piles with DBBC mitigation effect.
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9. Uncertainties for pile driving noise prognosis
In this section, a discussion of the prognosis uncertainties is provided, divided into the categories: Source characteris-
tics, environmental parameters, and mitigation effect.

The prognosis assumes a worst case scenario of an 18 m diameter monopile, and for a jacket foundation with 4 x 8 m
diameter pin piles, while the project may in reality be completed using piles of a smaller diameter. An uncertainty of
absolute source level is therefore present in the model. As explained in detail in section 6.1.1.7, literature reviews of
previous installations show significant variations in not only source level, but also in frequency spectrum. An un-
weighted uncertainty of up to +5 dB is indicated in (Bellmann, et al.,, 2020), however with largest uncertainties for
small pile diameters, and lower deviations from the average for larger pile sizes. Following this pattern, a +5 dB uncer-
tainty appears conservative for the monopile scenario, and suitable for the jacket foundation scenario. Due to the sig-
nificant extrapolation with regards to the monopile diameter, it can however not be ruled out, that deviations from
this might occur.

Uncertainties in the environmental parameters primarily relate to the topsoil sediment properties, and changes in the
bathymetry from what is included in the model. Also the actual sound speed profile, temperature and salinity during
installation will be a contributing factor. The prognosis has assumed worst-case conditions for environmental parame-
ters, based on currently available historical information and it is therefore considered more likely than not, that the
environmental conditions in the model result in a conservative prognosis. Furthermore, the sound propagation model
assumes calm waters, meaning very little backscatter from the air-water interface, thus understating the losses when
the sea state is higher.

Mitigation effects used in these calculations are based on a literature review by (Bellmann, et al., 2020), which is the
largest publicly available collection of mitigation effectiveness of noise mitigation systems to date. It must however be
noted, that mitigation effectiveness was not evaluated on a project-by-project basis, detailing the specific environ-
mental and source conditions for each dataset, but rather with focus on the mitigation effect of different types of miti-
gation systems. The resulting mitigation effectiveness of such systems should therefore be considered with a degree
of caution, and prone to deviations for any future application. For bubble curtain systems, differences in air pressure,
hole/nozzle size, distance from pile, sediment vibration transmission properties and sea currents will also play a role in
mitigation effect achievable for any given project and pile installation.

While a DBBC equivalent mitigation effect were applied in this prognosis, for monopile and jacket foundation, it
should be noted, that a detailed calculation should be made for the actual mitigation solution to be used, for the ac-
tual pile installation to be performed.
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10. Underwater noise evaluation for operation phase

Underwater noise from offshore wind turbines comes primarily from two sources: mechanical vibrations in the nacelle
(gearbox etc.), which are transmitted through the tower and radiated into the surrounding water; and underwater ra-
diated noise from the service boats in the wind farm. In a review by Tougaard (2020), measurements of underwater
noise from existing operational wind turbines are presented, whereby measured underwater noise levels are evaluated
as a function of wind speed and turbine size. For monopiles, the review considers measurements from 0.55 MW — 3.6
MW turbines. For other foundation types (GBF, jacket and tripod), only singular measurements are available. Since the
underwater noise radiated during operation will depend on the radiating structure (the foundation), its shape, material
and size will matter. The turbine technologies (direct drive vs. gear box), will also have an impact on the radiated op-
erational underwater noise. However, the limited available operational noise data does not allow for such differences
to be resolved. The trendline proposed in Tougaard (2020), not taking foundation type or size into account, is there-
fore considered with caution (Figure 10.1). The trend line shows a size dependency, with source level increasing by a
factor of 14 dB per factor 10 in turbine nominal capacity (Tougaard, et al., 2020).
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Figure 10.1: Relationship between measured broadband underwater noise and turbine size compiled from available literature sources.
Measurements have been normalized to a distance of 100 m from the turbine foundation and a wind speed of 10 m/s. From
(Tougaard, et al., 2020).

There is a strong dependency between wind speeds and radiated noise levels (Figure 10.2). At the lowest wind speeds,
below the cut-in, there is no noise from the turbine. Above cut-in, there is a pronounced increase in the noise level
with increasing wind speed, until the noise peaks when nominal capacity is reached in output from the turbine. Above
this point, there is no further increase with wind speed and perhaps even a slight decrease.
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Figure 10.2: Relationship between wind speed and broadband noise level, measured about 50 m from the turbine (3.6 MW Siemens
turbine at Sheringham Shoal). Maximum production of the turbine is reached at about 10 m/s, above which the production is con-
stant. Figure from (Pangerc, et al., 2016).

All measurements of turbine underwater noise show the noise to be entirely confined to low frequencies, below a few
kHz and with peak energy in the low hundreds of Hz. One spectrum of a typical mid-sized turbine is shown in Figure
10.3, where pronounced peaks are visible in the spectrum in the 160 Hz and 320 Hz, 10 Hz bands.
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Figure 10.3: Example of frequency spectra from a medium sized turbine (3.6 MW, Gunfleet Sands) at different wind speeds. Levels are
given in 10 Hz intervals. Measurements were obtained about 50 m from the turbine. Measurements from (Pangerc, et al., 2016).
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Despite the inherent uncertainties with respect to type and size of turbines to be used in the project it is considered
likely that the turbine noise will be comparable to what has been measured from other turbines. However, it should be
considered with caution. Based on the data in Figure 10.1, a number of observations should be mentioned. First and
foremost, significant variation in measured sound levels for individual turbine sizes on same foundation type, up to 20
dB is noticed. Second, the trendline (blue) representing the best fit of all data points, is not assessed to provide an ac-
curate fit for any given turbine size. This presents a challenge in terms of reliably predicting source levels within the
covered turbine size range in Figure 10.1 (0.4 MW — 6.15 MW), and to an even greater extent for turbine sizes outside
this range. For Halla OWF, turbine sizes are expected to have a size of 15 MW — 25 MW. This would representa 5 -7
fold increase compared to the available empirical data for monopiles. Given the uncertainties present in the empirical
data, any extrapolation of such magnitude is considered to be provide a very uncertain source level prediction.

An additional source of uncertainty in prediction is the type of turbine. All but one of the turbines, from which meas-
urements are available, are types with gearbox, a main source of the radiated noise. Only one measurement is availa-
ble for a turbine with a direct drive (Haliade 150, 6 MW) (Elliott, et al., 2019), which is a type increasingly being installed
in new projects. The limited data suggests that noise levels from the direct drive turbine are more broadband in na-
ture than from types with gear box.

For comparison, in a review by Bellmann et. al (2020), a study of underwater noise emission from pile driving activities
of different pile sizes was presented, see Figure 6.1. The relationship between measured sound level at 750 m and the
foundation pile diameter, for piles 1 m — 8 m diameter, showed a clear trendline (blue). This was used in the pile driv-
ing prognosis to extrapolate the source level of the 18 m diameter monopile foundation, as well as interpolate it for
the 8 m pin piles.

For the monopiles, this corresponded to an extrapolation factor ~2, for the available empirical data, and for the 8 m
pin piles, this was covered within the available data range. Examining the lower half of the empirical data however re-
veals a significant variation in measured levels. Had a trendline been established for the data points spanning 0.5 — 4
m pile diameter, an extrapolation to 18 m diameter monopiles would have been connected with a significant degree
of uncertainty, and would likely have indicated a steeper trendline, resulting in a higher extrapolated source level esti-
mate for larger pile sizes.

It is assessed to be highly likely, that this is currently the case for operational underwater noise. The data set used to
establish a trend, is very limited, and will potentially result in significant errors that scale in size, with the degree of ex-
trapolation.

Despite all of the above mentioned uncertainties, a calculation for PTS, TTS and behaviour reaction threshold criteria is
carried out below, based on the blue trendline in Figure 6.1 as well as the scaling and frequency considerations pre-
sented in (Tougaard, et al., 2020). It should be kept in mind, that there are significant uncertainties with the estimated
impact range due to the lack of scientific data supporting such a calculation.

For a 25 MW turbine, the sound level at 100 m, would be SPL,,,s = 125.4 dB re 1uPa, based on the extrapolation of
the blue trendline. The primary frequency would be ~160 Hz, with secondary frequency at 320 Hz, approximately 10
dB below the primary (Tougaard, et al., 2020).

A conservative approach would set the unweighted 160 Hz level to SPL,,s = 125.4 dB re 1uPa and for 320 Hz,
SPLyms = 1154 dB re 1uPa.

Seals however are not equally good at hearing all frequencies. As described in further detail in section 4.4, frequency
weighting functions are used to more accurately predict impact ranges for the individual species. For seal, the fre-
quency weighting for Phocid Carnivores in Water (PCW) is used. In Figure 4.2, the frequency dependent correction
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values are listed, from which the following correction values (number of dB to be subtracted from unweighted levels)
can be observed for seal.

e -20dB at 160 Hz, and

e -15dBat 320 Hz.

The sound levels, as experienced by seal, from a single turbine in operation would therefore amount to:
e  @160Hz, 100 m distance: SPLyyspw = 105.4 dB re 1uPa
e  @320Hz, 100 m distance: SPLypmspw = 100.4 dB re 1uPa
e “Broadband’, 100 m distance: SPL,us pw = 106.4 dB re 1uPa

For seal, no behaviour threshold is currently supported by literature, and it is therefore not possible to compare the
sound level at 100 m with a behavioural threshold. Calculating the cumulative noise dose for a seal located at a con-
stant distance of 100 m from a turbine foundation within the wind farm area, over a 24 hour period, would result in
cumulative sound exposure level, SELcym 24npew = 116.4 + 10 - log,((86400) = 155.4 dB re. 1uPa?s. Given a
threshold criteria for onset of TTS in seal for continuous noise of SELym 24npw = 183 dB re. 1uPa?s, the impact over
a 24 hour duration is 27.6 dB lower than the TTS onset criteria. With a 27.6 dB margin to the TTS threshold criteria,
auditory injures are unlikely to occur.

Most fish detect sound from the infrasonic frequency range (<20 Hz) up to a few hundred Hz (e.g. Salmon, dab and
cod) whereas other fish species with gas-filled structures in connection with the inner ear (e.g. herring) detect sounds
up to a few kHz. The main frequency hearing range for fish is therefore overlapping with the frequencies, produces by
operational wind turbines (below a few hundred Hz). There are no studies defining fish behavioural response thresh-
old for continuous noise sources, and the scientific data addressing TTS from such noise sources is very limited. The
only studies providing a TTS threshold value for fish is from experiments with goldfish. Goldfish is a freshwater hearing
specialist with the most sensitive hearing in any fish species. In the project area for Halla OWF, the most common fish
species are herring followed by sculpins, smelt, ruffe and whitefish (NIRAS, 2023). All of these species have a less sen-
sitive hearing, compared to the goldfish (Popper, et al., 2014), and using threshold for goldfish will lead to an overesti-
mation of the impact. Empirical data for several of the fish species without a connection between the inner ear and
the gas-filled swim bladder showed no TTS in responses to long term continuous noise exposure (Popper, et al., 2014).
In a study by Wysocki et al. (2007), rainbow trout exposed to increased continuous noise (up to 150 dB re 1 pyPa rms)
for nine months in an aquaculture facility, showed no hearing loss nor any negative health effect. Therefore, it is as-
sessed that TTS is unlikely to occur as a result of an operational offshore wind farm.

In summary, the underwater noise emission from operational wind turbines, depends on the turbine size, wind speed
and whether it has a gearbox or is gearless (direct drive). While available literature indicates a correlation between tur-
bine size and underwater noise levels, the available dataset is limited to 6.15 MW turbines, and shows significant vari-
ance in reported noise levels for the same turbine size. Extrapolation of the reported trend, to be used in assessing
the underwater noise emission from future turbines of 15 - 25 MW, should therefore be used with caution.

10.1. Noise from service boats
In addition to the noise from the turbines themselves, the service boats and vessels within offshore wind farms are
likely to be a source of underwater noise during the operational phase of the wind farm. However, the levels and tem-
poral statistics of this noise source has not yet been sufficiently quantified or described. Without dedicated studies it is
therefore not possible to quantify the contribution of service boats to the noise in the wind farm.

It is expected that both small and fast boats as well as larger, slower moving vessels will be used. Underwater noise
from smaller boats has a noise level ranging 130-160 dB re 1 yPa@1meter (Erbe, 2013; Erbe, et al., 2016), while the un-
derwater noise levels from larger vessels is up to 200 dB re 1 yPa@1 meter (Erbe & Farmer, 2000; Simard, et al., 2016;
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Gassmann, et al., 2017). Source levels may vary by 20-40 dB within a ship class due to variability in design, mainte-
nance, and operation parameters such as speed (Simard, et al., 2016; Erbe, et al., 2019). Furthermore the underwater
noise levels increase when the ship is maneuvered, such as when the ship goes astern, or thrusters are used to hold
the ship at a certain position (Thiele, 1988). Ship noise contribute to the ambient underwater noise level from frequen-
cies as low as 10 Hz to as high as several kHz, depending on ship size and speed (Haver, et al., 2021).

Halla OWF area is located in an area with ship traffic (Figure 5.5) and the area is therefore expected already to be
dominated by low-frequency ship noise. Based on data from the BIAS-project, the underwater noise level measured in
the 63 and 125 Hz frequency band (indicators of ship noise) is modelled to be in the range of 80 - 100 dB re 1uPa for
both frequencies in the project area for Halla OWF (50 % of the time) (see Figure 5.1 - Figure 5.4). It is clear that un-
derwater noise from vessels in the nearby shipping lanes, greatly influence the OWF area.
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Appendix 1

Underwater noise maps for seal behavior threshold
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Figure 11.1: Noise contour map for position 2, showing the Distance-To-Threshold for avoidance behaviour in earless seal, for 18 m
monopile with DBBC mitigation effect.
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Figure 11.2: Noise contour map for position 2, showing the Distance-To-Threshold for avoidance behavior earless seal, for jacket foun-
dation with 4x 8 m pin piles with DBBC mitigation effect.
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Source position: Position 3
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Species: Earless seals (PCW)
Noise Abatement System: DBBC
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Figure 11.3: Noise contour map for position 3, showing the Distance-To-Threshold for avoidance behaviour in earless seal, for 18 m
monopile with DBBC mitigation effect.
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Affected area

Source position: Position 3
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Scenario: 4 x 8 m pin pile

Species: Earless seals (PCW)
Noise Abatement System: DBBC
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Figure 11.4: Noise contour map for position 3, showing the Distance-To-Threshold for avoidance behavior in earless seal, for jacket
foundation with 4x 8 m pin piles with DBBC mitigation effect.
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Figure 11.5: Noise contour map for position 4, showing the Distance-To-Threshold for avoidance behaviour in earless seal, for 18 m

monopile with DBBC mitigation effect.
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Figure 11.6: Noise contour map for position 4, showing the Distance-To-Threshold for avoidance behavior in earless seal, for jacket
foundation with 4x 8 m pin piles with DBBC mitigation effect.
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