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Abbreviations and definitions

BBC Big bubble curtain used to mitigate underwater noise emissions during offshore
driving

| L ¢KS hF¥FFakKz2NB 2AYyR CINXY dat2f SYSNEAI . |
| L ¢KS hFFTakK2NB 2AYR CIN)Y at2t&y&NBaAake] I [
dB Decibel, logarithmic unit used to express the intensity sband wave/pressure

DBBC  Double big bubble curtain used to mitigate underwater noise emissions during offs

pile driving
EIA Environmental impact assessment
HF Functional hearing groupcetaceang; after NMFS 2016

NMFS  National Marine Fisheries Service

NOAA  National Oceanic and Atmospheric Administration
OWF Offshore Wind Farm

PSU Practical Salinity Unit

PTS Permanent threshold shift

PW Functionahearing group; pinnipedsg after NMFS 2016
RAM Rangedependent acoustic model
SEL Sound exposure level

SEkum Cumulative sound exposure; the sum of multiple sound exposure levels, e.g. mi
hammer strikes

SL Sound level
SPL Sound pressure level
TL Acoustic waves attenuation, transmission loss

TTS Temporary threshold shift
UAS Underwater acoustic simulator
WOA World Ocean Atlas

WOD World Ocean Database
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1 Nontechnical summary

Sound may be generated during all stages related to construapeyating and decommissioning of

an offshore wind farm. The greatest impacts are associated with underwater noise, emitted during
the construction of offshore wind farms. This is due to generating high level sound created during
pile driving into the sedloor (piling).Marine biota such as fish or marine mammals are susceptible
to sounds, therefore the sound that accompanying the activiligeed to the construction ofvind

farms may affect them over long distances through:

1 behavioual changes, includingvoidance;
1 temporary hearing loss;
1 longterm of permanent hearing loss.

Various applied methods of construction wind farms generate into the marine environment sounds
with various characteristicsThe local topography of the seabed and other environmefdators
make sound propagation in the water environment specific d@pecificarea. Additionally, each
wind farm area is populated or used by various organisms, which haverediff hearing
characteristicsTherefore the impact of the underwater noiseegerated during the construction of
awind farmmust be assessed step by step, taking into consideration the unigue characteristics of
aspecificproject.

In this technical report the acoustic noise emission accompanying piling in the Baltica OWF Area has
been examined.

Noise propagation modelling has been carried out for the piling locations near the centre of the
Baltica 2 and Baltica 3 Area. The Baltica OWF Area is relatively small in comparison to the range of
the sound generated during pilin&oundpropagates over relatively large distances from its source.
Therefore, the differences isound attenuation for various locations do not cause significant
differences in the length of anticipated impact zonEer the purpose of the modellirgregion with
adiameter of at least 150 km in all directions from teeund sourcewas designated by setting

72 azimuthal paths 150 km long each (taking into account the barrier in the form of the coastline).

The numerical underwater noise modelling was carried outlie worstcase scenario which is piling
(pile diameterg 12.5 m), after taking into account the use of the noise mitigation system and
assumingg for the purposes of noise modelling the efficiency of noise reduction typical for
currently availabléechnical measures e.@bubble curtain. It has been assumed that at the time of
the implementation of the investment other technical measures might be available which would
enable to achieve at least the same noise level as with the use of the bubtdeesur

The sound level within 1 m (the source level) has been expressed as the sound exposure level (SEL),
GKIFG Aa GKS az2dzyR t S@St | @SabeBdumR leFe Miswe havB O2 Yy R 4
been also expressed ammospheric pressurgeakf S@Sf a O Ay VAues hd been xt | 0 d
determined for both: single strikes afpile driver and for sequences of strikes(sled cumulative

sound exposure level), up mmaximum number of strikes estimateas possible to achieve within

1 hour. The \alues used in the modelling were the following:

f atmospheric pressure peak level single strike (SRk):H 0 1 ¢ R. NE M xtlFoT

f sound exposure level fasingle strike ofLJA £ S RNAGSNI 6 { 9 [A0Y Hmn dc R.

1 cumulative sound exposure level for ftiple (1 hour) strikes o& pile driver¢ approx. 2800
strikes(SELOU Y HNp O®MAR.® NBE M xt |
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Based on the acoustic modelling, two noise impact zones (a distance from the sound source)
affecting marine mammals (grey and harbour seals and porpoises) lassvésh occurring in the
Baltica 2 and Baltica 3 Areas have been assessed.

Sound levels have been estimated assuming the uséh@ noise mitigation systemCurrently
available solutions include e.gbubble curtain producing circle of air bubblesraund the area of
driving apile into the sedloor which causes reflection and absorption of underwater noise, and
therefore ¢ the reduction of the nois level audible during pilinddased on the available literature,
the efficiency of noise mitigationvel of 13 dB has been assumed.

Sound propagation modelling has been carried out for the frequency spectrum of 2@ BzkHz
which covers most of the acousenergy emitted during piling-dearing frequency range for marine
organisms reaches 20 kHz amu the frequency range between 2.5 kHz and 20 &ldanservative
estimation of the transmission loss has been applied, including thébedaopography as well as
sediment composition in the area and leading to an upper estimate of the sound intensity Taee
numerical calculations have been carried out with the usa MfIKE Underwater Acoustic Simulator
(UAS) developed by the DHI.

Based orthe modelling carried out it was demonstrated that sound propagatiora karge extent
depends on the seabed togeaphy, which results in differences in directionality of thound
propagation intensityThe impact zones have been estimated with the use of the noise mitigation
system. It has been demonstrated that fasingle strike the behaviour&hanges zone fageals is

4.5km in the case of the source located within the Baltica 2 Area and 4.6 km within the Baltica 3
Area. The range of the TTS and PTS zones in the case of seals is smaller thafr@.Jp&rpoises

the TTS impact zone reaches 1.8 km for the &al#i Area and 1.9 km for the Baltica 3 Area. The
average range of the PTS impact is smaller than 0.1 km. The range of the impact causing behavioural
changes (avoidance) is 46 km for porpoises for the Baltica 2 Area and 42 km for the Baltica 3 Area. In
regad to ichthyofauna, for fish with and without the swim bladders the TTS andrédigg was
smaller than 0.1 kmThe difference in range has been observedhia tase of behavioural changes.

In regard to fish without the swim bladders the impact range waximam 33 km and for fish
without the swim bladders it was 76 km.

The results of the impact range for multiple strikesagile driver, lasting around 1 hour during piling
with the use of the noise mitigation system are greater than those obtained dimgle strike.

Due toapossibility ofasituation when ina specific area simultaneous piling in two or more sites
takes place, modelling aimed at defining potential nossumulationand its impact on marine
mammals and ichthyofauna has been carried.out

Based orthe assessments carried out, it has been concluded that it is the number of sources, not the
distance between them that is significard the magnitude of the impaciThe modelling results
indicate that simultaneous piling in two sites has igible significance for porpoise and seals,
however it possibly affects ichthyofauna. Three of four localization of simultaneous piling would
entail asignificant impact on ichthyofauna and porpoises, regardless of the source of the noise
distribution. Inthe case of seals even simultaneous piling in 4 localizations generates negligible
impact. Thereforeit is recommended that works in the Baltica OWF Area and other nearby OWF
Il NS a 6. | Lshould heRrrangdd Lin. duchaway so that thereare no more than 2
simultaneous pilings.
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2 Introduction

This paper constituteatechnical report which issupport EIA Report document in regard to the
noise propagation modelling and its impact onnma mammals and ichthyofaunét contains the
results of the nmerical modelling of propagation of the sound spreadingaassult of the noise
generated by the foundation installation with the worsase scenario of the maximum variant of the
Baltica OWF after taking into account the noise mitigation system. Gemnksatend levels have been
compared with the registered acoustic background spectrum in order to demonstrate changes within
the acoustic field during the construction of the OWF.

Piling is currently the most frequently used method of the wind power statitmsdation
settlement on the seabed. The following types of foundations: multidimensional pile, -fiolkse
derrick and lattice foundation require an assessment of the impact of piling on the environment.
Gravity based structures do not require piling, bbey require the preparation of the seabed
through dredging which also causes noise and additionally churns the sediment.

In this projectalarge diameter pile type of foundation has been recognized as the veorst
scenario.lt has been demonstrated #t erecting construction of this type on the seabed goes hand
in hand with the highest intensity of the sound emissibaring engineering works piles are driven
into the seabed with the use of the hydraulic hammer which causes high acoustic pressoise
(Nedwell and Howell, 2004; Thomsen, 2010).

The noise created during piling is characterizedaloglatively wide range covering the frequency
range between 20 Hz and 20 kHz (Nedwell and Ho2@4; Madseret al., 2006), but most of the
acousticenergy is emitted in the low frequency range below 1 KHgurel).

170 ] i 1 BRI 1] P 1] 1] . e | 1] ) ) LB R
HUH L L HHILE | ~ssom |

R R REIR B 1 -O- H

160 SIS ST S : o4
Pl A 1R E i ~*- 390kJ |

P 5 Ui 8 1 330kJ |

o 150 Tl i e i ~=130kJ J]
= L N - 90kJ |
- ! S N EEEY
v 140 s 1 T
@ s b BRI
¥ i = EEEEL
¢ 130 T
o i B IRRE
3 R
o P P
©® 120 T
. i Podl i
= :\ BRI
" A\
% e [/ \\ Hi
100 2 2 1id A 111

10 100 1000 100000

frequency [Hz]

Figurel. Spectral noise level in relation to the strike energy
Source: internal data based on Betke (2008)
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In order to establish the most unfavourable scenario, four types of foundations considered for the

use in construction of the Baltica OWF have been analysed as sound sources. The analysis has been
carried out onthe basis of the acoustic field calculations in the forna ofimulative sound exposure

level (SELm) emitted to awater column.The cumulative sound exposure level is the most suitable
FylFrtedAaolt AyRAOLI G2 NJ 2daringiakitBrop@enio actilzily BakicllyiR @rdeS ¢ I Sy &
G2 FaasSaa G(KS aR2aSé¢ az2dzyR tS@gSfta 3ISySayllei SR o0&
driver) are summed ugt has been established that the most unfavourable scenario with the highest
potential impact on rarine life in the assessed area is the variant in whitsdrge diameter pile with

adiameter of 12.5 m was used.

3 Methods
3.1 Modelled area and environmental factors

Acoustic modelling for piling has been carried out for two sites which constituted the ceoirdas
of the Baltica 2 Area and the Baltica 3 Aremre2).
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The ges of the sound sources were chosen is such way so that they constituted the best spatial
representation of all potential sound sources in the areas of the planned undertakituysover,
the surface area of the planned undertaking is small in relatmithe acoustic field range of the
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noise generated during piling, because the sound generated during piling can travel through
relatively large distances from the sound source (Thomsen et al., 2006).

Therefore, the differences in sound spreading in othesifions will not results in significant
discrepancies in ditipated impact zones rangeBased on the previous research and data from the
literature regarding the sound propagation asesult of piling (Thomsen et al., 2006), it has been
established thathe area subjected to modelling should include the region within at least 150 km
from the sound source in all directionBigure3, Figure4). Therefore 72 azimuthal paths with the
length of 150 km have been designated, each taking into account the barrier in the form of the

shoreline.
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From the point of view of acousticthe Baltica 2 and the Baltica 3 Areas are considered to be the
areas of shallow water.

3.1.1 Sound velocity profile

Sound velocity profiles have been based on the temperature and salinity of waters obtained from the
NOAA World Ocean Atlas (Locarnini at al., 2@8eng at al., 2013) for the area covering the
modelled region and with the division into 4 seasons with the use of the equation UNESCO (UNESCO,
1983). Sound velocity profiles as well as temperatures and salinities have been presented below
(Figureb).
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Mean Salinity 2005-2012 (WOA)

0
— b0+
E
=
% spring —
100 1 summer \Q [
fall \
winter
150
7 8 9 10 11 12 13
salinity ()
0 Mean Temperature 2005-2012 (WQA)
= 50
E
=
g
kel 100 spring
summer
fall
winter
150
0 5 10 15 20
temperature (°C)
0 Mean Sound Speed 2005-2012 {from above
f 7
| . o
— p ; (
= 50 \\\\
= .
= )
a S
3 \ spring
= 100 4 {
| — summer
fall
winter
150
1420 1440 1460 1480 1500

sound speed (m/s)

Figure5. Seasonal changes of salinity, temperature and sound velocity
Source: internal materials based on data from the NOAA World Oceanii\tlze years 2002012

Profiles for the seasons of summer and autumn shorefractive tendency towards the seabed

O! NARO1Z MopyoLd ¢CKAA LIKSY2YSy2y Aa O2YLX AlLyd (2
(refracts) towards the area i the snaller sound velocityThe implication of this law for the sound

in water consists in the fact that the sound, penetratangater column where the density is siter,

might be trapped thereThis results in the phenomenon where the sound can be transmiti¢dng
distances with very small transmission loss.

Most of the area surrounding the siteasa depth of less than 50 nThis makes the acoustic waves
bend towards the seabed and the waves interactions with the seabed occur more extensively than
with the water surface. The acoustic waves are partially absoeretireflected from the seabed.

This hasasignificant influence on the transmission loss depending on #dungents making up the
seabed.

During the seasons of winter and spring the lowest souabbcity inawater column ha been
observed at depths of 280 m. Due to the acoustic waves refraction towards the areas where the
sound velocity is smaller, this part of the profile constitutgserfect acoustt channel.Therefore
apart of the energygenerated by the sound source is trappedaiwave guide which enables its
propagation to very large distances with small losses.
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Similarly to the seabed; the surface of water constituteaboundary which might hava significant
influence of the sound fpagation.This effect is visible duringhigh sea state, whe an upward
refraction occursApart from the propagation paths where partial wave energy loss occurs, resulting
from sound scattering at the rough sea surface, sound waves will be attenuathd upper layer of
awater column following the presence aflarge amount of air bubbles created asesult of the
waves refractionSignificant absorption of noise agesult of scatteringg the mechanism of loss,
interference and sound wave fluctuah ¢ from the resonant air bubbles is caused by the fact that
the geometrical size of the bubbles at the resonant frequency appears much larger than in reality
(Matuschek and Betke, 2009).

Apart from the increased transmission loss resulting from sdatjethe sound is also attenuated as
aresult of refraction associated with different @spatial scale sound velocitlthough the volume
concentration of air bubbles is relatively smalit usually constitutes around 1% it has ahuge
impact on sound/elocity even at the small air concentration (Jensen et al., 2011). Sound attenuation
resulting from the presence of air bubbles applies mainly to the acoustic propagation ofgihe hi
frequency soundsTherefore, introducing the air bubbles surroundinge teound source iavery
effective mitigation method.

3.1.2 pH

In order to determine sound attenuation values awater column, underwater noise modelling
software MIKE Underwater Acoustic Simulator (UAS), apart from the salinity and temperature
profiles usedfor reaching the sound velocity profile, additionatgquires settingapH profile. The

UAS uses the empirical model developed by Francois and Garrison (1982a, 1982b) which takes into
account the absorption of boric acid, magnesium sulphate and pure water

Data regarding the pH have been obtained from the database of the NOAA World OcearetByer
2013) throudn the search system WODselethe pH profile Kigure6) has been generated from the

set of 238 profiles recorded in the region of timodel in the years 20@2015. The seasonal
variability range is small in companisto the whole profile rangeThe profile is extrapolated up to

130 m which corresponds to thraaximum existing depth in the modelled area, but the values below
7.5 were replaced with the value of 7.5 so that they matched with the empirical model of Francois
and Garrison (1982a, 1982b).
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Figure6. Seasonal changes withihe pH range
Source: internal materials based on the data from the NOAA World Ocean Database in the ye2@&18005

3.1.3 Seabed profile

The seabed profile has been prepared on the basis optiigication of Rudowski et a2013) and
on the basis of general filrmation regarding the surveyed are@he data regarding the sediment
layers constituting the seabed are presented beldalflel).

Tablel. Geoacoustic parameters of the seabed used in the acoustic modelling
[Srs]abed layer Type of sediment Geoacoustic properties
0-2 Sand G = 1650 m/s
h I' nody R. k<
r m®pn Ik OY
2¢22 Postglacial sediments, coarse graing G,= 1950 m/s
sediments h I'Rnor
N uwdmn Ik OY
>22 Bedrock G = 2400 m/s
h I' nodm R. k<
' Wd®un 3IkOY

G ¢ compressed wave velocity
h ¢ compressive attenuation

" ¢ density

Source: internal data

Under assumed geoacoustic conditions of the sealagdpid sound absorption is expected due to
the interaction with the seabed.

3.2 Noise modelling

The sound created amresult of piling is instantaneous and afliscontinuous (impulsive) nature.
Acoustic energy is generated asesult of the impact of the hmmer. Awave of compressing stress
appears and moves down the pile and the surrounding medjdinst the air, further down the pile
the water, down to the seabed he acoustic energy travels &awater column via various paths:
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1 from the top part of thepile where the hammer strikes through the air to water;

1 from the top part of the pile downwards, thus radiating to the air, and as moving downwards
¢ from the air to water;

1 from the top part of the pile downwards, radiating directly to the water at thetisecof the
pile which is under the surface of water;

1 down the pile, radiating towards the seabed and then upwards through the seabed. As the
FO2dzAa A0 41 @Sa LINBLI I+ GA2y G 1 Sawdist dolndhy GKS
where it will beavalue added to thesound coming to the receiveithis way the sound
radiates back to the water columrBecause the sound velocity is generally higher in
homogeneous sediments than in water, the waves usually reach the recipient before the
wave propagating iwater,;

1 Inthe lower part of the pile the impulse power will make the pile drive into thefla. The
energy is transmitted from the hammer to the pile not only through the structural waves
radiating down the pile, generating the transverse waves inseetbed, but also through the
medium pressure on the seabed (Nedwell and Howell, 2004).

The sound in water is subjetd reflection and refraction At asmall distance from the pile the
acoustic energy propagates via various routes in various phases ahddeldys which causes
appearance of enhancing and attenuating interferences. Further away from the pile predominates
the energy coming from water and the seabed. In the flexible seabed the sound travels in the form of
acompressed pressurevave andatransverse wave SThe sounds can propagate through some
types of the seabed very quickly and wéhery slight attenuation. The waves S are thestmevident

in stony sedimentskReinhalland Dahl (2011) publisheddetailed research paper regarding the noise
generation and propagation in relation to piling, focusing mainly on the near field.

The sound level inwater column at some distance from the pile depends on:

the size, shape, length and material the pile is made of;

the size and energy of the hammer;

the type and thickness of the sediment;

the depth and type of the seabed,;

the depth of water (the shallow water channel in this report);
the salinity and temperature of water;

attenuation due to viscosity, pressure, salinity and acidity.

=A =4 =4 4 -4 -4 4

The temperature ad salinity changes in coastal waters influence the soregfthction inawater
column.These properties are the most significant for the acoustic energy transmission, particularly in
shallow waters where irregular séor and statistically varied wateugace occurs.

In general,for the shallow coastal water environmeqtthe lower sound frequency, the further the
sound is propagated. On the other harfiigh frequency sounds are more absorbed, particularly
when the depth decreaseas the sound sourceaedes.In such conditions greater interaction of the
sound with the seabed takes place and consequenthe sound is absorbed faster than in the areas

of greater depth. In shallow waters geometric spreading of the sound e.g. cylindrical or spherical
transmission loss might also be significant.

The acoustic wave propagation towards shallow waters has been presented below, thus depicting
the increased interaction of the wave with the seabed and the surface of wWaiture?7).
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Figure7. A diagram of propagating acoustic wave from the deep to the shallow waters and the increase of
interaction with the seabed and the surface of water

Red lineg acoustic wave
Blue lineg surface of water
Green lingg seabed
Source: internal data

3.2.1 Sound source information

In order to establish the most unfavourable scenario, four types of foundations considered for the
use in construction of the BalticWF have been analysed as sound sourdeblé 2). Floating
foundations which require anchoring have beercluded in these reflectiondn the caseof the
floating oundation anchoring, piling might be necessary, but its impact will be much smaller tha
any other foundation layingThe analysis has been carried out on the basis of the acoustic field
calculations in the form o cumulative sound exposure level (SELemitted to awater column.

¢KS OdzydzZ | GAGS az2dzyR SELR&dNBE t S@St Aa (GKS vYzai

generated during anthropogenic activity. Basicatyy 2 NRSNJ (G2 | aasSaa GKS
generated by single acoustitcidents (single strikes afpile driver) are summed up.

It has been established that the most unfavourable scenario with the highest potential impact on
marine biota in the explored area is the variant in whiclarge diameter pile withadiameter of
12.5m has been used. Therefore, the impact assessment will be further basedi®mtre
unfavourable scenariot must be noted that the most unfavourable scenario includes the sound
propagation conditions for the Baltic Segpical for the spring seasorit has been assumed that
asinglepoint source of sound is placed at the depth of 20 m (approximately the hafwater
column) and is located in the central points of the Baltica 2 and Baltica 3 Aigase).

Table2. Underwater sound emissions from pile driving
The type of foundation

Parameter Large Large
diameter diameter Tripod Jacket Jacket
pile pile

The diameter of the pile [m] 10 12.5 25 1.8 3
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The type of foundation
Parameter Large Large
diameter diameter Tripod Jacket Jacket
pile pile
The number of pile driver strikes per pil¢ 14,000 16,800 8400 8400 8400
The number of pile driver strikes per
hour 2800 2800 2800 2800 2800
The number of pile driver strikes per
foundation 14,000 16,800 25200 33,600 33,600
Pile hammer energy [kJ] 3000 3000 2300 2300 2300
SEL
OR. Nﬁ) M Kt L 220 223.6 210 206 210
SPheak
OR. NB MXxt Ll o 240 243.6 230 228 230
SEkimfor al h period
OR. Nﬁ) M Kt 254.4 258.1 244.4 240.4 251

The variants with possibthe strongest impact has been marked in bold
Source: internal data based on Betke (2008)

The above table iacomparison of the underwater sound emission during piling in relation to the
construction of an offshore wind farm, based asingle strike andanultiple strikes ofapile driver.
The sound levels for the pile withdiameter under 5 m have been read from the curve proposed by
Betke (2008), and then for the pile withdiameter of over 5 m the extrapolation of ihcurve has
been carried outThe L stands for the sound pressure level, and the StBe sound exposure
level, which isameasure of the acoustic energy afingle strike or multiple strikes iaspecific
period. Both values have been given in reference to the pressure value egualll ®

3.2.1.1 Sound source spectrum

The source frequency spectrum has been determined on the baaidisfinctive sound coming from
asingle strike o& pile driver recorded within 400 m frompile with adiameter of 1.5 m at the depth

of 25 m (Thomsen et aR006). This spectrum covers the frequency range between 20 Hz to 20 kHz,
but most of the energy is located in thirds with central freqoieis 100 Hz, 315 Hz and 1 kHae to

the fact that over 97% dditotal energy withinafull range from 20 Hz to 20 khiz contained within

the range between 20 Hz and 2.5 kHz, the modelling e lcarried out for this band-or the
remaining part of the bané conservative assumption that the transmission loss is not greater than
the transmission los$or 2.5 kHz has ln accepted.As shown in the sectio.2.3 the sound
absorption in water increased with the frequency incredsigre9) and this is an upper estimate of
asound exposure level.

The analysis has been carried out in the frequency bands with the width of 1/3 of an octave (thirds),
because it is known that in biological hearingtems the sound is integrated in an array of band
filters ¢ the frequeng bands called critical bandBhe width of the band equals approximatelym Kk o

1/12 part of an octave, whereby the Q value (the value corresponding to the frequency width divided
by the central frequency) iaconstant for nost species of marine animal§o simplify¢ according

also to the results of other surveys (e.g. Madsen et al., 2006), the ambient noise levels are calculated
in the frequency 1/3 octawbands (Thomsen et al., 26D
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A weight function suggested by the NOAA which is applied to marine mammals using for
echolocdion high frequency range HF(NMFS2016)¢ has even more influence on the shape of the
frequency spectrum of the sound source: the greatest amount ofgpectral energy is localised
within the frequency range between 3.15 and 16 kFig\re8, orange line).

After the application of the weight function sugged by theNOAA for pinnipedg PW (NMFS, 2016)

¢ the most energyfilled band wasathird with the central frequency of 1 kHEigure8, yellow line),
arelative contribution ofthe high frequency components increasesaassult of the reduction othe

low frequencies influencelhe frequency range assumed in the modelling covers around 80% of the
total energy contained within the full range from 20 Hz to 20 kHz which corresptmdhe
difference of 1 dB between the noise expose levaide and restricted frequency bands.
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Figure8. The model frequency spectra of the sound generated during piling in 1/3 octavds

Blue lineg frequency spectrum without applying tiveeight function

Red ling; frequency spectrum with the weigh function for marine mammals using high frequency range for echolocation
Orange ling; frequency spectrum with the weight function for pinnipeds

Source: modificatioof NMFS2016)

The sound levels within rh (the source levels) have been estimated on the basis of the sound
exposure levels, which are the sound levels averaged within an interval of 1 second (measured in dB

NE M &t dzy A (uaddewels hd¢&Sbeenalso given the atmospheric pressure levels (in dB re 1
XKthrod ¢KSaS @I fdzSa KI @S 0SS yapieddivardnid oSt sariesdiK  F 2 NJ
strikes (cumulative/multiple strikes) within 1 howf piling for one foundtion. The key input
parameters are:

f noise exposure level SEL& A y 3t S aGNA]1S3E@THHOZSc R. NB wm xtl
f peak sound pressure level $Rforad Ay 3t S aGNA1S I' WnoXc R. NB m -
1 cumulative noise exposure level Sklin a periodof 1 hour (2800 strikes) 2581 dB re Ix t 2l & @

After the application of the noise mitigation system, the noise levels assumed in the modelling will
reach the following values:

f noise exposure level SEL&A Ay 3t S A0GNAR]1Sa@ATumnIc R. NB m xtl

f peak sound pressure level SRforad Ay 3t S aGNAR1S I' HonXc R. NB wm -
f cumulative noise exposure level Skin aperiodof 1 hour (2800 strikes) = 245. R. NBa m  xt |
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3.2.2 Sound propagation modelling

The sound levels calculations in various distances from the sound source have bréeh @air for

the frequency up to 2.5 kHz with the use of the numerical model of thdeomater acoustic
propagation.Above 2.5 kHz the noise decreases rapidly along with the distance due to the sound
being attenuated by the sea water.

The sound propagatiois determined with the use of the Ranrdependent Acoustic Model (RAM).
The RAM is based on the method aparabolic equation assuming that the energy emitted
dominaes over the energy reflected@herefore, the RAM calculates wave equations.

The undervater ambient noise modelling software MIKE UAS whichpart of the updated MIKE
2017 package has beersad for numerical calculationghe model focuses on losdjstance noise
propagation in order to create the basis for carrying out environmkint@act assessments of noise.
The UAS appliesRAM code based on the sound propagation model developed by Collins (1993).
The application of this element is responsible for the change of the sound attenuation rate and
volume inawater column and enablethe use of the empirical model of Francois and Garrison
(1982a, 1982b) which is based on information regarding salinity, temperature and pkater
column @.1.1and 3.1.2. Moreover, the UAS models thewsul propagation in the seabed.he
seabed characteristics are based on the constant density of the sediment and oromiséant
thickness of the sediments laye.1.3.

To approach the real impact of the seabed on the sound wave propagation in water, the sound
waves absorption Y the bed materiakhould be taken into accounthe applied model takes into
account the sound propagation in the seabed, but applies only to oblong waves, not to resilient
waves (in modelling seabed detbnts are treated as fluidsApart from taking ind account the
attenuation resulting from stratification of the seabed, the change of density at the vesi@ibed
boundary is significanhiawave propagation researcfi.herefore,asimplified model of the seabed,
based on stratification of the sedimentspending ontheir density has been usedhe lower
boundary ofa physical medium comprises an absorption layerchtisa few wavelengths thickThis
characteristic preventa substantial amount of energy from boaing off the lower boundaryThe
modellingcovers the absorption layer and the comprehensive index of refraction model.

The sound source characteristics have been joined to the propagation model in order to calculate the
sound propagation from the piling location in 72 2Dnsacts to various dactions. Specific 1/3
octavebands with frequency ranged from 20Hz to 2.5 kHz which has the greatest significance for fish
and marine mammals occurring the area have been modelleBased on the obtained calculations,
maps presenting the sound exposueyél asafunction of adistance from the sound source have
been prepared.

Due to the fact that marine biota uses the spaceaivhole water column, maximum sound levels
calculated irawater column for each distance range have been presented.

The noisepropagation modelling has been carried out with the assumption of the following
simplified and specific conditions and presumptions:

1 the water surface is treated amsimple, horizontal perfectly reflecting boundary, ignoring
possible sea states where aadition to wave motion in the upper part of the water layer, an
infusion of air bubbles occurs which hasignificant impact on the speed of sound in the
surface part o water column;
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1 the MIKE UAS &2D model in which the substrate is made of layerth various acoustic
characteristic. This assumption is applied in the case of areas with fiignt seabed
diversification.However, the model does not take into account boulder areas and marine
plants located on the seabed,

1 the code ofa2D model ignoes the 3D effects related to the horizontal refraction of the
sound beam raygeflected from sloping seabedn the case ofasloping beach and
acontinental slope around underwater mountains and islands the beam propagates
obliquely along the slope andssibject to the phenomenon of horizontal refraction;

1 in shallow waters the boundary constituted by the seabed plapsedominant role as
propagating soundvaves toalarger extent interact with the surface of water and the
seabed due to the short distaedetween the two boundarieaVhen sound interacts with
the seabed takeplace multiple times over short distances, the seabed structure becomes as
sAYAFTFAOlFyG | a Thdtere ltheBdoutamayRpopiifatednot only dwvater
column but also in s#iments, resulting in the sound level attenuation dteethe partial
energy lossWhen the seabed is made of unconsolidated sediments, resilient waves can be
excluded in the modelling of sound interactiamd propagation in the seabeherefore,
only theeffect of the compressed waves pressure has been modelled;

1 the effects associated with acoustic background and masking hatveeen included in the
model.For the frequency where the greatest part of the acoustic energy is concentrated, the
acoustic bacground level is lower by around 100 dB, therefore it is assumed that it has
insignificant impact on calculated results;

T GKS KI YYS NXapile gahkdated iihe foyind moving down the pile and partially
reflected upwards through both the seabed and thiéie ending. In this modelling single
point enclosed source at the depth of 20 m (around the half of the depth of the examined
area) is the source of noisBue toa combination of the position of the noise source and the
spring season along the seabedpobgraphy it is estimated that the sound propagation
simulation will result in conservative estimates. In the spring season the noise source is
located inside of an acoustic channel which enables the sound diistgnce transmission;

9 the effects associat with the near field (under 100 m frothe noisesource) are excluded
as it is estimated that they will haveminimum impact on the sound level in the far field
(over 1@ m from the source of noisefror the impact zones included in this report (i.e061
m) the effects associated with the sound volume and the obliquely radiating waves
predominant in the near field are significantly attenuated.

The accepted assumptions result in the conservative results of the sound levels calculations.
3.2.2.1 Numerical settirgs

The spatial discretisation used in the findéferences model is defined in terms ofethvavelength
being modelledHence, the simulations take into account sensitivity to frequency components.

The depth resolution:
Qa |

the radial resolution iglefined as:
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3.2.3 Sound attenuation in water
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The sound attenuation in the sea water depends on the temperature, salinity, pressure and acidity
(pH values) of water. In the Baltic Sea salinity (around 8 ppt) isadvalf smaller than salinity in

open waters of the ocean. The UAS models the sound attenuatiamwigter column with the use of

the empirical model of Francois and Garrison (1982a, 1982b), in which the absorption coefficient is
decomposed into three components, corresponding to the contidns of boric acid, magnesium
sulphateand pure water (Lurton, 2010More details, including the application of the equation, can

be found in the Scientific Documents for UAS (DHI, 2017).

Low salinity of the Baltic Sea increased the absorption casiti¢or low frequencies (below 500 Hz)
and decrease it for high frequencies (above 1.25 kHz) in comparison to the forecast of the UAS for
the standard salinity (35 PSU) and simplified model of Richards at al. (EQjLBE®).
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Figure9.

MIKE UAS in comparison to the model of Richards et al. (1995)
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salnity equal 35 PSU and 8.3 PSU

Source: internal data

3.2.4 Noise mitigation system
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The absorption coefficient from the model of Francois and Garrison (1982a, 1982b) used in the

LIy

The noise mitigation system (Noise Mitigation Systéeips with the decrease of the lordistance

sound level. The most frequently used noise reduction systems include bubble curtains and screen of
the company IHC Merwede (Bellmann, 2014). At the time of the implementation of the investment
other technical neasures might be available which would enable to achieve at least the same noise
level as withthe use of the bubble curtaing\t the moment the investor does not declare which
measures he will use but they will be at least as efficient as the bubblerturta

The bubble curtainiad g | £ f ¢
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The bubbles create an acoustic impedance mismatch which is an effective method of blocking the
sound transnission (Spence et al., 200@n the otherhand, the IHC Merwede's sound level
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reducing screen is an dight steel pipe suounding large diameter pile$t has double walls filled
with air and between them additional air bubbles can be faebetween the large diaeter pile and
the steel pipe.Thesounds, crossing through the diled doublewall steel screen, areeduced due

to reflection caused by the impedance gap.

During the construction of the offshore wind farm Bokum West 2 in the North Sea (Diedetriahs
2014) the effect of usingsingle bubble curtain Big Bubble Curtain (BBC)aatwlible bubble curtain
Big Bubble Curtain (DBBC) was explored thanks to which reliable spectral data are avadabte (

10).
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single bubble curtain Big Bubble Curtain (BBC), the double bubble curtain Big Bubble Curtain
(DBBCand the noise reduction screen IHC (IHC)

Source: internal data based on Diederichs et al. (2014) and data obtained from DONG Energy Wind Power A/S

Frequency dependant sound level decredsigrel0) is deducted from the source spectruiFigure

8).
3.2.5 Cumulative sound exposure level
LYy 2NRSN) G2 RSFTAYyS (GKS

asingle strike is considered but also the sountddxa dzNJB
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is aseries of strikeslf all strikes are the same, cumulative sound exposure level(pE_defined

according to the equation:

3%o6i 3%, pm 1 @
where SEL corresponds to the exposure level of eriieesandn isthe number of strikes.
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RS wBithy A y SR

The cumulative sound exposure level is based on 2800 strikes within 1 hour and results in the

increase of the SEL value by 34.5 dB.

3.3 High frequencies transmission losses

The high frequency modelling requires an enormaalculating effort and it usually can be avoided

because most of the spectral energy is below 2.5 B.1.]). After weighing high frequencieerf
cetaceans, most spectral energy ranges between 3.15 and 16Hidizeg8). Therefore, all available
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bands of high frequency sources up to 20 kHz shbel taken into consideratiorhe transmission
loss in the high frequency bands have been estimated based omethdts of the low frequency
model. The lower frequency, tHarger extent of thesound waves interagnswith the seabed and
the high transmigen losses hampepropagation. While the impact of the sehed topography
decreases as the frequency increasdéise sound attenuation intensifies, hence between the
transmission loss resulting from the sbad topography and the sound attenuation resulting from
the transmission loss a minimum transmission loss occurs.

After the modelling of the minimum transmission loss, each transmission loss calculated beyond this
frequency band serves as the first conservative assessment of the transmissiorr legsrfdiigher
frequency bandskor more realistic estimation, the increase of the sound attenuation included in the
model of Francois and Garrison (1982a, 1982b) is added in ordéatain@ conservative estimate.
Predicting some model results, the estimated loss within high frequaaogmission for the Baltica

2 Area has been presenteBigurell).

Small impact of the seded topography Large impact of the sehed topography
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Figurell Transmission loss from the simulation MIKE UAS in two transects selected from the Baltica 2 Area

Left side: transect No. 2 and small impact of the-lsed topography

Right side: transect No. 1 and large impact of thelsed topography

All transmission Iaes are the minimum valuesargiven distance from the source. The graphs present only selected
elements of the spectrum

Source: internal data

The sound spreading along the transect No. 2 in the Baltica 2 Area is almost unimpeded but low
frequencies stilhave increased transmission loss due to the seabed topogrdpigyré11). Third
octave with the central frequency of 20 Hz is subject to the greatest transmissizeslo The
transmission loss increases along with the frequency and reaches the lowestatahe frequency

of 250 Hz.Then it increases again up to the frequency & RHz, the last modelled bandlVith

further increase of the frequency, due to the inased sound attenuation it can be assumed that the
transmission loss in the band of 2.5 kHz constitutesonservative estimate for all higher
frequencies.

If the impact of the seded topography is significant like in the case of the transect 1, the
transmission loss is much more intense, even in the lower frequency bdridsiré 11). The
transmission losses decrease significantly when the frequencgases to 200 Hz and then stabilize
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itself. Therefore, the transmission loss at 2.5 kHz can still serve as an estimate for even higher
frequencies, even if it is not as conservative as in the casasofiall impact of the sebhed
topography.

The transmission loss at the frequency of 2.5 kHz constitutes the base for the transmission losses at
higher frequencies and includes the loss caused by the impact of thieesbtbpogaphy ofa marine

area. The increase of the sound attenuation predicted by the model of Francois and Garrison (1982a,
1982b) has been added to this basic transmission loss. In the conservative approach, the sound
attenuation resulting from the parameters tfe sound channel condition is appligéidure9, yellow

line). The consequential transmission loss ddull frequency spectrum showasmooth transition

from the numerical model to the high frequency extrapolatiéig(rel?).
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Figurel2. Spectrum transmission loss after extrapolation along two selected transects in the Baltica 2 Area

Left side: Transect No. 2 and small impact of thelsshtopography

Right side: transect No. 1 andd&rimpact of the sehed topography

Continuous lines represent the results of the MIKE UAS simulation and dotted lines indicate the extrapolated part. All
transmission logsare minimum values ia given distance from the soce. The graphs present the pact of the losses
only at selected distances

Source: internal data

The estimation of the transmission loss in high frequencies will be applied during the consideration
of the weighted sound levels for the marine biota such as seals or porpoises.

3.4 Threshold values

The impact of noise on marine biota may be divided into five broad categories whiaktatge
extent depend on the distance @ specific individual from the sound source (Richardson et al.,
2013):

1 sound detection;

1 masking;

1 behaviourakeactions (such as avoidance);
91 hearing threshold shift (TTS, PTS).

The NOAA has formulated recommendations regarding causing the PTS and the TTS in classes of
marine mammals and fish differing in terms of their hearing characteristics (Southall 20@r).
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Their criteria are based on the weight function previously not uskable 3). These criteria are
perceived as the most comprehensive and in saalay they hae been applied in the assessment.

Table3. The criteria for noise exposition applied when calculating the impact range
Source Impact Taxonomic group | Modelled sound type SEL
. Single strike and accumulated .
PTS Harb . R. 20NXB
arbour porpoise impact [1 hour] Mpp
. Single strike and accumulated
TTS Harbour porpoise . n9 I umu 140dBre Xk t 2
impact [1 hour]
NMFS, 2016 Single strike and accumulated
PTS Harbour seal >ing Myp R. 2NB
impact [1 hour]
Single strik d lated . -
TTS Harbour seal ) Ingle SHIke and aceumuiate MT N R. 2Nb
impact [1 hour]
Maxon et al., | Behavioural Harbour porooise Single impact 140 dB ram  ®st(on
2015 reaction porp gle imp weighted SEL)
Russel et al., | Behavioural ) _ Mpy R. 2N@&n
. Harbour seal Single impact .
2016 reaction ¢ P weighted SEL)
P tal., Fish without swi Single strik d lated . -
opper et a PTS ish without swim : ingle strike and accumulate Hme B. 2NB
2014 bladders impact [1 hour]
Popper et al., Fish with swim Single strike and accumulated . N
PTS . Hno R. ZNB
2014 bladders impact [1 hour]
Popper et al., Fish without swim Single strike and accumulated . .
TTS ) Myc R. ZNB
2014 bladders impact [1 hour] y
Popper et al., Fish with swim Single strike and accumulated . -
TTS . Myc R. 20NB
2014 bladders impact [1 hour] y
Hawkins iin. | Behavioural Fish without swim ) ) MNH R. 2N®n
. Single impact .
2014 reaction bladders weightedSEL)
Hawkins iin. | Behavioural Fish with swim ) _ Mop R. 2N®n
. Single impact .
2014 reaction bladders weightedSEL)

Source: modification of NOAA (2016), Russel et al., (2016), Maxon et al. (2015), Popper et al. (2014) aHdRidk4et

4 Modelling of noise propagation asresult of asingle location
piling

The noise impact range has been determined on the basis of the modelling of the noise propagation

as aresult of asingle location piling taking into consideratidhe noisemitigation system.All

calculations of the noise propagation demonstrated in the further part of this section take into
consideration the use of the noise mitigation system.

4.1 Sound levels

The transmission loss (TL) within the frequency of 1/3 octeu®l 5 a standard result of the noise
propagation modelling.

The transmission loss meaasumulative decrease of the acoustic pressure because the acoustic
pressure wave spreads outside from the source. Therefore, the loss ofitisgisn from the source

to the receiver is defined in an equation in which the upper index R maesteiver and the upper
index SRC means the source.
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3% 392" 4,

Given that the transmission loss is depend on the frequency, the received sound level is
calculated on 1/3 octavkand, and additionally the overall level of the sound received is determined
on the basis of an equation in which 9% ,? fconstitutes the SEL for each 1/3 octavand with
acentralfrequency’Q

3% ptic pre3%’ es

The SEL level obtained from the above equation has been used for defining the total transmission
loss.

414 3RA" 3%.4
The total transmission loss may be used to define obtained valugs&Pd SPhxs.
3 02 3 03 2 # 4,|, A

The above is applicable on the assumption that the shape of the frequencies SEL and SPL spectra is
the same.

4.1.1 Weighing

Marine mammals are divided into various functional groups imte of their hearing features.
Various hearig featuresq expressed asrange in which specific species can hedas measured
guantitatively by the NMFS (2016) by frequencies weighing and expressed as:

90
o Q0 o Q0
where parameters a, b and C and frequenciesnd f; are listed in the table belowT@ble4). The

weighing curves are presented in the figure beldwgrel3). The hearing range has been provided
in the table Table4).

MM 6 pulC

The weighted level of the sound impact exposure is determineddighing each frequency band.

3%, pii ¢ pme3% 8

Table4. Functional hearing groups and associated with them hearing channels

General hearing L4 [ [ | F

Functional hearing groups range (kHz) | (kHz) | (dB)

Cetaceans emitting higliequency sounds (HE)

. 275 Hz160 kHz 1.8 2 12 140 1.36
harbour porpoises

Pinnipeds in water (PW)seals 50 Hz86 kHz 10 (2 |19 30 0.75

Source: modificatioof NMFS2016)
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Figurel3. The applied HF and PW weights in comparison to thedigght for marine mammals in water

The area is modelled only to 2.5 kHz, the transmission loss between 3.15 ardlig@stiinated on the basistbie

modelled loss in transmigsn of the low frequency sound
Source: internal data based on ESPOO REPORT (2016)

4.2 Results of the numerical modelling of propagation of sound generated in the
Baltica 2 Area
4.2.1 Sound propagation model in the case afingle strike ofa pile driver

The sound exposure level duriagsingle strike ofapile driver reaches the maximum value at the
sound source and drops to the value of 60 dB and below in the areas of the acoustic shadow caused
by the small depths. The noise exposure level dosisaxceed 145 dB at the boundaries of the

modelled area, located at the distance of 150 km from the soufagi(el4).
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driver in the Baltica 2 Area

The lines present the described transects
Source: internal data

The sound propagation model indicates two main directions (chE)rof the sound spreading
north-eastern (transect 2) and nortlvestern (transect 6), where in the nordastern channel higher
sound levels have been obsedi@etween the two above mentioned channels in the north direction
(transect 1) and along theoastal line in the south of the model area (transect 5) the shallowing of
the sea area exacerbates the sound propagation conditions and makes the SEL levasedecre
significantly.In the south and soutleastern direction from the modelled sound sourgéhe Polish
coast is located anadistance shorter than 50 km and is affected by the sound wave with the
exposure level SEL around 120 dB (transects 3 and 4).

The impact of the sebed topography ira sea area on the sound propagation conditions is reflected
by the diagram belowHigure 15) in which the sound spreading along thearisect 1 has been
illustrated. Directly from the source the sound propagates mainly alomng trajectory directed
downwards an undersea valley, by which indicating that the underwater sound channel is both
shaped by the thermohaline conditions (profile of the sound velocity) and limited by the upper and
lower boundary i.e. respectively the surface of the sea and the seabéethe sound spreads along

the main trajectory towards the shallows located atlistance of around 70 km from the source,
thend KSI Ra¢ R2 ¢y Thekafge gialini of ¢ SEE \@l&edwithin the shallows in this wa
indicates the increase of the transmission losses caused by the decrease of the depth.
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Figurel5. The model of the sound propagation along the transectthe sound exposure level SEL (dBLre
¥ t2 & Oasifghe Nttike ofa pile driver

Source: internal data

The model of sound propagation along the transect 2 has been illustrated on the diagram below
(Figurel®). In contrast tahe situationconsidered above regarding transect 1, in this case the sound,

almost unimpeded, spreads from its source located at the depth of 20 m in the direction of an axis of

the underwater sound channel located at the depth of around 45 m. At longer distancess@®ien)

from the source, the low frequency vertical structure of the sotieltl becomes clearly notabl@he

sound attenuation caused kysmall interaction with the seabed occursdaesmall degree. This leads

to the higher SEL values onthe edge offha RSt Qa4 NI y3S o6F NRPdzyR mpn 1Y ¥

180
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Figurel6. The sound propagation model along the transeat ¥ 2 A 8 S SELJ2 8 dzNB (28588t A ¥ 9 [
the case ohsingle strike of pile driver

Source: internal data

The sound which propagates along the transecE@gyrel7), reaches the highest sound exposure
level along the coast andlightly higher along the transect 4 located in the coastal zone and
constituting the shortest section between the source and the cdgisiufel8). Both transects: 3 and
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4 show that the coast is quite steep and the depth of water equals at least 15 m ainidites the
sound propagationHowever the water depth along the transect 3 is greater than along the transect
4 which results in the higher levef the sound exposure in the coastal zone in spite of the fact that
the distance from the source is longer.
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Figurel7. The model of the sound propagation along the transecttBe soundexposure level SEL (dB re 1
K t2 a Vasifigk Nttike of pile driver
Source: internal data
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Figurel8. The model of the sound propagation along the transectthe sound exposure level SEB re 1
K t2 & Oasifighe Nttike ofa pile driver

Source: internal data

The sound propagation along the transectFglre19) is similar to the one occurring along the
transect 1(Figurel5) but characteristicef the transmission loss in the shalls area are even more
evident.Due to small depths within the first 30 km from the source, the transmission loss expressed
with the SEL gradient is large and reacttes maximum at the thresholdA shallow water column
above the threshold acts asnew but weak sound propagation source in the area at the distance of
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over 50 km from the primary source. The sound propagates along the seabed until it reaches the
sound channel where it propagates further at the lower vatstructure.
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Figurel9. The model of the sound propagation along transeat the sound exposure level SEL (dB re 1
K t2 a Lasifigk Nttike of pile driver

Source: internal data

Transect6 (Figure20) is comparable to transect Zigurel6) but unimpeded propagation will occur
along with the increase of the water depth to over 50 m, at the distancaraind 25 km from the
source. The sound reaching the sound channel spreads within the verticattate in alow
frequency modeThe maximum SEL is locatedaahorter distance than in the case of transect 2 due
to the shallows in the vicinity of the source.
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Figure20. The model of the sound propagation along transéat the sound exposure level SEL (dB re 1
K t2 & Oasifighe Nttike ofa pile driver

Source: internal data

The direct comparison of the curves reflecting the maximum SEL values along all 6 transects
designated on the acoustic map illustrates the impaictn@ depth on the transmission losBigure
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21). The lack of obstacles (terrdimsed) at the sound propagation along transect 2 corresponds to
the transmission losEL expressed with the equation below:

4, pu 1 CYry
where:
R¢ the distance from the source,
R=1Y 0KS NBEFTSNBYyOS RAalGlIyOSo®
The logarithmic form of the transmission loss TLaigenerally accepted approximation and
constitutes evidence of the MIKE! { Q& | LILJX A Ol 6Af A& Ay GKAA&A aLISOAT
propagation along transect 6 (light blue line) are characterized by greater |dsseg propagation
along the first 30 km from the source but further away they react according toldbarithmic
description and the curve of the noise exposure level runs in parallel with the SEL predicted
transect 2 (orange line)The sound propagation @ similar nature occurs along transect 5 (green
line) with free conditions of the sound propagm starting at the distance of around 75 km from the
source. On the othehand, for transects 1, 3 and 4 increased transmission losses occur along the
whole length of these @insects.The conditions of the sound propagation along transect 3 (yellow
line) are characterized by the greatest S$falues alonghe coastal line and are slightly higher than
the values along transect 4 (purple line) corresponding to the shortest distance betweesotimd
source and the coast he depth profiles along both traests: 3 and 4 show that the coast is quite
steep and the depth of water near the coast is at leastril#hich enables favourable conditions of
the sound propagation. Howevghe depth of water along transect 3 is generally greater than along

transect 4, vhich is the reason for higher SEL values observed at the coast in spite of the longer
distance.

200 —— Transect 1

—— Transect 2
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—— Transect 4
R Transect 5

i Transect 6
\."\\ WW“WWMWMWMWW L TL= 15|Og(R)
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Figure2l. The summary of thamaximum SELs duringsingle strike withapile driver along designated
transects

Source: internal data
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4.2.2 Impact range
4.2.2.1 Grey and harbour seals

The impact range for the behavioural reaction amounted to 4.5 km in all directiogsré22, green
line). The impact ranges for the TTS for the sound exposure level resulting Bimigle strike with
apile driver and for the cumulative sound exposurederesulting fromamultiple (1:-hour long)
strikes witha pile driver on average amounted to 0.1 km for the single strike and 5.6 km for multiple
strikes andthe maximum range amounted 0.1 and 6.7 km respectivelyFigure22, orange line).

The impact range for the PTS is smaller than the TTS and shows an almost round shape around the
source with the distance not exceeding 0.1 km for the single saiikke0.8 km for the cumulative

(2 hour) strike ofapile driver Figure22, red line). The average PTS impact range in all directions
amounts to respedtely: 0.1 km for the single and70km for the cumulative SEHEor maximum SPL
values Figure23) allimpact ranges are below 0.1 kA summary of theimpact ranges from the
source have been presented in the table beldwlgle5).
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Figure22. The acoustic map of the weighted (PW) noigele)2 & dzNB S @S t%) da@sgd bpsigle NB m  x
strike ofa pile driver in the Baltica 2 Area

The ranges of the TS and the PTS impacts based @m SEL
Source: internal data
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Figure23. Acoustic map of the sound pressure le8&lLeakin the Baltica 2 Area

The PTS, TTS impact and lte@avioural reaction range (<Dkm) has been depicted with the use of the black sptite
noise source location
Source: internal data

Tableb. The noise impact range in the case of grey and harbour seals
SEL Average Maximum <Pl Average Maxmum
Threshold value | [dB re 1 : . (dBre 1 ; distance
« | distance [km] | distance [km] , distance [km]
ktlyua xtl 0 [km]
Behawoural 158 4.0 4.5 212 0.1 0.1
reaction
TT.S (a s!ngle pile 170 0.1 0.1 212 0.1 0.1
driver strike)
T
. S (cumulated 170 56 6.7 ) ) )
impact [1 hour])
PTS (a s.lngle pile 185 0.1 0.1 218 0.1 0.1
driver strike)
ETS (cumulated 185 0.7 08 i i i
impact [1 hour])

The PW weight has beapplied in the case of the SEBL the TTS and the PTS valdigse weight has not been applied in
the case of the SRk«and behavioural reactions
Source: internal data

4.2.2.2 Porpoises

Due to the lower threshold values for porpoises in comparison to sealsmibect rangesKigure24,
Figure25) are wide. The impact ranges in the form of the behavioural reactions do not exceed the
modelling range. The impact range for the behavioural reactions amounts to 13.4 in all directions
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where the seabed topography constitutes an obstacle for the sound propagabionextends to 46

km in the north east due to the sound channkigure24, green line). The average range amounts to
22.8 km. The average range fbetTTS amounts to 1.2 for the SEL and 18.5.5Bhd the maximum

is 1.8 and 26.3 km respectivelyigure24, orange line). The impact ranges for the PTS are smaller
than the ranges for the TTS and show an almost round shape around the source with the maximum
radius not exceeding 0.1 km for the Sfld 9.4 km for the SEk (Figure24, red line). The average

PTS impact range in all directions amounts to respectively: 0.1 km and 7.9 km.
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The ranges of TTS and PTS impacts based am SEL
Source: internal data

The range$SPeak (Figure25) are available only for the TTS and PTS and are below the impact ranges
based on the SEL. The impact ranges for the TTS and the PTS are cirshigpeirand have
aconstant radius of 0.2 and 0.1 km respectivelysummary of the impact ranges from the source
have been presented in the table belowaple6).
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Figure25. Acoustic map of the sound pressure level gaRtaking into account the threshold values in the
Baltica 2 Area

The PTS and the TTS impact as well abehavioural reaction range (<0km) has beedepicted with the use of the black
spa in the noise source location
Source: internal data

Table6. The impact ranges in the case of porpoises.
SEL Average : SPLpeak | Average .
. Maximum : Maximum
Threshold value | [dB re 1 | distance . (dBre 1 distance .
distance [km] , distance [km]
Kt u|[km] Kt o [km]
B .
ehawoural 140 22.8 46.0 -- -- --
reaction
TTS (a s!ngle pile 140 1.2 1.8 196 0.2 0.2
driver strike)
TTS (cumulated |, 185 26.3 - - -
impact [1 hour])
PT i i
.S (a s.lngle pile 155 0.1 0.1 202 0.1 0.1
driver strike)
PTS (cumulated 155 79 94 3 3 3
impact [1 hour])

The HF weight has been applied in the case of the SEL for the TTS and PTS values. The weight has not been applied in the
case of the SRdakand behavioural reactions
Sourceinternal data

4.2.2.3 Ichthyofauna

The TTS and PTS impact ranges for fish with and without the swim bladder are calculated on the basis
of the exposure level to noise caused hgingle strike ofapile driver and cumulative sound
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exposure level resulting from ritiple strikes (within 1 hour)The SELn is higher than the SEL for
asingle strike by 34.5 dB. The PTS impact range based on the SEL caaisedleystrike ofpile
driver is smaller than 100 m due to the high threshold values for fish avithwithaut the swim
bladder. The sampling interval of the model was 100 m therefore the smallest calculated impact
range was 0.1 km.

The impact ranges for fish with the swim bladder have been provided in the fhhlde) and the
modelling results have been demonstrated in the diagram bekiguie26).

Table7. The impact ranges in the case of fish without the swim bladder
SEL Average Maximum distance

Threshold value ®R. NB m|distance [km] | [km]

Behavioural reaction 142 18.6 32.6

TTS (a single pile driver strike) 186 0.1 0.1

TTScumulated impact [1 hour]) 186 8.0 9.2

PTS (a single pile driver strike) 216 0.1 0.1

PTS (cumulated impact [1 hour]) 216 0.1 0.1

The threshold value applies to the sound expotwel withouttaking into account the weight

Source: internal data
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The impact ranges for fish with the swim bladder have been provided in the fhhlde@) and the
modelling results have been demonstratedthe diagram belowRigure27).

Table8. The impact ranges in the case of fish with the swim bladder
SEL Average distance Maximum
Uil CIE wR. NB N [km] distance [km]
Behavioural reaction 135 31.7 76.2
TTS (a single pile driver strike) 186 0.1 0.1
TTS (cumulated impact [1 hour]) 186 8.0 9.2
PTS (a single pile driver strike) 203 0.1 0.1
PTS (cumulated impact [1 hour]) 203 0.9 1.0

The threshold value applies to the sound expotwel withouttaking into account the weight
Source: internal data
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The ranges of TTS and PTS impacts based am SEL
Source: internal data

4.3 Results of the numerical modelling of the propagation of sound generated in
the Baltica 3 Area

4.3.1 Sound popagation model in the case @ single strike ofa pile driver

The sound exposure level duriagsingle strike ofapile driver reaches the maximum value at the
sound source and drops to the value of 60 dB and below in the areas of the acoustic shaded cau
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by the small depths. The noise exposure level does not exceed 140 dB at the boundaries of the
modelled area, located at the distance of 150 km from the soufagi(e28).
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The lines present the described transects
Source: internal data

Similarly asfor the Baltica 2 Area, the sound propagation model for the Baltica 3 Area indicates two
main directions (channels) of the sound spread@ngorth-eastern (transect 1) and nortivestern
(transect 6), where similar sound levels values have been observiede@®ethe two channels in the
northern direction (transect 7) and towards the coast line in the south transects 2, 4, and 5) the
shallowing of the sea area exacerbates the sound propagation conditions and makes the SEL level
decrease significantly. In theouthern direction the Polish coast is located in at distance shorter than

40 km from the sound source and is subject to the impact of the sound wave with the exposure level
SEL around 135 dB (transect 3) which is 15 dB higher in comparison to the Isseledbin the

Baltica 2 Area.

The sound propagation along the transect Higre 29) is almost unimpeded, from the source
located at the depth of 20 m in the direction of an axis of the underwater sound channel located at
the depth of around 45 m. At longer distances (>30 kiom the source, the low vertical structure of

the sound propagation is notable.
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Figure29. The model of the sound propagation along transect the sound exposure level SEL (dB re 1
K t2l dovasingle strike ofa pile driver

Source: internal data

In contract to the considered above situation regarding transect 1, the sound, spreading along
transect 2 Figure 30) encounters shallows in the astal area.The transnission losses are
substantial After crossing the threshold located within 80 km from the source, the remaining sound
energy spreads iradeep pool in which the sound propagation takes place in an unimpeded
environment and the low frequency vertical structure of the sound field becomes clearly notable.
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Figure30. The model of thesound propagation along transect @the sound exposure level SEL (dB re 1
K t2 a Lasifigke Nttike of pile driver

Source: internal data

The shortest section between the sound propagation source and the coast is located along transect 3
(Figure 31). The sound propagation is supported bgently sloping shelf which does not rise
signficantly up to the very coastThe SEL o&single strike ofapile driver on the coast slightly
exceeds 135 dB and is higher from the values determined for the Baltica 2 Area.
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Figure3l. The model of the sound propagation along transeat the soundexposure level SEL (dB re 1
K t2 a Vasifigk Nttike of pile driver

Source: internal data

The sound spreading in parallel to the coast in the case of transdeigdr€¢32) again shows the
increased transedbss resulting from the deptihe depth of water is smaller than the centre of the
sound channel, so the sound is bent towards the seabed wh@it of the energy is absorbed by
the substraé and the attenuation phenomenon occurs.
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Figure32. The model of the sound propagation along transeat the sound exposure level SEL (dB re 1
K t2 a Lasifigke Nttike of pile driver

Source: internal data

The sound propagation along transectfgure33) is similar to the one presented along transect 2
(Figure30). Due to the shallow water areas at the distance of around 70 km from the sound source,
the transmission loss SEL expressed with gradient is large and reaches the maximum at the
threshold Ashallow waer column above the threshold acts asiew but weak sound propagation
source in the area at the distance of over 80 km from the primary source. The sound propagates
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along the seabed until it reaches the sound channel where it propagates further kivtlee vertical
structure.
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Figure33. The model of the sound propagation along transeat the sound exposure level SEL (dB re 1
K t2 a Lasifigk Nttike of pile driver

Source: internal dat

Transect 6Kigure34) is similar to transect Z={gure30) but propagationof the sound which reaches
the sound channel is impeded by two shallow water areas wibimnd 70 km from the sourc&he
sound propagates at the maximum SEL in the cesfttbe sound channel.
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Figure34. The model of the sound propagation along transeat the sound exposure level SEL (dB re 1
K t2 a Lasifigke Nttike of pile driver

Source: internal data

Transect {Figure35) shows the sound propagation in the northern direction where the main sound
propagation path is directed downwards, towards tredley until it reaches the sound chann&he

main propagation path runs according to the depth in the shallow water area at the distance of
around 60 km and then downwards to the next valley and to the nexiashakaters areasLarge
gradient in the SED the shallow waters area indicatagjreat transmission loss due to the depth.
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Figure35. The model of the sound propagation along transeat the sound exposure level SEL (dB re 1
x t 2l dovasingle strike of pile driver

Source: internal data

The direct comparison of the curves reflecting the maximum SEL values along all 7 transects
designated on the acoustic map illustrates the impact of the depth on the logarithmic form of the
transmssion lossKigure36).

Transects 1 and 6 are close to the logarithmic form of the transmission loss but the increased
transmission losses occurred on the first kilometres from the source. The SEL drops caused by the
occurrence of the shallow waters areas are notable in the sainashnelin the case of the transect

6. In the case of transect 7, the sound may spread well through the first 40 km but further away
agreat transmission loss occuls the case of other transects, the sound travels through the mass
transmission loss sting from the very beginning; at transects 2 and 5 the logarithmic transmission
loss has been demonstrated at the distance of over 90 km from the source.
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Figure36. The summary of the maximum SELs duragjngle strike withapile driver along designated
transects
Source: internal data

4.3.2 Impact range
4.3.2.1 Grey and harbour seals

The average impact range for behavioural reaction equdlskd Figure37, green line), and the
maximumg 4.6 km.The impact ranges for the TTD and the PTS based on the noise exposure level for
asinglestrike ofapile driver in all directions are shorter than 0.1 KRigure37, red line localised
within the sound source)n the case of the SEL foumulative strikes (1 hour) the average impact
range for the TSS equals 6.1 km and the maximum is 7 (Figure37, orange line). However, the
averageimpact range for the PTS equals 0.8 km and the maximum is 1.Figorg37, red line
localised withirthe sound source).

For the SRkak(Figure38) the impact ranges are shorter than 0.1 km.

A summary of the impact ranges from the source have been presented in the table Galbis9).
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Figure38. Acoustic map of the sound pressure le®&keaktaking into account the threshold values in the
Bdtica 3 Area

The PTS and the TTS impact ranges as well &ettavioural reaction range (<Dkm) have been depicted with the use of

the black spot in the noise source location
Source: internal data

Table9. The impact ranges ithe case of grey and harbour seals
SEL A_verage Maximum SPheak Ayerage Maximum

Threshold value | [dBre 1 | distance . (dBre 1 | distance :

distance [km] , distance [km]

Kt | u|[km] kKt 0o |[km]

BehaIV|0uraI 158 4.1 4.6 212 0.1 0.1

reaction

TTS (a s_lngle pile 170 0.1 0.1 212 0.1 0.1

driver strike)

TTS (cumulated

impact [1 hour]) 170 6.1 71 - - -

PTS (a s.lngle pile 185 0.1 0.1 218 0.1 0.1

driver strike)

ETS (cumulated 185 08 11 3 3 3

impact [1 hour])

The PW weight has been applied in the case of the SEL for the TTS and the PTS values. The weight has not been applied in
the case of the SRkxand behavioural reactions
Source: internal data

4.3.2.2 Porpoises

Due to the lower threshold values for porpoises imgarison to seals, the impact rangésgure39,
Figure40) are wider. The average range of behavioural reactions equals 24.1 km and the maximum
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