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Executive Summary

This report presents the results of underwater noise modelling carried out by Cefas in support
of the Environmental Impact Assessment (EIA) for the optimised Seagreen Offshore Wind Farm.
Prddictions were made of the sound exposure levels (SELs) and peak sound pressure levels (peak
SPLs) arising from percussive pile driving for maximal hammer ener@i€90tkJ (monopiles)
and1,710 kJ (pin piles) at several locatiomihin the SeagreerPrgect Alpha and Project Bravo
areas, including concurrent piling at two locatioRsedictions were also made péak sound
pressure levels (peak SPas}he initial (soft start) hammer energies of 400 kJ (monopile) and
270 kJ (pin pile) to assess the $linstantaneous auditory injury at the onset of piling activity.
Based on these predictions, effect zones were computed for the riBrrafianent Threshold

Shift (PTS) on harbour porpoisei{ocoena phocoefabottlenose dolphinTursiops truncatus
white-beaked dolphinl{agenorhynchualbirostrig, minke whale Balaenoptera acutorostraa

grey seallflalichoerus grypysandharbour sealPhoca vituling using the SouthaSouthallet

al. 2007)and NOAANational Marine Fisheries Service 2046ijse exposure criteria for marine
mammals. The model included the assumption that marine mammals would flee from the pile
foundation at the onset of an acoustic deterrent device (ADD) deployed 15 minutes prior to the
commencement of a piling soft start. Furthermore, the risk of Temporary Threshold Shift (TTS),
recoverable injury, and mortality was predicted farring Clupea harengs), using the Popper

et al.(2014) criteriaNo fleeing behaviour was assumed for fish.

Of the marine mammal species assessed, only harbour porpoises were predicted to incur PTS
at distances greater than 50 m. The NOAA (2016) guidance consists of terd, cwith
thresholds for both cumulative SEL and peak SPL. Harbour porpoises were predicted to incur
PTS to a distance of 170 m from the monopile foundation under the peak SPL criterion (PTS
effect area was <0.01 Khunder the cumulative SEL criterio®iven the planned deployment

of an ADD prior toifing, the risk of PTS under the peak Siiterion is considered negligible.

Under the cumulative SEL criterion, the largest effect zone predicted for mortality of herring
was 283 km? under the concurrentpiling of two jacket foundations scenario, which hee
largest energy accumulation over 24 haurbe greatest effect zones for recoverable injury and
TTS were 8.83 khand 1275 krf respectively.
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Introduction

This report presents the results of underwater noise modelling carried out by Cefas in support
of the environmental impact assessment for the optimised Seagreen Offshore Wind Farm. The
consented Seagreen Reat includes jacket foundation structures with pin pile foundations, the
optimised Seagreen Project proposes monopiles or pin piled jackets. Predizgomsnade of

the sound exposure levels (SELs) and peak sound pressure levels (peak SPLs) arising from
percussive pile driving for maximal hammer energie3,000 kJ (monopiles) arid710 kJ (pin

piles representing 95% of the full hammer capacity of 188Pa&tJseveral locations around the
perimeter of theDevelopmensite, including concurrent piling &vo locations Based on these
predictions, effect zones were computed for the risk of permanent threshold shift (PTS) on
harbour porpoiseRPhocoena phocoefabottlenose dolphinTursiops truncatyswhite-beaked
dolphin (agenorhynchuslbirostrig, minke whale @alaenoptera acutorostraja grey seal
(Halichoerus grypysandharbour sealfPhoca vituling using the Southall (Southell al.2007)

and NOAA (National marine Fisheries Service, 2016) noise exposure criteria for marine
mammals. Furthermore,hie risk of temporary threshold shift (TTS), recoverable injury, and
mortality was predicted fotherring Clupea harengys based on the Poppegt al. (2014)
criteria.

1 This reflects the ramp up for jacket pin piles assumed fol2E2 Offshore ES.
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Methodology

Source model

The source level estimafer pile driving was calculated ing an energy conversion modg&e
Jong and Ainslie, 2008yhereby a proportion of the expected hammer energy is converted to
acoustic energy:

_”4 .“I JjWJIfLZ- 1)
g

where Ois the hammer energy in joule¥v'0 is the source level energy for a single stréte
hammer energyO, 51 is the acoustic energgonversion efficiency® is the speed oound in
seawater in m$, and” is the density of seawater in kgin

This yields an estimate of the source level in units of sound exposure level (dB res). (TPis
energy is then distributed across the frequency spectrum based on previous measuscofh
impact piling(Ainslieet al., 2012)

Hammer energy profiles fahe piling scenarios (see Secti@nformed thebasisof the source

level estimats. Equation 1 was used to compute the source level energies, using an acoustic
energy conversion efficiency 00.5%,which assumesthat 0.5% ofthe hammerenergy is
converted into acoustic energy. This energy conversiarofais in keeping with current
understanding of how much hammer energy is converted to n{ixhl and Reinhall, 2013;
Zampolliet al, 2013; Dahét al,, 2015) Equation(1) gives the sourcéevel energy for a Bgle

strike (singlestrike SEL)I'he maximal singlpulse SEL, SElas well as the cumulative SEL (the
total SEL generated during a specified peri@&Bl.m were computed

The peak SPL was calculated using the empirical lineatieqsidinking peak sound pressure
levels and sound exposure levels for pile driving sources found by Lippert et al. (2015).

Propagation model

The propagation of piling noise was modelled using the Cefas noise (kadess et al., 2016),
which is based om parabolic equation solution to the wave equation (RAM]lins, 1998
Unlike many propagation models, this model takes into account the bathymetry, sediment
properties, water column properties, and tidal cycle, leading to more detailed and reliable
predictions of sound level. It is also widely used in pestiewed scientific studies which have
benchmaked it against empirical data.

The Cefas model is a qu&$) model consisting of 360 2D transects extending away from the
source at intervals of one degreSound propagation is modelled at each discrete frequency in
the source spectrum (10 frequencies per 1/3 octave band). These transects were then
resampled and integrated over frequency (using the appropriate auditory weightings where
needed). Finally, thresulting levels were averaged over depth to produce noise maps.
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Aside from source levels of piling, the main model inputs were bathymetry, water temperature
and salinity (used to compute sound speed), and the acoustic properties of the seabed

sediments.

Bathymetric data in UTM30N projection was provided to Cefas, covering the area inside the

Project Alphaand ProjectBravo boundariesThis was supplemented by a more extensive
RFEGFasSas 6gAGK | T dpé
EMODNET databasgetifp://www.emodnet-bathymetry.eu/dataproducty and then converted

to UTM3ON projection. The bathymetric datasets were interpolated and used to define the
modelnumerical grid with a resolution of 100 m, and a coverage of 5000000, 6100000

NB a 2 f dzii A 2 ywnlbagel frakny

2D{y

6500000 (eastings, northings UTM30N), or approximately 250 km by 400 km, which was more
than adequate for the frequency ranges and the spatial scales used in the simsilatio

The water temperature and salinity data, which are used by the model for calculating the water
column sound speed profiles, were taken from a validated, multiyear hindcast model produced

by Cefas, known as GEERRSEMBFM. The model provides extensivailg coverage at 0.1

degree spatial resolution, and includes 25 depth layers. Typical November water properties

were used for the acoustic propagation predictions, representing a midpoint between winter
and summer sound propagating conditions. It was chasemodel water properties based on

a typical November as this represents a mixture of most probable and wasgt scenarios
which would form a conservative but probable scenario.

The noise model also includes the acoustic properties of the seabetieeidi, namely speed

of sound, density, and acoustic attenuation, which are used to construct a geoacoustic model

of the seafloor. These properties were derived from deabed core datdy correlating the
core sediment information with published acousticoperties of various sediment types

(Hamilton, 1980).

Piling Locations

The piling locations that were modelled in the assessment and their coordinates are given in

Table2.1. These locations, and piling parameters summarised hetasve provided to Cefas

by NIRAS Consulting, the Project Lead EIA consultants, following consultation with Marine

Scotland and Scottish Natural Heritage.

Table2.1 Pile driving locations used for noise mdldey with coordinates in decimal degrees

Location Latitude Longitude
Alpha 2012 56.5929 -1.9301
Bravo 2012 56.5897 -1.7328
Alpha NW 56.677553 -1.937101
Alpha SW 56.513386 -1.939632

Bravo SW 56.515385 -1.892356
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Latitude
56.665388

Location

Bravo NE

Longitude
-1.577116

2.5 PilingScenarios

Hammer energy profiles were estimated for driving monopiles of 10 m diameter for the-worst
case ground conditions at the site, with a maximum hammer energy of 300@d&2.2), and

for driving pin piles of 2 m diamet (Table2.3), with a maximum hammer energy of 1710 kJ
(representing 95% of the full hammer capacity of 1800 kJ).

Table2.2: Monopile hammer energy profile

Prepile ADD deployment dation 15 min

A. Soft start Soft start A starting energy 400 kJ
initiation Soft start A energy ramp up none
Soft start A duration 1 min
Soft start A strike rate 7 blows/min
Soft start A end energy 400 kJ
B. Soft start Soft start B starting energy 400 kJ
Soft start B energy ramp up even
Soft start B duration 19 min

Soft start B strike rate

31 blows/min

Soft start B end energy

600 kJ

C. Progression to

Full Power

D. Full Power

Piling

Piling C starting energy 600 kJ
Piling C energy ramp up even
Piling C durabn 120 min
Piling C strike rate 35 blows/min
Piling C end energy 3000 kJ
Piling D starting energy 3000 kJ
Piling D energy ramp up none
Piling D duration 100 min
Piling D strike rate 35 blows/min
Piling D end energy 3000 K

Total active piling duration (min) 240 min

8296

Total blows

Paged
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Table2.3: Hammer energy profile for one pin pile, based on the hammer capacity of 1800 kJ

Prepile ADD deployment 15 min (only for first me pile of the jacket)

Hammer capacity Hammer Duration Strike rate
energy (mins)

15 % 270 kJ 6 45

35% 630 kJ 4 45

55 % 990 kJ 5 45

75 % 1350 kJ 30 45

95 % 1710 kJ 90 45

Active duration per pile | 135mins

Total blows per pin pile | 4725

Based on ting location and foundation time, a total of seven scenarios were asse$abte(

2.4), including monopiles and jackets at a single location, combinations of a monopile and a
jacket and combination of 2 jackets piled simultansiguat two locations. For the cumulative
exposure assessments, it was assumed that a single pile is installed in 24 hours for monopiles,
and 4 pin piles (one jacket) is installed in 24 hours for jackets, with a 90 minutes interval
between the piling of edtpin pile.

Table2.4: Pilling location(s) and foundation type of each modelled scenario

Scenario Hammer energy profile Location(s)
Scenario 1 Monopile Alpha 2012
Scenario 3 Monopile Bravo 2012
Scenario 5 Jacket (4 pin piles) Alpha 2012
Scenario 6 Jacket (4 pin piles) Bravo 2012
Scenario 7 Monopile & Jacket Alpha NW & Alpha SW
Scenario 8 Monopile & Jacket Bravo SW & Bravo NE
Scenario 9 2 Jackets (2x4 pin pile Alpha NW & Bravo SW

The source levels foine starting and maximum energies of the hammer energy profiles, derived
using the methodology described in Secti, are shown imTable2.5 in both the energy and
the peak pressure metric.

Table2.5: Single strike sound exposure source levels and peak pressure source levels, at 1 m, for the start and
maximum hammer energies

Hammer energy (ij Description Slss[dB re 1uPas]  SL peak [dB re 1uPe
270 Fin pile start 202.2 243.1
400 Monopile start 203.9 245.4
1710 Pin pile maximum 210.2 254.3
3000 Monopile maximum 212.6 257.7

Paged
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Metrics modelled

Three model types were run for each foundation type:

(1) SEksbased on the maximum hammer energy (to inform asseent of risk of disturbance,
see Sectiors.l);

(2) Peak SPL based on initial and maximum hammer energies (to assess instantaneous PTS risk
at piling onset and during piling, see Sect®nand

(3) SELumover 24 hours based on the hammer energy profiles (to assess risk of cumulative PTS
for marine mammals, see Sectidrror! Reference source not founand for fish, see
Section0).

To assess the emtuality of two piling vessels being available concurrently, scenarios were also
run for simultaneous piling at two locations for the above three model types. The model types
and associated abbreviations and effects are listeOahle2.6.

Table2.6: Metrics and associated effects for each of the three model types

Metric Abbreviation Effect assessed Criterion

Singlestrike SEL SElLs Disturbance Doseresponse curve
Cumulative SEL SELkum PTS NOAA criterigall scenarios)
Southall criteria (scenarios 1
5and9)

Popper criteria (fish only)
Peak SPL PeakSPL PTS NOAA criteria

Southall criteria

Noise Exposure Criteria

For marine mammals, the risk of PTS was assessed using the N@A& (bfational Marine
Fisheries Service, 2018)r all scenarios, and the Southall criteria (Southall et al. 2007) for
selected scenarios, including the one witie highest cumulative hammer energy, namely
Scenario 9. The NOAA and Southall criteria are based on both of the dual criteria: cumulative
sound exposure level (SE&k) and peak sound pressure level (peak SPL). To assess dhe SEL
criterion, the predictims of received sound level are frequency weighted to reflect the hearing
sensitivity of each functional hearing group (first columf &ble2.7 and Table2.8). The peak

SPL criterion is for unweightedagived sound levels.

PagelO
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Table2.7 NOAA criteria sound exposure thresholds for marine mamiiiNdsional Marine Fisheries Service, 2D16

Hearing group SEkum Peak SPL SEkum Peak SPL
[dBre1>P&s] |w R. NX[dBrel>P#s] |ow R. NF

Lowfrequency 168 213 183 219
cetaceans
Mid-frequency 170 224 185 230
cetaceans
Highfrequency 140 196 155 202
cetaceans
Phocids 170 212 185 218

Table2.8 Southall criteria sound exposure thresholds for marine mami@dsthallet al. 2007)

Hearing group SEkum Peak SPL SEkum Peak SPL
[dBre 1>P&s] |w R. NXB[dBrel>P#s] |ow R. NX&

Lowfrequency 183 224 198 230
cetaceans
Mid-frequency 183 224 198 230
cetaceans
Highfrequency 183 224 198 230
cetaceans
Phocids 171 212 186 218

For fish, the Skl Popper criterig Popperet al, 2014)were applied Table2.9). These consist
of thresholds for TTS, recoverable injury and mortalidone of these thresholds apply
frequency weightings. Note that the fish species considenathely herring Clupea harengys
belong to the most sensitive grou@opper lli(fish species witrswim bladder involved in
hearing)

Table2.9 Sound exposure thresholds for fihopperet al., 2014)

Recoverable injury Mortality

Hearing group

Popper il

Pagell
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2.8 Marine mammal fleeing behaviour for PTS estimation

To assess the risk of instantaneous and cumulativeiPi§Siecessary to make assumptions of
how animalamnay respond to noise exposure, since any displacement of the animal relative to
the noise source will affect the noise exposure incurred.

For this assessment, it was assumed that animals would flee from the pile foundation at the
onset of operation of aracoustic deterrent device (ADD) deployed 15 minutes prior to the
commencement of a piling soft start. Animals were assumed to flee out to a maximum distance
of 25 km (after which they were assumed to remain stationary at that distance).

Table2.10 Fleeing speeds assumed for each marine mammal species/taxon

Harbour

Species Porpoise Dolphin Minke Whale Phocid Seal
Swimming 1.4 1.52 2.1 1.8
speed (m/s)

Minimum depth 5 5 10 0
constraint (m)

The fleeing modeliswulates the animal displacement and their noise exposure for a given piling
scenario by placing an animal agent in each grid cell of the domain (i.e. every 100 m by 100 m)
and allowing them to move on the domain grid according to a set ofdpfmed rules. The
position of all agents and the cumulated exposure areveluated at constant time intervals

(e.g. 5 minutes) and at the end of the scenario piling activity the total cumulated exposure of
all animal agents is mapped back to their starting pos#&ion the grid.

In the case of single location pile driving, the model assumes that the animal agents are fleeing
at constant speedsT@ble2.10), along straight lines away from the pile location, as long as the
local water depth gceeds a minimum valud gble2.10). If moving away along this line would
take the animal agent into shallower water than the allowed minimum depth, then a change in
direction is calculated and effected, with the allowed valuefgtive to current direction from

the pile location to the present agent position and in order of preference, beingt5?
(forwards left or right) , +90° (sideways left or right), -4/35° (backwards left or right) and, as

a last option 180° (backwardwards the piling location, but not to the previous position, unless
the previous movement direction was 0°, i.e. straight forwards along the- piggent line). It
should be noted that, as indicated Trable2.10, these rules daot apply to the seal agents,
who are allowed to move in any depths of water and even move to the shore (within the 25 km
maximum distance from the pile location), thus stopping their sound exposure.

In the case of dual location pile driving, the modell stssumes that the animal agents are
fleeing at the same constant speeds as in the case of single location pile driving, but their fleeing
direction is reevaluated at every time step according to their position relative to the location

of the two piles.Specifically, at a given time, the fleeing direction is calculated by summing up
the two vectors originating at the current animal agent position, pointing straight away from
the two sources, and having their magnitude proportional with the specific desgonses of

Pagel2
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the animal for the current single strike SEL from the two sources, respectively. The same
minimum depth constrains and shallow water avoidance rules as in the single location pile
driving described above apply also in the case of dual locatierdriving.

Results

SingleStrike Sound Exposure Levels for Behavioural Response Assessment

The scenario assessed for Skie listed inTable3.1 and the results are shown Figure3-1to
Figure3-7. Scenario numbering is negequential because Scenarios 2 and 4 (2,300 kJ monopile
installation at Alpha and Bravo respectively) were not pursued following review of the results
of higher energy piling (scenarios 1 and 3) atgame locations.

Table3.1: Scenario list for SEL

Scenario Description Figure number

Scenario 1 3000 kJ at Alpha 2012 Figure3-1

Scenario 3 3000 kJ Bravo 2012 Figure3-2

Scenario 5 1710 kJ at Alpha 2012 Figure3-3

Scenario 6 1710 kJ at Bravo 2012 Figure3-4

Scenario 7 3000 kJ at Alpha NW Figure3-5
1710 kJ at Alpha SW

Scenaio 8 3000 kJ at Bravo SW Figure3-6
1710 kJ at Bravo NE

Scenario 9 1710 kJ at Alpha NW ¢ Figure3-7
1710 kJ at Bravo SW

Pagel3
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Figure3-1: Singlestrike SE for a hammer energy of 3000 kJ (maximum monopile hammer energy) at location Alpha
2012 (Scenario 1)
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Figure3-2: Singlestrike SEL for a hammer energy of 3000 kJ (maximum monopile hammer energy) ahlBcatio
2012 (Scenario 3)
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Figure3-3: Singlestrike SEL for a hammer energy of 1710 kJ (maximum pin pile hammer energy) at location Alpha

2012 (Scenario 5)
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Figure3-4: Singlestrike SEL for a hammer energy of 1710 kJ (maximum pin pile hammer energy) at location Bravo

2012 (Scenario 6)
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Figure3-5: Combined singlstrike SEL for a hammer energy of 3000 kJ (maxirmonopile hammer energy) at
location Alpha NW and a hammer energy of 1710 kJ (maximum pin pile hammer energy) at location Alpha SW
(Scenario 7)
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Figure3-6: Combined singlstrike SEL for a hammer energly3D00 kJ (maximum monopile hammer energy) at
location Bravo SW and a hammer energy of 1710 kJ (maximum pin pile hammer energy) at location Bravo NE
(Scenario 8)
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Figure3-7: Combined Singlstrike SEL for daammer energy of 1710 kJ (maximum pin pile hammer energy) at
locations Alpha NW and Bravo SW (Scenario 9)

Peak SPL Assessment of Instantaneous PTS Effect Zones for Marine
Mammals

All the effect ranges for the peak SPL criterion for instantaneous P aiitial hammer
energies of 400 kJ (monopiles) and 270 kJ (pin piles) were less than 50 m for all modelled
scenariosTable3.2).

Table 3.2: Effect ranges for instantaneous PT$ fiearine mammals at the initial hammer energy (400 kJ for
monopiles and 270 kJ for pin piles)

Southall | NOAA | Southall | NOAA | Southall | NOAA | Southall | NOAA
<50m <50m | <50m <50m | <60m <50m | <60 m <50m

<50m <50m | <50m <50m | <60 m <50m | <60 m <50m

<50 m <50m | <60 m <650m | <60 m <50m | <50 m <50 m
<50 m <50m | <50 m <50m | <60 m <50m | <60 m <650m
<50 m <50m | <60 m <50m | <60 m <50m | <50 m <50 m
<50 m <50m | <50 m <50m | <60 m <50m | <60 m <60 m

OO N|O|OU|W|

<50m <50m | <50m <50m | <60 m <50m | <60 m <50m
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