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* Pile driving operations carried
out in 2015 generated intense
sound, impulsive in nature at
close range, which radiated into
the surrounding air, water and
sediment.

* Qur team deployed a number of
instruments to monitor this
noise at several locations from
500 m to 15 km from the pile
driving.

* Note the piles are driven at a
angle of 13.27° with the vertical.
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SHRU 913 ChO — normal gain setting, 1 pulse

WHOI SHRU was set for alternating
channels at different gains

Small amount of clipping for both
SHRUs at normal gain

¢ ChO — normal gain setting, raw
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Data show variation in levels probably due to the angle at
which the piles are being driven.
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 We deployed a similar
suite of sensors to monitor
operations of the wind
farm from December 20,
2016 to January 14, 2017.

 Equipment included the
tetrahedral hydrophone
array/3-axis geophone
(~50 meters from WTG
#5), and two vertical
hydrophone arrays (~100
m and 7.5 km from WTG
#5).
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Spectrogram taken 50 meters from WTG#5

Hydrophone 2 of Tetrahedral Array, December 26, 2016
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A spectrogram, time series and audio

12/26/2016, 02:23 UTC, Record # 106
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e Auditory portions of the fish

ears are the “otolithic
organs”

e Otolithic organs of all fishes
respond to particle motion
of the surrounding fluid.

 Many fishes are also able to
detect sound pressure via
the gas bladder or other
gas-filled structures that re-
radiate energy, in the form
of particle motion, to the
otolithic organs

Endolymph
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Fig. 3.2 Sound pressure behavioral audiograms for four species that are sound pressure-sensitive
in the frequency regions plotted. Common carp (Cyprinus carpio, Popper 1972); Atlantic cod
(Gadus morhua, Chapman and Hawkins 1973); soldierfish (Myripristus kuntee, Coombs and
Popper 1979); hardhead catfish (Arius felis, Popper and Tavolga 1981)
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Hearing range and sensitivity varies
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Noise can result in the audiograms
being masked so that the full Auditory evoked potentials may not fully reflect the
hearing sensitivity of the animal hearing capabilities of animals - do not include signal

cannot be determined. processing by the brain



Particle Acceleration on the seabed and in water

(Construction)

Frequency distribution of acceleration for one hammer strike calculated from geophone ana

tetrahedral array data at 500 m from the turbine

Tetrahedral Array data

Particle motion : Tetrahedral array data
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October 25, 2015; UTC 19 58
Geophone data

Particle motion behavior audiograms
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* Levels are slightly above the behavioral

sensitivity for most fishes in water and on the

seabed at 500 m

The RODEL._ Effect more pronounced along the seabed
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Particle Acceleration on the seabed and in water

(Operation)

Frequency distribution of acceleration calculated from geophone and tetrahedral array data at
50 m from the turbine during operation
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Fig. 3.2 Sound pressure behavioral audiograms for four species that are sound pressure-sensitive

in the frequency regions plotted. Common carp (Cyprinus carpio, Popper 1972); Atlantic cod

(Gadus morhua, Chapman and Hawkins 1973); soldierfish (Myripristus kuntee, Coombs and
Popper 1979); hardhead catfish (Arius felis, Popper and Tavolga 1981)

Construction

* Levels are above the behavioral sensitivity

* Fishes will ‘hear’ the construction noise @
500 m.

* Peak levels are well below mortality &
injury
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Peak levels are well below mortality &
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Conclusions

Construction

Pile driving caused high
sound and particle velocity
levels.

Peak pressure levels were
measured at 188 underwater
dB at a range of 500 meters.

Zone of influence was
azimuthally dependent due
to the pile driving angle and
3D bathymetry.

Operation

Operational noise levels are
barely detectable at a range
of 50 meters.

We don’t expect any effects
on marine life from
operational noise.
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* BACKUP SLIDES
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For more information

* Go to the Discovery of Sound in the Sea web site:

dosits.org
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Marine vs. Land Mammal Hearing Thresholds
(Fay, Richardson et al, Kastelein et al, Nachtigall et al, Nadol et al, Klang et al, Heffner and Heffner)
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http://www.nmfs.noaa.gov/pr/acoustics/Acoustic%20Guidance%20Files/opr-55_acoustic_guidance_tech_memo.pdf 19
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Hearing Group Peak
Baleen Whales 219 underwater dB
Dolphins 230 underwater dB

Porpoises 202 underwater aB

Note: These single impulse levels are unweighted. The weighting functions
are applied to the cumulative levels not shown here. Guidance is to use the
the more conservative levels.

http://www.nmfs.noaa.gov/pr/acoustics/Acoustic%20Guidance%20Files/opr-55_acoustic_guidance_tech_memo.pdf
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Type of fish Recoverable Injury Masking/behavior

No swim bladder >213 dB peak

>219 dB SEL_,,,,
With swim 207 dB peak
bladder but not
involved in >210dB SEL_,,,,
hearing
Pressure 207 dB peak
detection

>207 dB SEL,,,

>213 dB peak

>216 dB SEL_,,,

207 dB peak

>203 dB SEL,,,,

207 dB peak

>203 dB SEL,,.

>>186 dB
SEL.,m

>>186 dB
SEL.ym

>>186 dB
SEL.,m,

N — near the source; F — far from the source; | — intermediate distance

High (N)
Moderate ()
Low (F)

High (N)
Moderate (1)
Low (F)

High (N)
Moderate (l)
Low (F)

Arthur N. Popper - Anthony D. Hawkins - Richard R. Fay

David A. Mann - Soraya Bartol - Thomas J. Carlson

Sheryl Coombs - William T. Ellison

Michele B. Halvorsen - Svein Lokkeborg - Peter H. Rogers
Brandon L. Southall - David G. Zeddies - William N. Tavolga

Ji I

ASAS3/5C1.4TR-2014
Sound Exposure Guidelines

for Fishes and Sea Turtles:
ATechnical Report prepared by
ANSI-Accredited Standards Committee

- 53/5C1 and registered with ANSI




