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SUMMARY

This memo describes the first worked-out thoughts for the design of an experimental
set-up to study the effect of piling noise on the survival of fish larvae. Several options
for generating representative signals in a laboratory environment are evaluated. It is
concluded that the most promising option is to develop an exposure chamber, driven
by an underwater loudspeaker.

Introduction

This is the first memorandum in the preparation of pilot ex periments for determining
the effect of underwater noise due to pile driving on the survival of fish larvae. It
addresses the definition of the acoustic signals that the larvae will be exposed (o in an
experimental set-up and discusses how representative of pile driving noise these
signals can be made in an experimental set-up. This memo addresses several issues
that were originally planned for the second memorandum, because of the strong
connection between the definition of the acoustic signals and the design of the
experimental set-up.

Background

A tentative conclusion of the study towards an appropriate assessment for the
environmental impact of the offshore wind farms by Prins et al [1] was that pile
driving may have a significant impact on the number of fish (plaice, sole and herring)
larvae reaching Natura 2000 sites Noordzeekustzone and Waddenzee. Model
calculations of the transport of eggs and larvae under influence of the impact of pile
driving noise. assuming that mortality occurs up to 1000 m from a pile driving site,
indicate that the number of fish reaching the Natura 2000 sites may decrease by 3 to
9% . The assumed mortality radius is not based on evidence. Actually, there is a large
uncertainty about the vulnerability of fish eggs and larvae to piling noise (impulsive
sound) and the spatial scale at which mortality or injury will occur [2].
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To mitigate this important gap in the knowledge, a pilot study is proposed in the

framework of the “Masterplan short list” studies for the NL Ministry of Transport, Our reference
Public Works and Water affairs. Further studies in this field were proposed in a ZKO BEI0E MIEM 2010 Hens
project. The pilot studies are proposed to accelerate the knowledge development, to Page

2

meet the time line driven by the offshore wind plans. £

3 Objective
The objective of the proposed pilot study is to determine whether levels of underwater
noise from piling activities can result in immediate mortality or injury to fish larvae
(i.e. to lethal or sub-lethal effects). The piling noise should be representative at
distances from 100 m to 2 km from the piling installation in an offshore environment.

4  Characterizing underwater noise due to pile driving
Piling noise in connection with the impact on marine life is usually quantified in terms
of Sound Exposure Level (SEL in dB re 1 pPazs: per strike and/or cumulative) and
peak sound pressure (value in uPa or level in dB re | uPag). Other possible measures
(particle velocity, impulse, rise time, peak to peak sound pressure, kurtosis, etc.) are
sometimes suggested, but the associated dose-response relations are even less clear
than for SEL and peak pressure. Hence, other measures are not primarily considered,
because the author is not aware of any references in which these are clearly related to
effects.

Peak sound pressure is here defined as the maximum absolute value of the unweighted
instantaneous sound pressure in the measurement bandwidth. Peak sound pressure
level is ten times the logarithm to the base 10 of the ratio of the square of the peak
sound pressure to the square of the reference sound pressure of 1 pPa.

Sound Exposure is defined as the time integral of the time-varying square of the
unweighted instantaneous sound pressure in the measurement bandwidth over the
duration of a single piling impact. Cumulative Sound Exposure is the sound exposure
summed over multiple piling impacts. Sound Exposure Level (SEL) is ten times the
logarithm to the base 10 of the ratio of the sound exposure to the reference sound
exposure of 1 LLPRQS.

In 2008, the US Caltrans Fisheries Hydro-acoustic Working Group has issued an
Agreement in Principal for Interim Criteria for Injury to Fish from Pile Driving
Activities [3]. The agreed criteria identify maximum received peak sound pressure
levels of 206 dB re 1 1Pa” and 187 dB re | pPa’s accumulated SEL for all listed fish
except those that weigh less than 2 g, for which the threshold for the accumulated SEL
is I83 dB re 1 uPaEs. No frequency weighting is mentioned in relation with dose-
response relationships for fish.

5 Available information of underwater noise due to pile driving
TNO has measured the underwater noise during the piling for the Q7 offshore wind
farm [4,5]. At a distance of 1 km from the hammering of a 4 m diameter pile in about
20 m water depth with a sand bottom, the broadband SEL per stroke was about 172 dB
re | uPazs and the zero-to-peak pressure level (*peak level” ) about 195 dB re | pPaz.
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The dominant noise occurred at frequencies between circa 50 Hz and 1 kHz. In UK

measurements [6] at a distance of 57 m from a 2 m diameter pile the observed SEL Our reference

was 178 dB re 1 uPazs and the peak level 208 dB re | LLP:IQ. Both measurements were MON-MEM-2010:02243
carried out for piling with the same hydraulic hammer at approximately the same Page

stroke energy. The sediment into which the pile was driven was ditferent (Q7: sand: 3

UK: chalk), as was the water depth (Q7: 20-23 m, UK: 10-15 m). Scaling of sound
levels with pile diameter, stroke energy, water depth, sediment properties, elc. is
currently unknown. This will be investigated under another Masterplan WIND short
list study. However, a comparison was made between various measurements of pile
driving noise in [7]. Table 4.2 (from the Errata with [7]) provides an overview of the
measurement data, with a scaling to a distance of 500 m from the piling location. At a
distance of 500 m, scaled values of SEL vary between 155 and 178 dB re | pPﬂEs and
peak levels vary between 180 and 200 dB re | L;Paz. Using the same scaling to
estimate the levels at 100 m distance would lead to values that are about 10 dB
(=151ogp(500/100)) higher, i.e. SELs between 165 and 188 dB re | uPazs and peak
levels between 190 and 210 dB re 1 uPaz.

In a large survey of underwater noise due to pile driving in shallow water [3] levels
were scaled to 10 m from the pile. Impact driving on steel piles (of diameter larger
than 1 m) in these studies (Table 1.2-1) led to SEL values between 180 and 195 dB re
| wPa’s and peak levels between 208 and 220 dB re 1 pPa”. Scaling these to 100 m
distance, assuming a worst case scenario with a cylindrical spreading loss (10logR-
scaling) leads to estimated SELs between 170 and 185 dB re 1 pPaES and peak levels
between 198 and 210 dB re | pPaQ. These are close to the estimations based on the
North Sea piling noise measurements.

For piling noise impulses, the difference between the numerical values of the peak
pressure level and SEL is in the order of 20 to 25 dB. where the higher differences
(shorter pulses) occur at positions closer to the pile. Each simulated pile driving signal
should exhibit a similar level difference to be representative. The difference of peak
pressure level and SEL has the dimension of dB re | s Itis related to signal duration.
The larger this difference, the shorter the signal, hence it is a measure of the
‘impulsiveness’ of the signals.

Particle velocity

Measurement data of particle velocity due to pile driving is very scarce. Some data can
be found in [8]. This concerns impact driving of 76 cm diameter, 2.4 m long steel piles
in a water depth of 10 m. At 10 m distance (and 5 m depth) the average peak pressure
level was found to be 204 dB re 1 Llpﬂz and the SEL' 178 dB re | pPazs. The measured
peak velocity level was 141 dB re | (nnv/s)” and the 90% RMS velocity level was 129
dB re 1 (nm/s)>. At larger distances, the acoustic particle velocity and acoustic
pressure levels are approximately related through the characteristic impedance of the
medium, i.e. the velocity level in dB re | (nm/s;)2 equals the pressure level in dB re 1

LLPaz minus 20]0gm{pr- (1 05/109 ]}: 64 dB. This includes a correction for the factor

that accounts for the different reference units.

! This SEL is derived from the 90% RMS SPL plus 10log,( Ty signal duration), both
provided in the report. The SEL value given in the report seems to be 6 dB too high.
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