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Introduction Data collection and analysis
Underwater sound is characterized Measurements of SPL and particle velocity were recorded | m
1. directional particle motion during experimental pile driving conducted in a former Prieer ]
2. scalar pressure waves shipbuilding dc?ck (dimensions: 92 m X.18 m, average water 6110240 | W27
| o | depth 2.5 m with 3.5 m of sea-bed sediment). A 200 kg
Theoretically these are related and it is possible to hammer (~1.6 kJ hammer energy) was used to strike a 7.5 m 6110230 - 1 W28
estimate the particle velocity through measurements long, 0.17 m diameter, steel pile that rested on the simulated - B,
However, this relationship assumes that sound | | | _ 6110210 1 2.,
. . Trials were performed with the pile located in both the deep
propagates as a plane wave; an assumption that is not . .
_ _ and shallow ends of the dock (Figure 1). Simultaneous 6110200~ 1M,
met in shelf seas or shallow water regions, where a .
¥ P tebrat < h . recordings of sound pressure level (SPL - dB re 1uPa) and
6110190 - .
wide range ot Tish and Invertebrale species have .een particle velocity were collected at 27 locations and at two |*2
shown to respond to both sound pressure and particle | depths (1 m and 1.8 m) (Figure 1). | N
velocity (e.g. Radford et al. 2012). | | | |
The recordings from each trial were analysed using PaPAM 61101701 ]
software (NedeIeC et al, 2016) to obtain: 505180 595190 595200 595210 595220 595230 595240 595250 595260 595270 2
= Ob t 1 . the average Single Strike ValueS fOI' bOth Figure 1: Map of the shipbuilding dock. Red triangle indicates the location of the pile in the
JeC IVES SPL (SPLSS) and partiCIe velocity shallow side of the dock and red star indicates the location of the pile in the deep side of the dock.
y ) ) ) Black points indicate the points of recording and the colours represent the depth of the water
ThlS WOrk COmpareS direCt measurements Of Sound 2 the average Slngle Strlke thlrd-OCtave band POWG[’ SpeCtral column. NB. the deep area without sediment (dark blue) was not used for sound recordings.
_ _ Density (PSD) for both SPL and particle velocity
pressure level (SPL) and particle velocity generated by |
: : . Note: The analysed PSD third-octave bands were: 100 Hz to 2500 Hz.
experimental pile driving.
Results
“&Deep
A total of 1214 pile driving strikes were analyzed (Figure 1), 140- e el i — | | | | | | | I
with: :
o o ‘ B0 60,0 .
> 467 strikes in the deep location, and; “ ' :
> 747 strikes in the shallow location g = ]
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| ; l I”f Prassiire SPLss (dB re 1uPa) istance from Pile
& 1 | Figure 3: Scatterplot and regression lines of SPLss and Figure 4: Relative differences between SPLss (blue points)and particle velocity (green points) during
. “ | . W particle velocity the two different pile driving locations pile driving and ambient conditions for different various distances from the pile driving source. e ';-'*.
‘. 0 ' w l'lﬂ
o + s n - % 35" T T N T T | [ T T Ej I T i 150
Figure 2: Spatial maps of SPL (A, C) and particle velocity (B, D) for both of the pile - ' : : Nt EL f'_'.f.._- il } : % e
dlrivl;ng Iocationfs (_black triangle indicates the_IC)Ig:ati\c/)n of the pile in the shallow side ThIS dlfference IS pOSSIny due tO the non “near e % 3 5 1l
and black star indicates the location of the pile in the deep side of the dock) relationship Of partiCIe VelOCity in the nearfield as 15— : % —
Figure 3 shows the SPL__ and particle velocity measurements ~ described by Nedelec et al (2016; Equation 1), which il T e— )
for all recording locations and for both pile driving locations. counteracts the attenuation of the low frequencies il B
Significant correlations between SPL__ and particle velocity due to shallow depth limitation. Further work is i P |
were found which were independent of the pile driving location ~ required to verify this. M Y S S—R—
(Pearson’s correlation: Shallow: p=0.818, p<0.001; Deep: L2 % T . [ . [ ] =<~ -
0=0.800, p<0.001). u=2|1+ (—) ] (Equation 1) .. 3 : .
p-c 21T 3 |
During pile driving, the average values for SPL__ and particle l /[ I P -
velocity show a similar trend with distance from pile (Figure 4). ~ VVhere: u = particle velocity (m/s), p = sound pressure I — e — 1
| | _ (Pa), p = water density (kg/m?), ¢ = sound speed l = l ;
However, sc?un.d pljessure and particle velocity showed different (m/s), r = distance from sound source (m) and E ~
frequency distributions. A = wavelength of sound (m). e = = | Bo
> For sound pressure, a shallow water cut-off frequency below I W aacgslin l
approximately 400 Hz was observed in the power spectrum
which was independent of the distance from the source. T |
> A similar reduction in intensity at low frequencies (ol Ine) and paicie velocty green ine) or several recoraing ° ) -
was not Observed fOr partide VelOCity (Figure 5) points during pile driving at the two pile driving locations.

Conclusions | References | | Institutions

> Few studies have analysed simultaneous > Estimates of particle velocity derived from I Filiciotto, F., et al (2016). Underwater noise from boats: ' HR Wallingford, Howbery Park, OX10 8BA,
Measurement of its influence on the behaviour and biochemistry | Wallingford, UK.

direct mgasurements of §ound pressure SPL meagurementg should be conS|d§red of the common prawn (Palaemon serratus, Pennant 1777). Department of Pure and Applied Sciences
and particle motion (Lugli 2007). as approximate estimates only, especially Journal of Experimental Marine Biology and Ecology, 478, 24-33. (DiSPeA), University of Urbino, Campus

nitial vsis found a sianificant close to the source and in shallow Lugli, M., & Fine, M. L. (2007). Stream ambient noise, spectrum Scientifico “Enrico Mattei”, 61029 Urbino,
nitial analysis found a significan water and/or confined environments. and propagation of sounds in the goby Padogobius martensii: Italy.

correlation between broadband SPL and Sound pressure and particle velocity). The Journal of the | National Research Council — Institute

particle velocity, but the correlation is poor > Further analysis of the results and Acoustical Society of America, 122, 2881-2892. for Coastal Marine Environment —
for lower frequencies (<4OOHZ). This is additional studies are required at Nedelec, S. L., et al. (2016). Particle motion: the missing link in Bioacousticslab Capo Granitola, Via

: oy - : : underwater acoustic ecology. Methods in Ecology and Evolution. 1’ del Mare, 6 — 91021 Torretta Granitola,
robably caused by the non-linearity in different locations to better understand ' -
P y y y Radford, C. A., et al. (2012). Pressure and particle motion Campobello di Mazara (TP), ltaly.

the re_latl_onShlp betV\{een SF_)L and particle this relationship b_etween gound detection thresholds in fish: a re-examination of salient auditory Biosciences, College of Life and
velocity in the near-field which counteracts pressure and particle motion. cues in teleosts. Journal of Experimental Biology, 215, Environmental Sciences, University of
the shallow water frequency cut-off. 3429-3435. Exeter, EX4 4QD, Exeter, UK.

e . L B L - . ! 3 Tl y

P l I|I
TP-038 R1




