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However, the deployment of motion structures in the
marine environment might affect flora and fauna. The
potential interaction between a wave energy device
(WED) or a tidal stream device (TSD) and its
surrounding environment must be investigated before
progressing to industrial scale.
Economic and social impact, marine life aggregation
or migration, collision risk, underwater noise emission
and electromagnetic fields (EMF) constitute some of
the impacts that may result after the deployment of a
marine energy convertor (MEC).
Between 1960 and 1990, the marine trade
intensification has led to an underwater background
noise increase of 10 dB re1Parms [1]. Offshore Marine
renewable energy devices are likely to contribute to this
acoustic increase in UK waters.
In fact, MEC deployment schemes may affect
marine life at various stages of a project development,
such as installation, operation, maintenance and
decommission and it may impact marine life using the
surrounding environment to live, feed and mate [2].
However, when monitoring the underwater noise
that comes from a MEC, one must consider the original
underwater background noise of proposed site. This
background can vary with the current speed and its
direction, the tide, the season and the semi-diurnal
range.

Abstract
Tidal streams provide a sustainable, green and
predictable energy resource. However, devices
designed to extract this energy have the potential to
impact upon the natural environment through a
variety of interactions. One of these interactions
concerns underwater noise. The potential for
environmental impact due to device related noise
has not been fully understood.
Before assessing device related noise disturbance
on marine life, it is essential to analyse the
mechanics of ambient noise at the high energy sites
where devices are likely to be deployed.
This paper focuses on a high energy flow channel
subject to tidal streams of up to 4 m.s-1. Using the
"drifting methodology", underwater background
noise has been monitored through tidal cycles of
different seasons and tides. Analysis shows that this
site is subject to biologic, physical and
anthropogenic noise sources that contribute
differently, and for some periodically, to the overall
ambient
noise.
A
distinct
increase
of
30 dB re1Parms above 8 kHz during spring tide
has also been observed and is investigated.
The paper shows the relationship between
current velocities, the tidal height and the
background noise at different times of the year. This
will be useful when evaluating the impact of noise
on marine life.

2. Site Specification
Ramsey Sound is an open channel situated on the
West coast of Pembrokeshire in Wales, UK as
displayed on Fig. 1. Ramsey Sound is 2.5 km long by
1 km wide and the bathymetry varies between 25 m and
75 m LAT.
This channel is subject to high tidal current flow
reaching up to 4 m.s-1 during spring tide [3]. The north
flowing (flood) tide changes to south flowing (ebb) tide
between 2.5 and 4 hours after high water (HW) at
Milford Haven.
The change from ebb to flood occurs between 8.75
to 9.5 hours after high water at Milford Haven. This
means that the high tidal current at Ramsey Sound
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1. Introduction
Recovering energy from wave and tidal current
provides an opportunity to address the European
economic crisis by creating jobs, controlling the costs,
and supplying energy.
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occurs between 0 and 2 hours after high and low water.
Consequently, a great deal of turbulence, upwelling and
whirlpools occur in Ramsey Sound adding complexity
to surveys undertaken in the channel.
Buoys +
bungee rope
Hydrophone

Torpedo weight

Figure 2: Diagram of underwater noise configuration.

The boat was positioned upstream of the channel.
The hydrophone was then deployed off a Rigid
Inflatable Boat (RIB) at a depth of 10/15 m The
measurements were recorded with the engine off in
order to let the boat drift with the current and reduce
cable strum and flow noise [8]. At the end of each drift,
the equipment was retrieved and the boat driven back
to the starting position. Underwater background noise
recordings were carried out throughout the tide cycle.
An example of one day (11 hours) of drifts is mapped
on Fig.3.

Figure 1: Ramsey Sound map, Google.

Ramsey Sound is also a highly sensitive area
designated as a Marine Special Area of Conservation
(Marine SAC), a Site of Specific Scientific Interest
(SSSI), a Specific Protection Area (SPA) and a
National Nature Reserve. Ramsey channel hosts a
variety of marine species, including grey seals and
harbour porpoise. Grey seals are present all year with
an increase during the pupping season from August to
December [4]. Harbour porpoise are also present all
year round, although there is some seasonal and annual
variation in their numbers. Their occurrence through
the channel is mainly related to the tidal cycle [5].
In spring 2013, the Welsh company Tidal Energy
Limited (TEL) will deploy its 1.2 MW test device in
Ramsey Sound for a period of one year [6]. This will
allow Swansea University to monitor noise emission
from the underwater turbines and to assess whether
there is an impact on marine mammals.

Figure 3: Drifts carried out during the 11/05/2011 (flood
and ebb)

2.2 Data Acquisition
From 2009 to 2012, 4 sets of measurements have
been carried out. All measurements were executed
during a sunny weather and at 0 Beaufort scale (wind
speed <0.5 m.s-1) and through the tide cycle. Table 1
summarises the recording date, maximum tide height,
total recording length and number of tracks carried out
for each trip.

2. Underwater noise measurement
2.1 Equipment and methodology
Underwater background noise recordings were taken
with a C54XRS hydrophone able to measure the sound
from 6 Hz to 22 kHz. The configuration used is
displayed on Fig. 2. The hydrophone was fixed to a
weighted rope. The rope was also "hairy" to break
vortex shedding, creating parasite noise. The swell was
reduced thanks to a bungee rope to the floating and
immersed buoy.
The recording in this environment have been
possible using the "drifting methodology" as described
by Willis et al. [7].

Date
11/05/2011
Spring
18/05/2011
Spring
13/01/2012
Winter
29/05/2012
Spring

Tide height
(m) [9]
5.5
Neap
7.1
Spring
7.1
Spring
5.5
Neap

Recording
length (hrs)
7.0

Number of
track/drift
24

7.2

29

4.3

17

5.2

19

Table 1: Summary of the measurement taken at Ramsey
Sound
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All the recordings were recorded in 16 bit and
48 kHz sampling rate and were logged in WAVE
format.

obtained by grouping and averaging each hour
before/after HW.
Graph (a) and (b) of Fig. 4 represent background
noise spectrogram at spring tide from HW to HW+7 hrs
and HW-6 hrs to HW+5 hrs respectively. In winter,
the survey time range has been limited by the daylight.
Graph (c) and (d) of Fig. 4represents background
noise spectrogram during neap tide from HW-5 to
HW+4 and HW-5 to HW+5 respectively.
From Fig. 4, it appears that the overall background
noise ranges between 80 and 130 dBre1Parms. From
the side view displayed on Fig.6, the four graphs (a),
(b), (c) and (d) have the same overall concave shape.
Underwater background noise in Ramsey Sound
dominates below 100 Hz reaching between 95 and
130 dB re1Parms. The origin of this noise is likely to
be a combination of different sounds such as boat
traffic (engine, clapping noise, breaking wave and hull
vibration), turbulence in the channel, breaking wave on
the shore and other physical or biological underwater
sounds.
Working in a high tidal current environment, the
hydrophone might be subject to parasite noises such
clapping boat noise, swell and flow noise which can
mask the background noise below few hundred Hertz
[11]. However, all the recordings have been listened to,
analysed and filtered in order to minimise this
unwanted noise.

2.3 Post Processing
Sound Pressure Level (SPL) represent the noise level
is express on a decibel scale by the following
expression:

P represents the measured pressure and Pref is the
reference pressure equal to 10-6 Pa in water.
Underwater noise can be expressed as 0 to peak,
peak to peak or Root Mean Square (rms). Underwater
background noise consists of a continuous and steady
sound and is thus expressed in "rms" [10] in this paper.
Each spectral analysis curve are displayed in 1/3 rd
Octave (dB re 1Parms/1/3rd Octave). The 1/3rd Octave is
chosen to obtain smoother curve and matched with
marine mammal’s mechanisms [2].
Using the Hanning windows, the post processing
performed with a Fast Fourier Transform of 524288
points.

3. Results
Fig. 4 highlights underwater background noise
spectrum as a function of time referring HW at
different tides and seasons. These graphs have been
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Figure 4: 3D spectrogram - Background noise spectrum as a function of time referring to HW in 1/3rd Octave band

Between 100 Hz and 2 kHz, the SPL for each season
observe a minima ranging between 82 and 105 dB
re1Parms, depending on the season and tidal range.

From 2 kHz to 20kHz, the SPL level increases with
increasing frequency and reaches up to 120 dB
re1Parms.
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range 0 to 4 hours after HW, the 20 kHz 1/3rd Oct band
is subject to 16 and 19 dB variation during spring tide
and between 11 and 14 dB during neap tide. This
highlights the importance of sediment and cobbles
motion noise in the overall background noise in
Ramsey Sound.

3.1 Influence of tidal range (Neap and spring
tide)
The influence of tidal range can be discussed by
comparing the graphs (a) and (b) representing spring
tide to (b) and (c) representing neap tide.
Referring to Fig. 4, neap and spring graphs have the
same overall concave shape, with high pressure
concentrated below 100 Hz and above 2 kHz.
Referring to Fig 4, SPL from 2 kHz shows larger
variation at spring tide than neap tide. On the time

3.2 SPL variations through the tidal cycle
Fig 4 and 5 show SPL variations as a function of
time referring to HW.
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Figure 5: Top view (X,Y) of Fig 4

From Fig. 5, it can be noted that the SPL increases
around 0-2 hours after high and low tide (HW-6, HW
and HW+6). As explained in Section 2, highest tidal
current occurs between 0 and 2 hours after HW and
LW and concur with the observations made on Fig. 5.

Below a few hundred Hertz, the SPL increase with
current speed which is the results of pressure
fluctuations surrounding the environment due to
currents speed increase through the channel.
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Above 2 kHz, the SPL increases with increasing
frequency. The four graphs on Fig. 4 describe a sine
shape from the 2 kHz to the 20kHz 1/3rd Octave band
with maximum occurring 2 hours after HW and LW.
The graph below shows the variation of the two 1/3 rd
Octave band 10 kHz and 20kHz as a function of time
From [12], it appears that sediment and cobbles
motion noise range between 1 Hz to 1 kHz, depending
on the diameter. After filtering, listening to and
analysing seabed videos from a Remotely Operated
Vehicle (ROV), it has been proved that the
sediment/cobbles motion noise was at the origin of the
SPL increase above 1 kHz during high current speeds.
As a result, sediment and cobbles motion noise have an
important impact on Ramsey Sound background noise.
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