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be associated with the installation, operation,
maintenance and decommissioning of these devices.
It is well understood that marine engineering operations
emit noise which can disturb marine life, especially
during inshore/offshore drillings operations [3, 4].
Noise associated with offshore gas drilling from vessels
and caisson islands have been well studied however
shallow water drilling operations from the type of
platforms that will be installing wave and tidal devices
in coastal waters are less understood [5]. The noise
signature of devices will depend on a number of factors
including, but not limited to, mechanical & structural
design, tidal conditions, deployment site bathymetry
and the nature of the engineering activity. This paper
considers underwater noise associated with small-scale
marine engineering activities with a view to
understanding the experimental techniques and analysis
procedures that will be required to characterise the
types of anthropogenic noise associated with larger
scale operations.

Abstract

This investigation studies the effects of noise from
near-shore marine drilling activity taken from
hydrophone readings in the water column. Findings
suggest that peak noise levels were emitted by hardrock rotary drilling in the low frequency range,
close to the source. Closer inspection of the
geomorphology of the drill site revealed the
limestone rock substrata to be covered by an
insulating layer of up to 20m of silty-sand. Noise
from drilling associated activity surpassed the
literature supported 90 dB limit for all measured
distances. Species most affected by increased decibel
levels in the mid to low frequency range would be
pelagic fish, though all marine animals in the area
would have been affected. Noise levels were
described across all frequency levels between 1 and
20,000Hz and in individual 1/3 octave ranges.
Amplitudes were calculated from peak-to-zero and
root mean squared values. Sound propagation in
tidal flows up to 1ms-1 was also studied. Activities,
techniques and methods presented are comparable
to those which would be used to study a marine
energy device installation, in particular noise effects
associated with drilling.

2.

2.1 Survey Area
The underwater noise measured was associated with
taking core samples in soft sediment and bed rock at
Mumbles Head, Swansea Bay, Wales, UK at position
51o34’12’’N, 3o58’31’’W. The Mumbles Headland is
situated to the south west of Swansea Bay (refer Figure
1).
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1.

Experimental Techniques

Introduction

A number of pre-commercial marine energy devices
are now undergoing long term performance and
environmental evaluation. Leases for wave and tidal
stream devices have been granted in the Pentland Firth,
off the north coast of Scotland and Wales has recently
announced that it has the potential to produce almost
20TWhrs per year from the marine environment [1]. A
recent consultation of marine energy stakeholders in
Wales [2] confirmed that a major environmental
concern was the levels of underwater noise that would
Figure 1: Location of survey area, Mumbles Head, Swansea
Bay Wales, UK
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Swansea Bay is characterised by a tidal range in excess
of 10m during spring tides, exposing extensive sand
and mud flats at low tide. The current regime is
unusual, in that water follows in an anticlockwise gyre,
flowing in the same direction throughout the tidal cycle
[6]. Out into the Bristol Channel currents may reach
3m/s, but remain below 1m/s in the sheltered waters of
the Bay. Swansea Bay and the Bristol Channel are
species-rich, biologically-diverse areas and because of
this the Bristol Channel area as a whole has been
awarded special recognition and protection as a site of
special scientific interest (SSSI), as such any
construction work and processes contributing to it
should be monitored and kept to a minimum.

below the sea surface. The weather throughout the
sampling period was calm with light variable winds.
2.4 Noise Analysis
Readings of Frequency (Hz) and Amplitude (dB re
1µPa) were taken continuously every 6 milliseconds for
a range of frequency spectra. The Sound Pressure Level
(SPL) was obtained by averaging on 300 values using a
moving average to yield the effective sound pressure
relative to 1Pa. The sound pressure levels were
expressed as either root mean squared (dB re 1PaRMS),
the maximum zero to peak hold (dB re 1Pa0-peak hold) or
the average of the zero to peak values (dB re 1Pa0-peak
average), depending on which acoustic feature is being
considered. The Total Power Level (TPL) was
calculated by using the RMS value for the
entire/specified frequency band, from 1.2 to 22,000 Hz.
When comparing anthropogenic noise to background
noise it is important to state how the noise level was
calculated.

2.2 Marine Engineering Activities
The study took place over a two week period with the
intent of monitoring levels of noise from near-shore
core sediment sampling. The jack-up barge Mowjack
was used to take soft sediment and hard rock core
samples. The jack-up barge was a Carillion Marine C5,
23m long and 23m wide. Using four hydraulically
operated steel legs, the barge was capable of supporting
itself on suitable sediment in water up to 24m deep
(refer Figure 2).

3.

Characterising Background Noise

3.1 Tidal Conditions
Background noise is defined as the sound that is
measured in the environment not originating from the
sensor, or from an identifiable localised source [3]. The
background noise will be site specific and will be
affected by sea-state, bathymetry, tidal flows, existing
anthropogenic noise and marine wildlife. In order to
determine the extent of marine engineering noise, the
background noise must first be characterised.
Background noise is usually measured in terms of root
mean squared values of SPL. Short term anthropogenic
sources of noise such as piling or underwater
explosions are usually measured in terms of zero-topeak hold values. Care must be taken when comparing
man-made noise values against existing background
noise that the same methods for calculating the SPL are
used. As an example, the effect of tidal condition on
background acoustic data was analysed across all
frequencies to yield TPLRMS in dB re 1PaRMS. The
data in Figure 3 was taken on the same day with the
same weather and sea-state. The standard deviation in
the data is also presented.

Figure 2: Jack-up barge “Mowjack” undertaking core
sampling off Mumbles Head, Swansea Bay

The barge was not self propelled, requiring a 1000
horse power notch-tug (Alec.D) to move it to each
borehole location. Soft sediment samples were taken
with a percussion-operated corer whilst hard rock
samples were taken with a 20cm diameter rotary corer.
Sediment varied throughout the site from soft muds to
coarse sand with shell fragments. The rock substrata
consisted of sedimentary mud rock or shale.
2.3 Noise Measurement
Underwater noise was recorded with a C54XRS
hydrophone from a nearby slipway, from the Swansea
University Research Vessel RV Noctiluca and from the
jack-up barge itself. The 2 minute recordings were
analysed with SpectraPRO software. The distance from
the noise source was varied from 7.5 to 179 metres and
in all cases the hydrophone was positioned 2 metres

Figure 3: Decrease in Background Noise (in terms of Total
Power LevelRMS for 1.2Hz to 22,000Hz) approaching low tide
in Swansea Bay
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The decrease in noise level with tide in Figure 3 is
attributed to a decrease in tidal flow from 0.7m/s during
mid tide (approximately 3 hrs after slack tide) down to
0.3m/s at low water. Figure 3 does not indicate
however which particular frequencies are affected by
tidal conditions.
Figure 4 shows the distribution and amplitude
(measured as RMS values) of frequencies from 1 to
20,000Hz in 1/3 octave bands at the site taken from
every background noise data set collected over the
entire two week surveying period. Ten data sets are
included in this analysis. The standard deviation of
SPLRMS has also been included.

passed in close proximity to the hydrophone (within
200 metres). Figure 6 shows typical sound signatures
measured for three types of vessel in zero to peak
average
terms and compares these to the
background data from Figure 4: (i) a twin-engined
10m rigid inflatable boat (RIB), (ii) a 12.5m twin
hulled research vessel with two 140kW/3800 rpm
marine diesel engines with marine gears and fixed
pitch four-bladed propellers and (iii) a 1000hp
(~750kW) notch tug, used to manoeuvre the jackup
barge.

Figure 6: SPL0-peak average associated with local marine traffic
Figure 4: The variation of Sound Pressure Level (root mean
squared) in 1/3 octaves over the entire surveying period.

The frequency responses in Figure 6 are slightly
different, particularly for the research vessel which
demonstrates peak sound pressure levels of almost
100dB re 1Pa0-peak average at low frequencies and
significantly lower SPL response between 10 and
50Hz. The research vessel readings were taken on
board the vessel itself. The SPL spikes exhibited by the
research vessel at 50, 100, 200, 300, 600 and 1000Hz
are thought to be caused by interference with the
hydrophone and electrical systems, sonar equipment
and associated harmonics. At higher frequencies above
10kHz the frequency response of the vessels was very
similar. This local boat activity noise can propagate
over large distances and is a constituent of background
noise.

The highest background SPL of around 85-90 dB re
1PaRMS were observed in the low frequency range
around 10Hz. Above approximately 100Hz noise levels
were in the range 70-75 dB re 1PaRMS. The TPLRMS
variation with tidal conditions in Figure 3 has been is
re-expressed as 1/3octave band SPLRMS in Figure 5.
The extent to which the low frequency response
reduces as the tide ebbs towards low tide now becomes
evident.

4.
Characterising Marine Engineering
Noise
Noise levels can be analysed and presented in a number
of ways to characterise background noise and that
associated with marine engineering works. There is no
common agreed methodology. Irrespective of the
methodology adopted, it can be misleading to quote
simply a dB reading without supplying information as
to how it was calculated. In this case background noise
levels were converted to zero to peak hold values and
then compared to the marine engineering noise.
Two distinct types of core samples were taken during
the acoustic surveying period-soft sediment and hard
rock. Of these, soft sediment drilling is the least
significant in terms of how long it lasts; soft sediments

Figure 5: The variation of SPLRMS background noise levels in
1/3 octaves with time after high tide in Swansea Bay

3.2 Local shipping noise
Comparison of background noise with boat activity
may be achieved by comparing average values of the
zero to peak amplitudes. During the survey period
various small vessels were operating in the area and
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are more easily removed by the percussion drill and
flushing system. Hard-rock material requires the use of
a rotary drill, taking significantly longer to reach a
comparable depth. Figures 7 and 8 consider the SPL0peak hold response during the soft sediment and hard rock
core sampling operations respectively and compare
those to the SPL0-peak hold of the background noise from
1 to 20,000Hz. Acoustic sampling was conducted from
7.5 to 179m from the source.

re 1Pa0-peak hold up to 179m from the source of the
sound. It is difficult to observe a trend in the sound
levels with distance as the results are subject to scatter
which could be attributed to the observed variation in
sediment depth between bore holes (9-23m deep) and
sediment composition (varying between soft sandy
muds to coarse sand with shell fragments).
Decibel levels remain high, above 90 dB re 1Pa0-peak
hold, across the entire frequency range at 7.5 m from
source, covering many different species’ hearing range.
Following the classification of [4], tertiary effects, such
as avoidance behaviour would therefore be expected in
all marine animals.
The sample area was in shallow water. Sound travelling
away from the source is therefore subject to cylindrical
spreading rather than spherical spreading experienced
in the deep open ocean, which has no sea bed, surface
or other obstacles to interfere with sound propagation.
This results in sound travelling at a greater speed and
intensity than would be experienced in deeper waters,
affecting a larger area.

5. Discussion and Conclusions
Figure 7: Decrease in noise amplitude (measured as SPL0-peak
soft sediment coring with increasing distance from the
source

It is possible to express underwater noise in a variety of
forms depending on what the data is to be used for.
Background noise is usually expressed in SPL terms in
1/3 octave intervals calculated as an RMS value of the
individual frequency range and measured in dB re 1Pa
however short term anthropogenic activities are
normally expressed in zero to peak terms either as peak
hold values or average values. Whilst studying the
effect of noise on marine mammals and fish hearing
threshold audiograms Nedwell et al require RMS
values of noise [7]. This paper highlights the
importance of stating the methodology for calculating
sound pressure levels.
Figure 9 demonstrates the variation in background
depending on the methodology adopted to present it.

hold) for

Figure 8: Decrease in noise amplitude (measured as SPL0-peak
hold) for hard rock drilling with increasing distance from the
source

Average emissions of noise from soft sediment coring
and hard rock drilling are above the 90 dB threshold
across a large range of the frequency spectrum. The
soft sediment layer in Swansea Bay is particularly deep
in places because both the rivers Tawe and Neath drain
into the Bay, compounded by the anticlockwise gyre
which hampers mixing with water offshore [6].
Because soft sediments lay on top of hard rock, higher
frequencies in particular are attenuated more readily by
the soft sediment layer during hard rock drilling. The
larger frequency range of soft sediment drilling may
also be attributable to the coring process itself. Soft
sediments were evacuated using a percussion drill,
changing to a rotating drill once the rock layer was
reached.
SPL0-peak hold for both processes decreased with distance
from the source from 107 dB re 1Pa0-peak hold to 95 dB

Figure 9: Background noise levels (dB re 1Pa) expressed as
root mean squared, zero to peak average and zero to peak
hold.

Depending on how the noise data is calculated, Figure
9 demonstrates that there could be up to a 10dB re
1Pa variation in noise levels for the same data set.
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Background noise levels are dominant in the low
frequency range between 5 and 30Hz, peaking at
around 90-95 dB re 1μPa0-peak average. Activity noise
levels are also dominant at this frequency range; the
loudest recorded levels were emitted during hard-rock
drilling, peaking at 107 dB re 1μPa0-peak, 7.5 m from the
source. Pelagic fish caught in this volume of water may
have experienced barotraumas to the swim bladder,
reducing the fish’s ability to survive in the environment
[REF]. Marine mammals would avoid the area,
experiencing interference and damage to the auditory
system. Further, mid frequency noise is of greater
consequence to marine animals; hearing ability is most
sensitive in this range for the majority of animals. As
such, this finding is perhaps the most significant. It is
evident that noise is attenuated by sea water and
overlying sediment as it propagates from the source.
Drilling through rock for example, emitted lower
decibel levels than was expected, this was because the
thick layer of overlying soft sediment attenuated much
of the noise, particularly at higher frequencies.
Propagation of the drilling noise will also be affected
by tidal flows. This is particularly important when
considering sites more likely to host tidal stream
devices and will be considered by the authors in future
publications.
The coring and drilling processes were operating under
an environmental code of conduct and as such, the
drilling process was halted pending the hatching and
development of kittiwake chicks nesting on the pier and
lifeboat station. Swansea Bay is a well known
spawning area for fish; regular observations of sprats
were made in water near the lifeboat station and pier,
structures which were within the noise affected area.
Other wildlife in the vicinity include mackerel, herring,
shark, ray, plaice, dab, lemon sole, whiting, bass,
conger eel, gurnard, otters, cod and cetaceans including
harbour porpoises [8-10].
The harbour porpoise produces sound at and close to
two frequencies, one low at 2 kHz and the other very
high at over 110 kHz. Noise produced by bottle noise
dolphins is typically lower in frequency ranging
between 250 Hz to 150 kHz. For both groups, higher
frequencies are used for echolocation and lower
frequencies are associated with communication,
travelling further distances. Many cetaceans use
echolocation to detect and characterise objects in the
marine environment, ranging from hunting purposes in
dolphins to following migration routes in large whales.
This highly adapted sense is extremely useful as
visibility is often poor in the ocean [11].
Although the site for this study would not be suitable
for tidal stream device deployment there are similarities
in the analytical techniques that were adopted. The
background noise levels measured will be lower in this
study compared to a fast flowing tidal stream site
however it will also depend on the noise contribution
from local boat traffic.
The nature of the sound propagation may be different
in this case to deeper water sites. Although it was not
confirmed in this work, it would be expected that

cylindrical spreading (bouncing off and travelling along
the sea bed and surface) operates in these shallow
waters which may not be the case for deeper water
sites.
The engineering activities and equipment used are
similar to those used in marine energy installations.
The notch-tug and jack-up barge are very similar to
those used for the installation of off-shore mono-piles,
if not a little undersized. Likewise, the assessment of
noise emitted from drilling is similar but, substantially
underestimated due to the relatively small diameter
(20cm) of the core sample, compared to 3m wide piles
typically used for wind turbines. Further, mono-piles
are often driven into the seabed rather than placed into
a hole which has been drilled. A review by Matuscheck
and Betke found the relationship between pile diameter
and peak noise emitted 500 m from the source has been
shown to be linear [12]; as the pile size increases so
does the peak decibel level. Peak decibel levels are all
in the low frequency range which is comparable to the
findings of this investigation.
This study and further studies into the effects of noise
from the installation of marine energy devices will help
in the future development of the industry; setting
targets for noise emissions, species specific effects of
noise, activity-specific noise emissions, establishing
zones of safe distance and implementation of suitable
mitigation techniques.
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