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1 INTRODUCTION  

Underwater background noise consists of a mixture of physical and biological noise that are not 
directly of interest of the study. Physical noise includes for example surf, wind, turbulence, wave 
breaking, rain, sand motion, earthquakes and anthropogenic noise. Biological noise includes the 
calls of marine mammals, crustaceans, fish and all other marine life sounds. 
Since the Second World War, underwater background noise in deep water has been fully studied to 
the detriment of shallow water [1]. 
With the growing marine renewable industry, notably Tidal Stream Turbine (TST) project, 
underwater background noise mechanisms in shallow water (<200 m) is starting to be of interest. 
Underwater background noise in shallow water is noisier than deep sea areas due to the various 
sources of noise that contribute to the overall background noise, mainly wind, current and shipping 
noise. Noise sources are subjected to successive reflection, diffraction and transmission in the 
shallow water environment that act as sound in a tube. 
In addition, the current speed occurring at proposed TST sites makes underwater measurement 
difficult to carry out due to the fast current flow. 
 
Assessing underwater background noise of a proposed marine renewable energy site is crucial to 
assess the potential acoustic interactions between the turbine and a marine mammal. Depending 
on the level and frequency distribution of the background noise, a marine mammal at a specific 
distance from the turbine might detect or not the turbine noise and could even be disturb by the 
operating noise. 
Thus before assessing the turbine noise, it is thus essential to monitor underwater background 
noise of a proposed site at different tide (spring, neap), season, at different sea level during the ebb 
and the flood. 
This study is a part of a full study of the mechanisms of the background noise in Ramsey Sound 
and focuses on the variation of background noise during neap and spring tide. 
 
 

2 EXPERIMENT 

2.1 Site Specification 

In Spring 2011, the Low Carbon Research Institute (LCRI) Marine held a research program named 
Celtic Odyssey at Ramsey Sound. During two weeks the LCRI Marine executed a proof research. 
The investigation of underwater background noise has been carried at two occasions: neap and 
spring tide. 
Ramsey Sound is located in the south west of Wales (Figure 1). This open channel is 2.5 km long 
by 1 km wide. The bathymetry varies in depth between 25 and 70 m Lowest Astronomical Tide 
(LAT). Ramsey Sound is subject to high currents and the flow can reach up to 4 m.s

-1
 during spring 

tide [2]. The association between the tide and the current in Ramsey Sound is uncommon. It 
appears that strongest current occurs 2.5 hours after high or low water. 
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Figure 1: Ramsey Sound localisation 

 
Ramsey Sound is a sensitive area designated as a marine special area of conservation (Marine 
SAC), a Special Protection Area (SPA), a site of specific scientific interest (SSSI) and a national 
nature reserve. Ramsey Sound is a resident area of number of protected species such as harbour 
porpoise and grey seals. Grey seals are present in the area throughout the year and increase 
during the pupping season in October [3,4]. Harbour porpoise are present in Ramsey Sound all year 
round with some seasonal variation; their occurrence is related to the tidal cycle [5]. 
 
In 2012, the company Tidal Energy Ltd will test its DeltaStream tidal turbine in Ramsey Sound. This 
will allow Swansea University to monitor the underwater noise impact and to assess the potential for 
disturbance to the marine mammal population. 

 
2.2 Field measurements 

From Nedwell & Howell [6], underwater ambient noise or underwater background noise is defined 
as a mixture of natural, biological and anthropogenic sounds. Richardson et al. [7] define 
underwater background noise as the sound that is measured in the environment not originating from 
the sensor. 
 
During Celtic Odyssey, two sets of ambient noise measurements were taken. The first set occurred 
during neap tide on 11 of May 2011. The second set occurred during spring tide on 18 May 2011. 
During these two days, the weather was sunny with calm wind and sea conditions (Sea state 0-1). 
 
Ramsey Sound background noise has been recorded with a Cetacean Research Technology 
hydrophone recording sound on the frequency band 10 Hz-24 kHz. This preamplifier hydrophone 

has a sensitivity of -165 dB re 1V/Pa. The equipment includes 20 m of cable, a 20 Hz filter, a 
Dynamic Signal Acquisition Interface which allows the data to digitised and saved in a 16-bit WAVE 
format and at a 48 kHz sampling rate. 
 
The methodology used to monitor underwater noise has been intensely studied. A hydrophone at a 
static position in high current flow is subject to unwanted noise sources such as flow noise, swell 
noise, cable flutter [7]. In order to reduce and/or avoid these unwanted noises, the team has 
adopted the "drifting methodology" [8]. This methodology consists of positioning the 7 m RIB (Rigid 
Inflatable Boat) upstream at a specific location. Then, the cabled hydrophone, weighted with a 7 kg 
torpedo, is immersed at a depth of 10 m. The engine is then switched off so that the RIB is allowed 
to drift with the current. With this configuration, the hydrophone and the cable are less subject to 
vortex shedding noise and cable strum. At the end of each drifting track, the hydrophone is 
retrieved, the engine switched on and the RIB is driven back to the starting position. For each track, 

Ebb Flood 
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a handled GPS (Global Positioning System) was used to record the position of the hydrophone 
every 10 seconds. 
In total, 20 tracks have been recorded during neap tide (11 May 2011) and 27 recordings during 
Spring tide (18 May 2011) representing 14 hours of recordings in total. The recording time of each 
track ranges between 7 and 20 minutes. 
 

 Ebb Flood 

11/05/2011 (Neap) 6 14 

18/05/2011 (Spring) 16 11 

Table 1: Number of recorded tracks during the Celtic Odyssey program 

 
The Figure 2 below shows all the tracks carried out on 18 May 2011. The red lines represent the 
flood tide drifts (south to north) and the green lines represent the ebb tide drifts (north to south). 
 

 
Figure 2: 18 May 2011 - Map of drifting tracks during spring tide at Ramsey Sound, Wales 

(Source Google Earth & MapSource). 

2.3 Post-Processing Units 

The wave files were post-processed using SpectraPro software. This software allows study a signal 
in both the time and frequency domains simultaneously and in 1/3rd Octave band. This technique 
allows display of a smoother underwater background noise spectrum. In addition, for some marine 
animals, the effective filter bandwidth of the hearing system is approximately 1/3

rd
 Octave [7], [9]. 

 

The unit chosen is the dB re 1Parms.The Root Mean Square (RMS) pressure is defined as the 
square root of the mean of the square of the pressure. This unit is mostly used for continuous and 
constant noise spreading. The Power Spectral Density (PSD) has been processed with a 
524,288 FFT points. 
 

2.4 Drifting Speed in Ramsey Sound 

The methodology used to record underwater background noise consisted of drifting with the current 
for a better quality of recording (see section 2.2).  
 
Thus, for each track and each day, the average of the drifting speed was estimated and plotted on 
the graph below. The sea level at Ramsey Sound has also been plotted [10].The drifting average 
depends on the vector north-south which explains the negative values. 
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From Figures 3 and 4, the drifting speeds are higher during the spring tide (up to 7 knots) than the 
neap tide (up to 5 m.s

-1
). The difference between low and high water during spring tide is 4.5 m and 

2.3 m during neap tide. 
 

 
Figure 3: Sea Level at Ramsey Sound (Red) 
and average drifting speed of each drifting 

track - 11 May 2011 (Neap) 

 
Figure 4: Sea Level at Ramsey Sound (Red) 
and average drifting speed of each drifting 

track - 18 May 2011 (Spring) 

 
One unusual aspect of Ramsey Sound is the relationship between the current speed and the sea 
level. From Figures 3 and 4, it appears that the south-flowing tide (ebb tide) changes to a north-
flowing (flood tide) 3 to 3.5 hours after low water at Ramsey Sound. The change from the flood tide 
to the ebb tide occurs 3.5 to 4 hours after high water. 
 
It can be thought that the drifting speed might have been influenced by the wind speed. However, 
the area of the boat directly exposed to the wind was small and the wind speed was low (0-5 knots) 
during the measurements. The influence of the wind lift on the boat is considered as minor in 
comparison to the current occurring in Ramsey Sound (up to 3.6 knots). For this particular study, 
the drifting speed is directly linked with current speed in Ramsey Sound. 
 
 

3 RESULTS 

3.1 Total RMS level and drifting speed 

The Total Pressure Level (TPL) allows an overview of the underwater background noise fluctuations 
to be displayed. The TPL displays the total RMS pressure through the whole frequency range (10-
22,050 Hz). Figures 5 and 6 show the total RMS values for each hour after low or high tide. Kim et 
al [11] demonstrated experimentally, using a screened hydrophone, that flow noise affects results 
below 200 Hz. From Dyer et al. (1983) [12], cable strum noise is also localised at low frequency, 
below 100 Hz. Before the analysis, the recording files had been listened to and manually filtered to 
delete all parasite noise, such as flow noise, swell noise or all other noise originating from the 
sensor. 
The TPL has been obtained by averaging the TPL values throughout each track. The average 
drifting speed of each hour has also been plotted. 
It appears from Figures 4 and 6 that the TPL is linked to the water speed. During spring tide, TPL 

increases from 122 to 128 dB re 1Parms with increasing drifting speed, passing from 1.7 to 4 knots 
between 3 and 7 hours after high water. 
In the same way, a decreasing drifting speed implies a TPL decrease. As an example, between 1 
and 3 hours after high water at spring tide, the drifting speed changes from 6 to 2 knots which 

implies a TPL decrease of 8 dB, passing from 130 to 122 dBre1Parms. Results obtained during 
neap tide (Figure 6) confirm roughly this observation. 
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The TPL in neap tide does not differ from the values obtained during spring tide. Both neap and 

spring TPL values range between 120 and 130 dB re 1Parms. However, TPL values during neap 
tides seem to be higher through the tide cycle than the spring values. This is due to the water speed 
values occurring during spring and neap tide. The current speed occurring during the flood are 
higher than during the ebb. Underwater background noise recording have been mainly monitored 
during the flood at neap tide (Figure 5) and during the ebb at spring tide (Figure 6). 
 

3.2 Sound Pressure Level (SPL) versus drifting speed 

Figure 7 and 8 show the 1/3
rd

 Octave band 20 Hz, 200 Hz, 2 kHz and 20 kHz as a function of 
drifting speed for the neap and spring tides. The trend line for each frequency is displayed with the 
related equation. 
 
From Figures 7 and 8, it appears that all the 1/3

rd
 Octave bands increase with increasing drifting 

speed. 
For the 2 and 20 kHz bands, levels monitored during neap tide are lower than levels during spring 
tide for the same drifting speed. As an example and referring to the trend line, the 2 kHz band at 

3 knots reaches approximately 94 dB re 1Parms at neap tide and 99 dB re 1Parms at spring tide.  
 

 
Figure 7: 20Hz, 200Hz, 2,000Hz and 20kHz 1/3

rd
 

octave band distribution as a function of drifting 

speed (Neap) - 11 May 2011 

 
Figure 8: 20Hz, 200Hz, 2,000Hz and 20kHz 1/3

rd
 

octave band distribution in function of drifting 

speed (Spring) - 18 May 2011 

 

For the 20 kHz band, constant term of the neap tide trend line (Figure 7) is 95 dB re 1Parms and 
98 dB for spring tide (Figure 8). This proves that the high SPL values during spring tide are not only 

 
Figure 5: TPLrms and drifting speed during 
Neap tide at Ramsey Sound (11/05/2011) 

 
Figure 6: TPLrms and drifting speed during 
Spring tide at Ramsey Sound (18/05/2011) 
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due to the water speeds, but also come from other sources. Forward et studied marine animal 
activities throughout the tidal stream and found that some fish and invertebrates use tidal current to 
aid movement. This difference of amplitude between spring and neap concerning the 2 and 20 kHz 
band might be the consequence of marine life activities during high energy flow. 
 
For the two low frequency bands, 20 Hz and 200 Hz, the SPL values are lower during spring tide 

than neap tide. At 2 knots for 20 Hz, the amplitude is 115 dB re 1Pa during neap tide and 110 dB 

re 1Parms during spring tide. This inverse effect might have been caused by the filtering, which has 
been more solicited during spring tide than neap tide, especially at low frequencies. 
 
An analysis of the variance of the gradient for both neap and spring tides show that the 20 kHz 
trend lines are the highest. At neap tide, the gradient is 1.4 and for spring, the gradient is 2. This 
demonstrates that the 20 kHz 1/3

rd
 Octave band is strongly affected by the current speed.  

 
 

3.3 2 and 20 kHz band SPL, drifting speed and sea level 

The sound origin of the 2 and 20 kHz 1/3
rd

 Octave band is investigated here. The Figure 9 and 10 
represent 2 and 20 kHz band and the drifting speed averaged against time for spring and neap 
tides. The sea level has also been represented. 
As demonstrated in the previous section, the current speed affects the 2 and 20 kHz band 
amplitude. 
 
It can be observed in Figures 9 and 10 that the 20 kHz amplitude is influenced by the sea level. The 
20 kHz SPL increases with decreasing sea level. During neap recording, the 20 kHz band is higher 

during low water (101-110 dB re 1Parms) than at high water (100-103 dB re 1Parms), while the 
drifting speed is lower at low water (1 knot) than high water (5 knots). This observation is confirmed 
by the spring results: At high water (7 m LAT), the drifting speed is 7 knots and the SPL at 20 kHz is 

111 dB re 1Parms. During low water (0.7 m LAT), the drifting speed is 4.5 knots and the SPL at 

20 kHz is 120 dB re 1Parms. 
 

 
Figure 9: 2 and 20 kHz amplitude, sea level and 

drifting speed distribution versus time (Neap) 

 
Figure 10: 2 and 20 kHz amplitude, sea level and 

drifting speed distribution versus time (Spring) 

 
The 2 kHz band is more influenced by the water speed and the sea level at spring tide. During neap 

tide, the 2 kHz band ranges between 90 and 103 dB re1Parms and during spring it ranges between 

93 and 110 dB re 1Parms. 
 
It appears that the 2 and 20 kHz SPLs increase with increasing drifting speed and decreasing sea 
level. At low water, the hydrophone is closer to the seabed and records a louder sound, verified by 
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the Figures 9 and 10. With this information, it is thought that the 20 kHz noise source comes from 
the seabed. 
Each sound file was listened to and compared with existing data from sediment surveys. Thorne 
[14] postulate that this is sediment. Thorne [14] also found that sediment noise induced by current 
flow can be significant from 1 kHz to 250 kHz depending on the diameter of the particles. It appears 
that centred frequency sound emission increases with decreasing gravel diameter. Ramsey Sound 
seabed is principally composed of hard rock with partial layers of cobbles and sands. From Thorne's 
results, it can be deduced that the sediment movement diameter corresponding to the 20 kHz band 
in Ramsey Sound ranges roughly between 10

-3
 to 10

-2
 m. 

The presence of sediment on the seabed of Ramsey Sound has been confirmed by an underwater 
camera survey (Figure 11). 
 

 
Figure 11: Seabed sediment in Ramsey Sound 

 
 

4 CONCLUSION 

A comparison of underwater background noise for neap and spring tides has been investigated. 

From these results, it has been found that the TPL evolves between 123 and 131 dB re 1Parms 

during neap tide and 121 to 130 dB re 1Parms during Spring tide. 
It has also been established that underwater background noise was highly dependent on the water 
speed, especially for the 20 kHz 1/3

rd
 Octave band which is due to sediment motion noise. 

However, another source of noise independent of the water speed has been identified. This noise 
source is louder at spring than at neap tide, which could come from marine life displacement during 
spring tide, such as invertebrates and fish which use the current [13] to move. 
It has been clearly identified that the position of the hydrophone in the water column influenced the 
results. The seabed as the sea surface is the source of several noises, such as surf or sediment 
motion and this could influence the results.  
Underwater background noise in high tidal stream is complex to monitor and analyse. Caution must 
be taken regarding parasitic noise such as cable strum, flow noise, swell and also every potential 
source of noise emanating from the research boat. These issues are currently being studied at 
Swansea University. 
This work will be followed by more underwater water noise monitoring during the installation and the 
operation of Tidal Energy Ltd's turbine and aims to assess the potential noise disturbance of this 
turbine on marine mammals. 
 
 

  

Courtesy of Tidal Energy Ltd 
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