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7 Mitigation measures 

7.1 Introduction 

Mitigation measures aim at eliminating the harmful effects of man-made underwater 

sound, or at least at reducing the risk of harming marine ecosystems. In general, there 

are three options for mitigation measures: 

( measures at the source side, to prevent the noise from being produced, 

( measures that effect the propagation, to prevent the noise from reaching the 

receiver, and 

( measures at the receiver side, to prevent the noise from being detected. 

Some familiar examples for the case of humans-and-noise help to understand these 

options: 

( measures at the source side: 

% road traffic: silent tyres, silent asphalt, whisper trucks, 

% air traffic: whisper jets, 

( measures that effect the propagation: 

% noise barriers, 

% airport-at-sea, or steep descent to an airport: increase the distance between 

sound source and receiver, 

( measures at the receiver side: 

% acoustic vent,
13

 

% earplugs. 
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In the underwater world, the possibilities are based on exactly the same options. 

Examples are: 

( measures at the source side: 

% shipping: silent ship design
14

, e.g. by reducing cavitation, 

% wind-turbine foundation: no pile driving, but alternative techniques based on 

vibrating, or a large concrete foundation (gravity structure), 

% sonars: lower sound level; no transmission in the presence of certain species, 

                                                        
13

 In Dutch: suskast. 
14

 Note that this would also be beneficial for the ship’s crew. 
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% seismic sources: only transmit relevant frequencies, 

( measures that affect the propagation: 

% noise barrier like bubble screen (bubble curtain), or solid barrier, 

( measures at the receiver side: 

% no possibilities at the animal itself (no ‘earplug’ equivalents), 

% options to protect particular areas are: 

  noise barrier like bubble screen, 

% ‘warn’ the animals such that they move away from the sound source, i.e. 

increase the propagation distance; Only possible for species that are sufficiently 

‘mobile’, e.g. not effective for fish larvae or microphytobenthos; Examples are: 

  ramp-up scheme for sonars, 

  acoustic deterrents, see also Section 3.8; some sort of pinger that produces 

audible-but-not-too-loud noise dedicated to warn sea mammals (in 

particular porpoises); originally designed to keep porpoises away from gill 

nets. 

Note that the field of noise mitigation measures above water with the aim to protect 

humans is much more advanced than the field of noise mitigation measures underwater 

with the aim to protect marine ecosystems. Reasons are amongst other things: 

( policy makers used to be more interested in above water sound than underwater 

sound and its effects, 

( animals cannot be questioned, instead their behaviour/response to sound must be 

studied and monitored, not only in captivity, but also in their natural habitat, 

( marine fauna is more difficult to study than terrestrial fauna, 

( underwater measurements are much more difficult and expensive to carry out than 

above water measurements, 

( underwater sound travels over larger distances than above water sound. 

As a consequence, in many cases the effectiveness of mitigation measures has not been 

proven yet. 

Except for the mitigation measures as mentioned so far, in some cases there is the 

option to make sure that no noise is produced during certain times or in some areas. 

Well-known above-water sound examples are: 

( time: reduction of night flights, 

( time: closure of particular areas during breeding season, 

( time: ‘Sunday rest’, 

( area: reserve preservation areas. 

One can imagine that also in the case of the underwater situation certain periods during 

the year, or certain areas, could be identified where animals are extra sensitive to being 

disturbed. For example, the period or the location where the young are born and 

suckled. At these locations or at these periods, no disturbing activities would be 

allowed, while elsewhere or at other times activities could continue. In this project, we 

exclude this type of measures from our scope and limit ourselves to the measures based 

on ‘source’, ‘propagation’ and ‘receiver’. These will now be discussed in more detail. 

7.2 Measures at the source 

( Lower sonar sound level (during exercises) 

Most sonar transmissions from military ships take place in peace time, during 

exercises. It is clear that the requirements are then less stringent than during 

military actions. This means that it would be possible to reduce the sonar source 
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level in many cases. Furthermore, it is clear that the sonar source only needs to 

transmit frequencies within the envisioned processing band. Such a bandwidth 

limitation would not reduce the sonar capability in any sense, but the source level 

could be (much) lower. In the same category, the prevention of harmonics can 

reduce the impact of low frequency sonar signals significantly in case of marine 

mammals. 

( Seismic sources that only transmit frequencies in the relevant frequency band 

Current airgun arrays produce frequencies well above those that are relevant to the 

seismic exploration method. Such high frequencies do not penetrate to the depths 

that are relevant to seismic exploration. Currently, alternative sources are being 

studied, that could be classified as ‘marine vibrators’. The advantage of such 

sources is twofold: first they would only produce the frequencies that are relevant, 

second they could transmit chirps (or sweeps, or transient signals) rather than 

impulsive signals. I.e., the required acoustic energy would be transmitted in a 

longer period of time at a lower source level rather than in a very short period of 

time at a higher source level. However, currently the use of marine vibrators is not 

generally accepted by the marine seismic industry (although the land seismic 

vibrator is the standard source for seismic exploration on land). 

( No sonar transmission or seismic surveying in the presence of specific marine 

animals 

A ‘marine mammal observer’ is present during the survey. This observer 

determines the presence of the specific marine animals, e.g. via visual observation 

using field-glasses, or using a passive sonar (array) that ‘listens’ to the sounds of the 

animals. The marine mammal observer is authorized to take the appropriate 

measures, amongst which is to put the sonar transmissions, or the use of airguns 

(temporarily) on hold. However, the observation range is limited. During night 

time, no visual observation is possible at all, while during day time the range is 

variable, depending on the weather conditions, but not likely to be more than 

several kilometres in good conditions. With means for passive acoustic detection, 

the range can be extended. However, the possible range for damage due to loud 

activities like pile driving can be even larger, which reduces the effectiveness of the 

measure. 

( Alternatives to pile driving at sea 

There exist alternatives to pile driving at sea. A well-known example is 

vibrodriving, where rotating eccentric weights create an alternating force on the 

pile, vibrating it into the ground. This technology has been developed to reduce 

harm to the environment. It is only suitable for smaller piles (Elmer et al., 2007). 

Another example is the use of a steel or concrete prefab foundation as an alternative 

to the so-called monopiles which were used in the park at Egmond aan Zee.  

Such foundations can be placed without pile driving (Madsen et al., 2006; The 

Danish wind industry association, www.windpower.org). This means that the 

construction of wind-energy farms does not necessarily imply pile driving. 

( Silent ship design 

Naval vessels and fishery research vessels are built to underwater noise 

requirements, which specify much lower radiated underwater noise levels than 

those found for conventional ships. The design technology is available to match 

ship propellers to the expected inflow in order to reduce cavitation and to reduce 

machinery noise by means of acoustic measures like resilient mounts and acoustic 

enclosures. See Ross (1976). 
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( Frequency shaping 

Because the hearing frequency ranges of the animals are limited and the audiograms 

are U-shaped, any change in the spectrum of a noise source towards a less sensitive 

part of the hearing threshold curve is an improvement. Solutions that act on 

frequency bands of noise sources should therefore be considered in addition to 

solutions that aim at reducing the number of decibels. 

7.3 Measures to propagation 

( Bubble screen (or bubble curtain) 

A noise barrier like a bubble screen reflects the sound, such that the sound energy is 

concentrated at one side of the barrier, whereas propagation to the other side is 

reduced. The principle is based on the impedance mismatch between water and air. 

Bubble screen barriers can lead to a reduction of 3 to 5 dB (Würsig et al., 2000) or 

even up to 20 dB (Spence et al., 2007). However, the effects on marine mammals 

have not been quantified. A bubble screen could be used close to a source, but it 

could also be used close to an area-to-be-protected. It depends on local 

circumstances which option is to be preferred. Note that the effects of a bubble 

screen strongly depend on the size and the amount of the air bubbles produced (i.e. 

thickness of the screen). Furthermore, currents may distort the effect because of 

drifting bubbles and the principle is bounded to a certain maximum depth. This is 

because of practical reasons related to the required compressors and principle 

reasons related to the bubble size distribution, which is a function of depth.  

Note that a bubble screen itself is a source of sound, which may for some low 

frequencies (order hundreds of Hz) be louder than the sound source it is supposed to 

suppress. 

( Solid barrier 

Solid barriers are mentioned by Spence et al. (2007). The principle is the same as 

that of a bubble screen, but the material ‘air’ is replaced by ‘foam’. The foam is 

mounted in a frame in some way. Attenuation up to 20 dB is reported. The method 

is restricted to shallow water. An alternative is to remove the water from a solid 

casing that surrounds the sound source. This expensive method effectively blocks 

the sound radiation into the water. Obviously, the construction of the casing may 

give rise to underwater sound production. 

7.4 Measures at the receiver 

We do not know of any possibility to protect animals directly from the harmful effects 

of too much sound. A sound barrier could be used to protect important (small) areas, 

think of breeding or feeding grounds, or to create a ‘silent passage’. However, given the 

size (and distribution) of the involved areas and the non-sedentary life style of all 

marine mammals and fish, this option does not seem to have widespread applicability. 

( Acoustic deterrent 

The idea here is to deploy an acoustic deterrent (or ‘pinger’) prior to activities that 

produce a lot of noise. An acoustic deterrent produces sound (or ultrasound) itself, 

e.g. in the frequency range of 5 to 160 kHz. The assumption is that smart marine 

mammals would move away from the location of the pinger to a safe distance, i.e. 

large enough for the noise to drop below unpleasant levels. In practice, not much is 

known about whether or not this assumption is correct. One can imagine that smart 
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marine mammals even get attracted by the sounds the pinger produces, out of 

curiosity. In any case, the method is not suitable for slow-moving animals, think of 

fish larvae. Note that the use of acoustic deterrents increases the total amount of 

sound energy in the water, and frequent use might cause temporary or even 

permanent loss of habitat (Franse, 2005). Other risks are: the sound of an acoustic 

deterrent may be too loud for an animal at a short distance (see also sonar ramp-up 

scheme). 

( Sonar ramp-up scheme 

A sonar ramp-up scheme means that the sonar is started in a low-power mode after 

which the power is increased to a maximum level during a specified time. This time 

should be large enough for the animals to relocate to a ‘safe’ distance.  

The assumption is that the animals indeed respond in this manner to the sound, 

either instinctively or because they have learned to do so. At this time there is no 

information available that supports this assumption. One of the complicating factors 

is that a certain mitigation measure in most cases is not stand-alone. Instead, it is 

part of a whole suite of such measures. One of the other usual measures is that it is 

not allowed at all to start sonar transmissions if marine mammals are present in the 

area. An unwanted side effect of a sonar ramp-up scheme is that it is likely to 

increase the total duration of a sonar operation, thus increasing also the total 

acoustic energy transmitted by the sonar source. 
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8 Recommendations for future research 

Based on the results presented in this report, the following recommendations can be 

made for future research: 

( Clear generic guidelines / procedures should be established for the measurement, 

processing and quantification of underwater sound, such that future studies and 

measurement campaigns will lead to comparable results. This involves both 

hardware aspects, i.e. how to measure, and software aspects, i.e. how to process the 

measured data. It also involves taking into consideration international work in this 

field. 

( There is a large demand for proper measuring protocols and measurements of 

natural and anthropogenic underwater sound in the North Sea (i.e. measurements 

that comply with the mentioned guidelines) for further development of the 

propagation modelling and validation of the resulting sound maps. Both the spatial 

distribution over the NCP (Netherlands Continental Shelf) and the variation with 

time on a short (minutes, hours) or long time scale (seasons, years) should be 

sampled with sufficient resolution. 

( The main contributions to anthropogenic sound energy in the North Sea are found 

to come from shipping, seismic surveys (airguns), underwater explosions and pile 

driving. Underwater sound maps (including frequency spectra) should become 

available for these sources, and ideally including the effects of variations of bottom 

type across the NCP region. 

( The available and the still-to-be-acquired data should be stored in a central database 

(e.g. as has been done for groundwater levels) with well-defined and annotated data 

of sources, mitigation measures, propagation and background noise. This database 

could be filled via mandatory monitoring for all MER (environmental impact 

assessment, Dutch: milieu-effect-rapportage) liable off-shore projects. 

( It should be investigated whether the method used for the calculation of 

propagation losses and the generation of underwater sound maps can (in the long 

term) be further developed to a generally applicable legal basis for underwater 

sound (‘rekenvoorschrift’), as exists for sound in air (industrial and traffic noise). 

( There is a large demand for research on the possible impact of underwater sound on 

diverse species (both individually and for populations, in short and long term).  

This refers to the individual physiology and the short term dose-response 

relationship as well as to the long term impact on the population. It is therefore 

recommended that experts from various disciplines (acousticians, ecologists, 

biologists) establish some sort of platform with the aim of improving the 

collaboration. 
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A Noise source characteristics 

A.1 Introduction 

The source characteristics and (anthropogenic) usage information that we have been 

looking for were the following: 

  Source level SL (or output power) 

  Beam width " (for sonars) 

  Frequency band B 

  Pulse duration T 

  Repetition rate N 

  Location (where, e.g. shipping lanes) 

  How often? (e.g. how many ships) 

  Origin (measurements, modelling, …) 

Unfortunately, a complete information set with all these properties for a specific source 

is usually not found in the literature. The information that we did find, however, has 

been collected in the tables presented in the following sections. 

 

A.2 Natural noise sources 

Information on sounds made by mammals (echo-location clicks and other vocalization) 

has been collected in the table below. For information on other natural sounds (wind, 

rain, lightning, etc.), see Chapter 2. 

Table A.1. Natural noise sources: mammals (echo-location clicks and other vocalization). 

 Frequency 

range 

[kHz] 

Dominant 

frequency 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[s] 

Reference 

Harbour porpoise (Phocoena phocoena)      

Clicks (not demonstrated as echolocation) 2  100 (p-p)  Richardson et al. 

(1995) (Busnel & 

Dziendzic, 1966) 

Clicks (echolocation) 110-150  135-177 (p-p)  Richardson et al. 

(1995) (Busnel et 

al., 1965; Mohl & 

Andersen, 1973; 

Kamminga & 

Wiersma, 1981; 

Akamatsu et al., 

1994) 

White-beaked dolphin (Lagenorhynchus 

albirostris)  

     

Squeals  8-12   Richardson et al. 

(1995) (Watkins & 

Schevill, 1972) 

Clicks (echolocation) ! 325  ! 207 (p-p)  Mitson (1990) 

Bottlenose dolphin (Tursiops truncatus)      

Whistles 0.8-24 3.5-14.5 125-173  Richardson et al. 

(1995) (Lilly & 
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 Frequency 

range 

[kHz] 

Dominant 

frequency 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[s] 

Reference 

Miller, 1961; 

Tyack, 1985; 

Caldwell et al., 

1990; Schultz & 

Corkeron, 1994; 

Wang Ding et al., 

1995) 

Low-frequency narrowband < 2 0.3-0.9   Richardson et al. 

(1995) (Schultz et 

al., in press) 

Rasp, grate, mew, bark, yelp     Richardson et al. 

(1995) (Wood, 

1953) 

Clicks (echolocation) 110-130  218-228 (p-p)  Au et al. (1974); 

Au (1993) 

Harbour seal (Phoca vitulina)      

Clicks (fore-flipper slaps on the water 

surface) 

 12-40   Richardson et al. 

(1995) 

(Noseworthy et al., 

1989, etc.) 

Roar 0.4-4 0.4-0.8   Richardson et al. 

(1995) (Hanggi & 

Schusterman, 

1992, 1994) 

Social sounds 0.5-3.5   0.019-0.4 Richardson et al. 

(1995) (Beier & 

Wartzok, 1979) 

Bubbly growl < 0.1-0.4 < 0.1-0.25   Richardson et al. 

(1995) (Hanggi & 

Schusterman, 

1992, 1994) 

Grunt, groan < 0.1-4    Richardson et al. 

(1995) (Hanggi & 

Schusterman, 

1992, 1994) 

Creak 0.7-4 0.7-2   Richardson et al. 

(1995) (Hanggi & 

Schusterman, 

1992, 1994) 

Pup (simultaneously in-air and underwater 

when the pup’s head is in air) 

    Richardson et al. 

(1995) (Renouf, 

1984; Renouf & 

Perry, 1983; 

Renouf & Perry, 

1985, 1988) 

Grey seal (Halichoerus grypus)      
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 Frequency 

range 

[kHz] 

Dominant 

frequency 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[s] 

Reference 

Hiss 0-40    Richardson et al. 

(1995) (Oliver, 

1978) 

Clicks (clusters), less frequently 0-30    Richardson et al. 

(1995) (Schevill et 

al., 1963) 

Clicks (isolated)     Richardson et al. 

(1995) 

6 different call types (breeding period) 0.1-5 0.1-3   Richardson et al. 

(1995) (Asselin et 

al., 1993) 

Knocks ! 16 ! 10   Richardson et al. 

(1995) (Asselin et 

al., 1993) 

 

A.3 Intentional anthropogenic noise sources 

Information on several anthropogenic noise sources treated in Chapter 3 (air guns, 

acoustic deterrents, echo sounders, sub-bottom profilers) has been collected in the table 

below. 

Table A.2. Anthropogenic noise sources (air guns, acoustic deterrents, echo sounders, sub-bottom 

profilers). 

 Signal type Frequency 

range 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[ms] 

Beam width 

[deg] 

Repetition time 

(inter-pulse 

interval) [s], 

or repetition 

rate [Hz] 

Airgun and 

airgun arrays 

      

Large array15 3397 inch3 = 

0.056 m3 = 56 

litre array 

0-0.2 254 (z-p) 5-10 ms (energy 

pulse rise-time 

for positive 

excursion near 

the source) 

Radiation pattern 

is concentrated 

downwards 

During normal 

operations, 

arrays are fired 

every 10-15 s 

Large array16 2250 inch3 = 

0.037 m3 = 37 

litre (Western 

Geophysical) 

array of 24 

airguns in three 

identical strings 

 255 (z-p) 

computed for a 

1 ms sampling 

interval (500 Hz 

bandwidth) 

 Radiation pattern 

is concentrated 

downwards 

 

Large array17 > 10 litre 0.01 – 1 220 (p-p) Few milliseconds Apex angle: 90° 8-19 s 

                                                        
15

 Caldwell & Dragoset (2000); The detector placement is crucial: a position must be found where the 

detector is equidistant or nearly equidistant from all elements in the array 
16

 www.westerngeco.com 
17

 Impacts of Marine Acoustic Technology on the Antarctic Environment, SCAR, July 2002 
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 Signal type Frequency 

range 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[ms] 

Beam width 

[deg] 

Repetition time 

(inter-pulse 

interval) [s], 

or repetition 

rate [Hz] 

Small array 10 inch3 = 0.16 

litre 

 210-220 (p-p)  Radiation pattern 

is concentrated 

downwards 

0.25-7 s 

Acoustic 

deterrents18 

      

DRS-819 Tonal ‘known 

effect’ reference 

sound 

0.6 (tonal)  Signal duration: 

300 ms 

Omnidirectional 

beam pattern at 

2 kHz 

Signal interval: 

4 s 

High Impact 

Saver20 

Digital, wide 

band 

Double signal: 

30 kHz and 30 ! 

160 kHz wide 

band sweeps, 

harmonics up to 

180 kHz 

155 200-900 ms 

randomized 

 4-16 s pseudo 

randomized 

Long Line Saver Digital, wide 

band 

Single signal, 

60 kHz wide 

band sweeps, 

harmonics up to 

180 kHz 

155 200-400 ms 

randomized 

 4-16 s pseudo 

randomized 

Endurance Saver 

(targeted for 

harbour 

porpoise): North 

Sea 

Digital, wide 

band 

Single signal, 

90 kHz wide 

band sweeps, 

harmonics up to 

180 kHz 

140 200-400 ms 

randomized 

 4-30 s pseudo 

randomized 

AQUA mark 

10021 (targeted 

for harbour 

porpoise): North 

Sea 

Digital, wide 

band/tonal 

20-60 kHz, 

harmonics up to 

160 kHz 

145 200-300 ms  4-30 s pseudo 

randomized 

AQUA mark 200 

(targeted for 

dolphin): 

Mediterranean 

area 

Digital, wide 

band/tonal 

5-60 kHz, 

harmonics up to 

160 kHz 

145 200-300 ms  4-30 s pseudo 

randomized 

AQUA mark 210 

(targeted for 

dolphin where 

predation is 

severe): 

Digital, wide 

band/tonal 

5-60 kHz, 

harmonics up to 

160 kHz 

150 50-300 ms  4-30 s pseudo 

randomized 

                                                        
18

 Franse (2005); Kastelein et al. (2007); Incidental catches of small cetaceans, Report SEC (2002) 1134, 

STECF, Brussels (Table 3 on p. 26) 
19

 www.oceanears.com/7550.html 
20

 www.savewave.net 
21

 www.subsea.org/company/listdetails.asp?companyid=206 
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 Signal type Frequency 

range 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[ms] 

Beam width 

[deg] 

Repetition time 

(inter-pulse 

interval) [s], 

or repetition 

rate [Hz] 

Mediterranean 

area 

AQUA mark 300  Digital, wide 

band/tonal 

10 kHz 145 300 ms  4 s  

FMDP-200022 Digital, tonal 10 kHz ± 2 kHz 132 (± 4 ) 300 ms ± 15 ms  4 s ± 0.2 s 

NetMark 1000 

(for harbour 

porpoise) 

Analogue, tonal 10 kHz 130-150  300 ms  4 s  

Acoustic 

communication 

equipment23 

      

Source 1 Chirp 

(continuously 

varying 

frequency) 

30, 50, 70 and 

90 kHz 

Up to 116 (± 3) Signal block 

duration: 2 s 

 Signal block 

interval: 0.5 s; 

duty cycle: 80% 

Source 2 Direct sequence 

spread spectrum 

(three different 

blocks) 

26 kHz 123 (± 3) Signal block 

duration: 1 s 

 Signal block 

interval: 0.7 s; 

duty cycle: 60% 

Source 3 Modulated 

frequency shift 

keying (noise) 

24 kHz 130 (± 3) Signal block 

duration: 

continuous  

 Signal block 

interval: 0 s; duty 

cycle: 100% 

Single beam 

echo sounders 

      

Kongsberg 

EA40024 

 33, 38, 50, 70, 

120, 200, 210, 

710 

 38 kHz: 4 ms; 

50 kHz: 2 ms; 

120-710 kHz: 

1 ms 

Depending on 

transducer, 

2.8 (@ 710 kHz) 

! 21 (@ 38 kHz) 

Ping rate: max. 

20 per second 

Kongsberg 

EA400 SP 

(portable, splash-

proof version of 

the EA400) 

 38 to 710; 

optional: 33, 210 

 Likely to be 

similar to the 

EA400 

Likely to be 

similar to the 

EA400 

Up to 20 per 

second 

Kongsberg 

EA600 

 12, 33, 38, 50, 

70, 120, 200, 

210, 710 

 Likely to be 

similar to the 

EA400 

Likely to be 

similar to the 

EA400 

Likely to be 

similar to the 

EA400 

Kongsberg 

MS1000ES25 

 200, 675  TX pulse length: 

20-1000 "s 

200 kHz: 10° or 

3°; 675 kHz: 2.5° 

Up to 10 pings 

per second 

BioSonics DT-X 

Digital Scientific 

Echosounder26 

 38, 70, 120, 200, 

420 

 0.1-1.0 ms (user 

selectable) 

Standard widths: 

6° to 10° (@ !3 

dB), other beams 

0.01-30 

pulses/second 

                                                        
22

 www.fumunda.com/how.php 
23

 Kastelein et al. (2005) 
24

 www.km.kongsberg.com 
25

 Max. range: 400 m for 200 kHz, 150 m for 675 kHz 
26

 www.biosonicsinc.com/echosounder-products 
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 Signal type Frequency 

range 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[ms] 

Beam width 

[deg] 

Repetition time 

(inter-pulse 

interval) [s], 

or repetition 

rate [Hz] 

(single and split 

beam) 

available 

Fish finding 

echosounders 

      

Simrad ES6027 

(single/split 

beam) 

 12, 18, 27, 38, 

50, 70, 120, 200 

    

Simrad SD 570  57 Single beam: 

220; 

Omni: 214  

 Horizontal: 12°, 

360°; 

Vertical: 12° 

 

BioSonics DT-X 

Digital Scientific 

Echosounder 

(single and split 

beam) 

 38, 70, 120, 200, 

420 

 0.1-1.0 ms (user 

selectable) 

Standard widths: 

6°-10° (@ 

!3dB), other 

beams available 

0.01-30 pulses / 

second 

Sidescan beam 

echo sounders 

      

Kongsberg 

EA400 SP 

 120, 200    Up to 20 per 

second 

Kongsberg 

EA400/600 

sidescan option 

 120, 200   At 120 kHz: 

longitudinal 1.9°, 

transverse 55°; 

At 200 kHz: 

longitudinal 0.5° 

 

Kongsberg 

EM3002 

 300  150 µs 130° (single 

head); 

200° (dual head) 

40 pings per 

second 

Sub-bottom 

profiler 

      

Geochirp II28  0.5-13 205 ± 3 32 ms 55° @ 3.5 kHz; 

40° @ 5.0 kHz; 

30° @ 7.0 kHz  

Chirp sweep: 

max 4 per sec for 

32 ms; pinger 

waveforms: 10 

per second 

Geopulse profiler 

T13429 

 3-7 16 transducer 

array: 225; 

8 or 9 

transducers: 220; 

4 transducers: 

214 

 4 transducers: 

55° @ 3.5 kHz, 

40° @ 5.0 kHz, 

30° @ 7.0 kHz 

1, 2, 4, 8, 16, or 

32 cycles of the 

frequency 

selected 

                                                        
27

 Range min. 5 m, max. 5000 m; Single, dual or split beam; Variable sound velocity: 1400 to 1700 m/s; 

bottom expansion: 5 m to 7500 m 
28

 www.geoacoustics.com/Specifications/GeoChirp_II.htm 
29

 www.geoacoustics.com/Specifications/GeoPulse%20Profiler.htm 
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 Signal type Frequency 

range 

[kHz] 

Source level 

[dB re 

1  Pa2m2] 

Pulse duration 

[ms] 

Beam width 

[deg] 

Repetition time 

(inter-pulse 

interval) [s], 

or repetition 

rate [Hz] 

Massa 

TR1075A30 

 2.5-10 201  80° conical beam 

angle 

 

Benthos SIS-

300031 

 2-7 203    

Innomar SES-

2000Compact32 

 5-15 236 0.066-0.5 ms  Up to 30 per 

second 

depending on 

range 

 

A.4 Unintentional anthropogenic noise sources 

The available information on unintentional anthropogenic noise sources is limited, as is 

explained in Chapter 4. The table below summarizes the source levels of a number of 

broadband, continuous noise sources: shipping, dredging and drilling. In most cases, the 

frequency range for these sources is determined by the measurements and not 

necessarily related to the actual source frequencies. There is virtually no information 

about source directionality. Some information about source locations and about 

impulsive noise sources (explosions and pile driving) is given in Chapter 4. 

Table A.3. Unintentional anthropogenic noise sources: shipping, dredging and drilling 

Type Average 

length 

[m] 

Average 

speed 

[kn] 

SL 

[dB re 

1 #Pa2m2] 

Frequency 

[Hz] 

Reference Remarks 

Oil / chemical tanker 180 12-15 182 71-141 Hatch et al. (2008)  

LNG tanker 246 10-14 182 71-141 Hatch et al. (2008)  

Cargo / container 205 13-17 179 71-141 Hatch et al. (2008)  

Tug 34 7-9 172 71-141 Hatch et al. (2008)  

Cruise ship 187 13-17 181 71-141 Hatch et al. (2008)  

Private yacht 38 8-13 162 71-141 Hatch et al. (2008)  

Research vessel 50 4-13 160 71-141 Hatch et al. (2008)  

Supertanker 266-340  180-190 7 Richardson et al. 

(1995) 

Tonal noise 

Supertanker 244-366 7.7-11.3 205 10-1000 NRC (Frisk et al., 

2003) 

RANDI model 

Large tanker 153-214 7.7-9.3 195 10-1000 NRC (Frisk et al., 

2003) 

RANDI model 

Tanker 122-153 6.2-8.2 188 10-1000 NRC (Frisk et al., 

2003) 

RANDI model 

Merchant 84-122 5.1-7.7 182 10-1000 NRC (Frisk et al., 

2003) 

RANDI model 

Fisher 15-46 3.6-5.1 160 10-1000 NRC (Frisk et al., 

2003) 

RANDI model 

                                                        
30

 Ainslie (2008), Ch. 10; www.massa.com/underwater_comericaloceanographic.htm 
31

 www.benthos.com/seafloor-bottom-mapping-survey-sonar-sis-3000.asp 
32

 www.innomar.com/produ_2000compact.html 
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Type Average 

length 

[m] 

Average 

speed 

[kn] 

SL 

[dB re 

1 #Pa2m2] 

Frequency 

[Hz] 

Reference Remarks 

Cruise ships 188-260 10 175-185 10-40000 Kipple (2002) 

(Glacier Bay 

National Park) 

 

Cruise ship 230 19 195 10-40000 Kipple (2002) 

(Glacier Bay 

National Park) 

One ship 

Bulk carrier 173 8-16 178-192 10-40000 Arveson & 

Vendittis (2002) 

M/V Overseas 

Hariette 

Gravel carrier 219 0 157 31.5-2000 Carr et al. (2006) Peter R Cresswell 

Supertanker N/A N/A 187-232 Broadband Fisher & Brown 

(2005) 

Estimated 

Freighters, bulk carriers, 

large tankers 

N/A N/A 185-200 Broadband Fisher & Brown 

(2006) 

Estimated 

Tankers, merchant ships N/A N/A 155-190 Broadband Fisher & Brown 

(2007) 

Estimated 

Medium-small motor-

powered vessels 

N/A N/A 150-160 Broadband Fisher & Brown 

(2008) 

Estimated 

Pipelay for deep water N/A 0 179 10-2000 Sakhalin, Table 4.7 Semac One 

Tug, anchor pull N/A 0 184 10-10000 Sakhalin, Table 4.7 Katun 

Tug, transiting N/A  190 10-10000 Sakhalin, Table 4.7 Katun 

Supply ship N/A Full 186 10-10000 Sakhalin, Table 4.7 Neftegaz 22 

Pipelay barge N/A 0 167 20-10000 Sakhalin, Table 4.7 Castoro II 

Cutter Suction Dredger N/A 0 183 31.5-10000 Sakhalin, Table 4.7 JFJ de Nul 

Support vessel, discharging 

spoil 

N/A 0 184 20-10000 Sakhalin, Table 4.7 Pompei 

Tug, transiting N/A N/A 192 31.5-10000 Sakhalin, Table 4.7 Fujisan Maru 

Support vessel, transiting N/A Full 180 20-10000 Sakhalin, Table 4.7 DN43 

Trailing Suction Hopper 

Dredger 

N/A 0 188 10-10000 Sakhalin, Table 4.7 Gerardus Mercator 

Trailing Suction Hopper 

Dredger 

N/A 0 180 10-10000 Sakhalin, Table 4.7 Tacola 

Survey vessel, transiting N/A N/A 191 20-10000 Sakhalin, Table 4.7 Setouchi Surveyor 

Dredging N/A 0 186 20-500 Richardson et al. 

(1995) 

Aquarius 

Dredging N/A 0 172 20-500 Richardson et al. 

(1995) 

Beaver Mackenzie 

Drilling unit N/A 0 174 20-1000 Richardson et al. 

(1995) 

Kullul Conical  

Drillship N/A 0 186 20-10000 Richardson et al. 

(1995) 

Explorer II  

Fishery research vessels N/A 11 163 10-100000 Mitson (1995) ICES 209 

requirement 
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Section 1 of this document contains errata for TNO report TNO-DV 2009 C085 

“Assessment of natural and anthropogenic sound sources and acoustic propagation 

in the North Sea”, by M.A. Ainslie, C.A.F. de Jong, H.S. Dol, G. Blacquière and 

C. Marasini (February 2009). None of the errata affect the conclusions of the report. 

We take the opportunity to also make some minor (textual) changes and add some 

clarifying information in Section 2. 

 

1. Errata 

 

Page 28, Equation 2.15 

Replace Eq. (2.15) with 
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Page 29, §2.4.1 

Replace “30 MJ” with “30 kJ” (twice). 

 

Page 30, §2.4.2 

Replace the last two sentences with 

“Taking Hill’s estimated source level (with 30 µs duration and 2 strikes per square 

kilometre) gives 114,000×30 kJ/y ≈ 3.4 GJ/y. This figure would require a 0.006 % 

efficiency for conversion from electrical energy of the discharge to acoustic energy in 

the water.”. 

 

Page 54, line 2 

Replace the words “per year” with “present”. 

 

Page 57 

Remove the sentence 

“However, the data at two distances from the same UK test pile (Robinson et al., 

2007) in Table 4.2 demonstrate that the proposed scaling of (4.4) leads to a difference 

of only 3 dB in the estimation of the scaled SEL at a distance of 500 m.”. 
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Page 58, Table 4.2 

Replace Table 4.2 with the following (the values in highlighted cells are corrected). 

 

Table 4.2. Summary of measurement results for different pile driving operations, based on 

Table 2-1 from Nehls et al. (2007), with the lower three rows added, based on data 

from Robinson et al. (2007) and De Jong & Ainslie (2008). Hammer blow energy 

and Sound Exposure Level (SEL) are given per single stroke (or blow). Normalized 

values in the last columns are scaled to a distance of 500 m and a water depth of 

20 m, using (4.4). The question marks indicate uncertainty about the correct values. 
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Jade port construction, 

Germany, 2005 
0.9 11 5 200 70-200 188 162 181 155 

Jade port construction, 

Germany, 2005 
1.0 11 5 340 70-200 190 164 186 160 

FINO 1, Germany, 2001 1.6 30 10 750 80-200 192 162 196 166 

SKY 2000, Germany, 

2002 
3.0 21 5 260 200 n/a 170 n/a 166 

FINO 2, Germany, 2006 3.3 24 5 530 300 190 170 191 171 

Amrunbank West, 

Germany, 2005 
3.5 23 10 850 550 196 174 200 178 

North Hoyle, UK, 2003 4.0 7-11 5 955 450 192 155? 194 157? 

Scroby Sands, UK, 

2003 
4.2 1-8 <5 500 n/a 194 n/a 191 n/a 

Kentish Flats, UK, 2005 4.3 3 2 243 400 189 n/a 180 n/a 

Barrow, UK, 2006 4.7 15-20 5? 500 n/a 198 n/a 198 n/a 

Burbo Bank, UK, 2006 4.7 <10 5? 500 n/a 190 n/a 188 n/a 

Test Pile, UK, 2006 2.0 8-15 ? 57 800 208 178 193 163 

Test Pile, UK, 2006 2.0 8-15 4-7 1850 800 188 164 195 171 

Q7 site, NL, 2006 4.0 20-25 8-15 
890-

1200 
800 195 172 200 177 
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2. Minor changes 

 

Page 12, line 8 

Replace “small” with “weak”. 

 

Page 14, line 2 

Replace “infrasonic” with “infrasound”. 

 

Page 15, last line of §1.1.1 

Replace “0 dB re 20 µPa” with “0 dB re (20 µPa)
2
”. 

 

Page 15, 2nd paragraph from below 

Replace the sentence 

“The difference corresponds to a factor of almost 3700.” 

with 

“The precise values depend on the conditions (e.g. temperature and salinity), but the 

ratio is usually between 3500 and 3700.”. 

 

Page 16, Figure 1.2 

Replace “dB re 1 µPa” with “dB re 1 µPa
2
” on the y-axis of the figure. 

 

Page 17, last line of §1.1.2 

Replace “0 dB re 1 µPa” with “0 dB re 1 µPa
2
”. 

 

Page 24, last line of 2nd paragraph 

Add after “expressed in m/s”: 

“(the ‘hat’ symbol is used throughout to denote a dimensionless value, scaled by 

dividing by the appropriate SI unit, in this case 1 m/s)”. 

 

Page 25, line 2 of §2.2.2 

Replace “all frequencies” with “frequency”. 

 

Page 25, 2nd line from below 

Replace “ 10v̂ = 5 m/s” with “v10 = 5 m/s”, and “ 10v̂ = 10 m/s” with “v10 = 10 m/s”. 

 

Page 29, line 9 

Replace “lighting” with “lightning”. 

 

Page 29, 3rd paragraph 

Replace “on June 2008” with “on 2 June 2008”. 

 

Page 34, caption to Figure 3.2 

Replace “normalized” with “weighted”. 
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Page 35, line 1 

Replace “noise source levels” with “source levels of seismic survey sources”. 

 

Page 46-53, captions to Figures 4.1-4.7 

In these figures, the term “source level” is used sometimes to mean a monopole source 

level (i.e. the source level of a point source representing the ship) and sometimes a 

dipole source level (i.e. the source level of a point source combined with its surface 

image, which together make a dipole at low frequency – hence the name). The text 

explains which of the two definitions is applicable in each case. The following 

supplementary information is provided for the captions to Figures 4.2 to 4.7, to make 

it easier to interpret these figures without needing to read the relevant text. 

• The Wales & Heitmeyer (2002) data are monopole source levels (Figs. 4.2, 4.6). 

• The RANDI model data are assumed to be monopole source levels (Figs. 4.2, 4.3, 

4.7). 

• The Arveson & Vendittis (2000) data for the Overseas Harriette are dipole source 

levels (Figs. 4.3, 4.4). 

• The cruise ship data of Kipple (2002) are dipole source levels (Figs. 4.4, 4.5). 

• The data from Richardson (1995) are assumed to be dipole source levels (Fig. 

4.6). 

• No information is available concerning the type of source level measurements 

from the Sakhalin web site (Fig. 4.6). 

• The ICES requirement is assumed to be for a dipole source level (Fig. 4.7). 

 

Page 52, caption to Figure 4.6 

Replace the caption with 

“1/3-octave band source level spectra of underwater noise for marine dredging and 

offshore drilling, compared with the average source level of transiting merchant ships 

(Wales & Heitmeyer, 2002). Dredging and drilling source levels are measured in 

shallow water and are therefore subject to low frequency cut-off. The data for the JFJ 

de Nul Cutter Suction Dredger and the Gerardus Mercator Trailing Suction Hopper 

Dredger are taken from the Sakhalin data and the other spectra from Richardson et al. 

(1995). The levels between brackets in the legend give the broadband integrated 

source level in dB re 1 µPa
2
m

2
.”. 

 

Page 59, Figure 4.11 

Replace “dB re 1 µPa” with “dB re 1 µPa
2 

s” on the y-axis of the figure. 

 

Page 63, Table 5.1 

Replace “0.2” with “< 0.2” in the row for military search sonar. 

 

Page 68, 1st bullet 

Replace “ 10v̂ = 6.5 m/s” with “v10 = 6.5 m/s”. 

 

Page 76 and 77 

Replace “Princes Amalia windpark” with “Prinses Amaliawindpark” (twice). 

 




