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Background 

BalticBOOST is an EU co-financed project coordinated by HELCOM, with a main objective of improving 
regional coherence in the implementation of marine strategies. This is to be achieved through improved data 
flow and assessments, and through acquiring a knowledge base for the development of measures.  

BalticBOOST theme 4 on Underwater noise aims to survey possible measures to manage and mitigate 
relevant impacts of underwater noise in the Baltic Sea. For that purpose a review of existing knowledge on 
the impact of underwater noise from different sources of relevance for the Baltic Sea (relevant scales/range 
of impact, combined impacts of multiple activities in the same area) is to be conducted. Subsequently, 
possible measures to counteract those impacts are to be proposed considering regional and international 
experiences in the field. 

This document is structured in two sections. The first one contains a compilation of the reviews 
internationally available on underwater noise mitigation measures. The second one contains a questionnaire, 
prepared by BalticBOOST, to be filled in by HELCOM countries in order to identify which of the listed measures 
are nationally implemented, planned to be or have the potential to be implemented in the future.  
 
Action required 

The Meeting is invited to: 

− take note of the information provided; 
− consider and, if needed, provide additional information on internationally available underwater 

noise mitigation measures; 
− consider and agree on the procedure to fill in the questionnaire. 

 

  

http://www.helcom.fi/helcom-at-work/projects/balticboost
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Underwater noise mitigation measures 
Introduction 
Sound present in the underwater environment can be categorized as either natural or anthropogenic sound 
where the first encompasses all kinds of events produced by either animals or geophysical processes such as 
rain and waves, while the second is produced by mankind. Anthropogenic noise can be continuous noise such 
as noise from ship traffic, or impulsive noise such as noise from piling or sonars. In a report from the TG Noise 
group 2014 (1) different impulsive sound sources were defined together with sound pressure levels and a 
corresponding estimate from very low to high on the strength of the source (Table 1). To our knowledge, a 
similar table for continuous noise has not been established. 

Table 1: Impulsive noise levels caused by human activities as defined by the TG Noise group (Dekeling, 2014). 

Sound source  
Sonar or acoustic deterrents (source level, 
rounded to nearest decibel) 

 

• Very low: 176-200 dB re 1 μPa m 
• Low: 201-210 dB re 1 μPa m 
• Medium: 211-220 dB re 1 μPa m 
• High: above 220 dB re 1 μPa m 

Generic explicitly impulsive source (energy 
source level, rounded to nearest decibel)  
 

• Very low: 186-210 dB re 1 μPa² m² s 
• Low: 211-220 dB re 1 μPa² m² s 
• Medium: 221-230 dB re 1 μPa² m² s 
• High: above 230 dB re 1 μPa² m² s 

Airgun arrays (zero to peak source level, 
rounded to nearest decibel) 

• Very low: 209-233 dB re 1 μPa m 
• Low: 234-243 dB re 1 μPa m  
• Medium: 244-253 dB re 1 μPa m  
• High: above 253 dB re 1 μPa m 

Explosions (equivalent TNT charge mass, 
rounded to nearest 10 g if less than 10 kg and 
to nearest 1 kg otherwise) 

• Very low: 8 g to 210 g 
• Low: 220 g to 2.1 kg 
• medium: 2.11-21 kg 
• high: 22-210 kg 
• Very high: above 210 kg 

Impact pile driver (hammer energy, rounded 
to nearest 10 kJ) 

• Very low: less than 280 kJ 
• Low: 290 kJ-2.80 MJ 
• Medium: 2.81-28 MJ 
• High: above 28 MJ  

 

In the past decade, concern has been raised on how the underwater noise generated by human activities 
affects the marine life since it has been recognized that both continuous and impulsive noise may have a 
negative impact on marine life (2). In order to decrease the environmental impact due to this, it is necessary 
to take measures to mitigate the emission of underwater noise. There are several reports available dealing 
with this issue. The International Maritime Organization (IMO) considered the issue of reducing underwater 
noise pollution from commercial shipping already in 2010 (2), which formed the base of the non-binding IMO 
Guidelines for the reduction of underwater noise from commercial shipping that was presented in 2014 (3) 
(see Table 3). The guidelines aims for commercial vessels. In a report presented by the OSPAR Commission 
in 2014, an inventory of measures to mitigate noise emission was presented (4). The report gives an overview 
of different mitigation options, especially to certain human activities that are considered of prime concern.  
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These are or will be listed in 7 annexes to the OSPAR report: 

o Annex 1: pile driving 
o Annex 2: seismic surveys 
o Annex 3: explosions 
o Annex 4: high frequency (HF) impulsive sources (e.g. echo sounders) 
o Annex 5: dredging 
o Annex 6: sonar 
o Annex 7: shipping 

Annex 1, pile driving, is the only finished annex so far. However, a draft report covering measures and 
techniques to mitigate the impact of seismic surveys was compiled by the Department of Energy & Climate 
Change and presented at an ICG-Noise meeting in January 2016 (5). The report will form the base of Annex 
2 mentioned above. The remaining activities: explosions, HF impulsive sources, dredging, sonar and shipping, 
will be completed in due time. 

In the Baltic Sea, although it is probable that many of the human activities listed in the OSPAR report exists, 
some might not be as widespread as in the North Sea or the Atlantic Ocean (e.g. seismic surveys). These 
activities should anyway be included in this report since future usage might increase and become important.  

Mitigation measures 
As previously mentioned the report by the OSPAR Commission (4) considers the need to mitigate the noise 
generated by different kind of human activities, but has so far only finished Annex 1: piling. This section takes 
into account measures to mitigate shipping, piling and seismic surveys.  

Note that the listed mitigation measures are described in detail in the referenced reports.  

General consideration 
In principle it is possible to reduce the environmental impact of emitted noise by restricting the activities that 
generate noise to certain locations and time periods where and when it is known that sensitive species are 
avoided. General considerations such as this one are listed in Table 2.  

Table 2. General considerations for underwater noise mitigation. 

Activity Mitigation measures 
General considerations (OSPAR 
Commission report (4)) 

 Refraining from applying activities generating harmful noise; 
 Exclusion of noise generating activities for a certain time of the 

year (e.g., prohibition of pile driving in the Dutch part of the North 
Sea within the first 6 month of a year to protect fish larvae from 
being killed [as food basis for protected seabirds], in particular); 

 Restriction of anthropogenic underwater noise to a certain level 
(e.g., limitation of impulsive noise during offshore wind farm 
construction to 160 dB SEL in the German part of the North Sea to 
protect especially harbor porpoises from being injured); 

 Exclusion of noise generating activities from certain areas (e.g., by 
transferring of shipping lanes); 

 Spatio‐temporal exclusion or limitation of noise causing activities 
(e.g. to protect harbor porpoises from disturbance at most 
sensitive time of their life cycle); 

 Usage of alternative techniques with lower sound emissions; 
 Modification of operational state of noise source, e.g., reducing 

ship speed. 
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Shipping 
Underwater noise from ships originates mainly from the propeller of the ship where cavitation occurs. Thus 
reducing the cavitation will largely reduce the emitted noise. However, there are also other considerations 
when it comes to mitigating ship noise. The IMO guidelines (3) lists several mitigation measures either by 
considering the design of the ship or when operating the vessel, and these are presented in Table 3.  

Table 3: Measures to mitigate ship noise 

Activity Mitigation measures 
Shipping (IMO guidelines (3)) Design considerations 

 Ship design where the hull of the ship has influence on the inflow 
of water to the propeller. Hull and propeller design should be 
adapted to each other; 

 Propeller design: should be designed to minimize cavitation by 
optimizing propeller load, enabling uniform water flow, carefully 
selecting propeller characteristics such as diameter, blade 
number, pitch and skew; 

 Hull design: should be designed so that the wake field is as 
homogenous as possible. 

Onboard machinery 
 Select onboard machinery and vibration control measures, proper 

location of equipment and optimize foundation structure; 
 Request information on airborne sound levels; 
 Use of diesel‐electric propulsion so that it is possible to isolate the 

diesel generator; 
 Use of four‐stroke engines instead of two-stroke; 
 Use of vibration isolation mounts where applicable. 

Additional technologies for existing ships 
 Install new propellers; 
 Install wake conditioning devices; 
 Install air injection to the propeller. 

Operational and maintenance considerations 
 Clean the propeller to reduce the surface roughness and thus the 

cavitation; 
 Maintain smooth hull surface; 
 Reduce ship speed if this reduces the noise; 
 Optimize the combination of shaft speed and propeller pitch if a 

decreased speed does not reduce the noise (controllable pitch 
propellers). 
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Pile driving 
In this section measures to mitigate pile driving of off-shore wind turbines as well as alternative low-noise 
foundation concepts are presented as described in Annex 1 in the OSPAR Commission report (4).  

Table 4. Measures to mitigate pile driving 

Activity Mitigation measures 
Pile driving (Annex 1 in the OSPAR 
Commission report (4)) 

 Big bubble curtain (BBC): Freely rising bubbles injected by 
perforated pipes encircling the pipe;  

 Little bubble curtain (LBC) (also Small BC, BC confined and Layered 
BC): Same as BBC but smaller dimension; 

 Isolation casings: Different types, either steel pipe or foam or 
composites or rising bubbles surrounds the pipe; 

 Dewatered cofferdams: Pile is isolated from the water, noise is 
reduced in the airgap between pile and water; 

 Hydro Sound Dampers (Encapsulated bubbles: Small air-filled 
elastic balloons fixed to nets or frames are placed around the pile. 

 
Alternatives to Impact Pile Driving which emit less noise: 

 Vibratory Pile Driving (Vibropiling): Makes piles oscillate at low 
frequency (20 Hz). Can work in combination with impact pile 
driving; 

 Drilled foundations: Instead of impact pile driving, drilling is an 
option;  

 Gravity base foundation: Large box girders with stability from self-
weight of the structure; 

 Floating Wind Turbines: Tethered in different way using suction 
anchors, driven piles or counterweights; 

 Bucket foundations (suction bucket/caisson/can): Founded to the 
seabed using suction pumps. 

 
Additional noise mitigation concepts: 

 High frequency – low energy piling – 90 blows/min instead of 40; 
 Mandrel piles; 
 Slit piles (theoretical approach); 
 Silent pile driving – prolonged pulse duration (theoretical 

approach). 
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Seismic surveys 
Measures to reduce the noise from seismic surveys as well as possible alternatives have been reviewed based 
on available information by the Department of Energy & Climate (5). For a detailed description of each 
mitigation measure, see the report available online (5). 

Table 5 Mitigation measures for seismic surveys 

Activity Mitigation measures 
Seismic surveys (airgun array) (from 
(5)) 

Mitigation during the planning phase 
 Collection of baseline data of the marine species present within 

the area; 
 Avoidance of sensitive areas including/excluding buffer zones; 
 Avoid surveys during sensitive time periods; 
 Consider simultaneous and cumulative impacts; 
 Assess the impact on marine mammals; 
 Determine the size of the exclusion zone (safety/mitigation zone) 

o E.g. border at the 180 dB isopleth; 
o Specified distance such as 500 m; 

 Minimise airgun sound and sound propagation 
o Use lowest practicable volume of the airgun; 
o Reduce high frequency component; 

Mitigation during operations  
 Pre shoot watch during specified time interval (e.g. 60 min); 
 Use acoustic deterrent devices; 
 Soft start (ramp up); 
 Restrict the usage of airguns during line changes; 
 Use marine mammal observers; 
 Define visual monitoring procedures 

o Restrict surveys during night; 
o Determine the range to the animal; 
o Restrict airgun use when sighting an animal; 

 Use passive acoustic monitoring systems; 
 Use active acoustic monitoring; 
 Make aerial surveys before and after the seismic survey; 
 Sound baffling using screens of air bubbles; 
 Mitigation for Other Species; 

Post Survey Measures  
 MMO reports and sharing of data; 
 Post survey monitoring (in areas where baseline data is poor); 
 Impulsive noise monitoring (noise registry); 

Alternatives to seismic  
 Marine Vibroseis / marine vibrators: frequency sweep between 5-

90 Hz; 
 “Teles” – a Marine Siren; 
 Low-frequency Acoustic Sources; 
 Deep-towed Acoustic/Geophysical System; 
 Low Impact Seismic Array; 
 Underwater Tuneable Organ-pipe; 
 Electromagnetic Surveys; 
 Gravity and Gravity Gradiometry; 
 Shear Wave Generators. 
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Survey by HELCOM countries 
This section contains a survey to be filled in by HELCOM countries indicating which of the listed measures are 
nationally implemented, or planned to be and also measures that have the potential to be implemented in 
the future. The measures already listed in the table are the ones found in the referenced reports (3) (4) (5); 
if other measures not listed here have been applied, please write them down either in the table or supply it 
as a separate document. The colored areas are to be filled in by HELCOM countries. 

Nation  
Measures 

Describe type 

Limits on 
maximum level 

Yes/ No 
If yes, specify 

Status April 2016 
(implemented/ 
planned 20xx / 

potential measures) 

 
Fill in 

General considerations 
 

 Refraining from applying activities  
 Exclusion of noise generating 

activities for a certain time period  
 Restriction of anthropogenic 

underwater noise to a certain level  
 Exclusion of noise generating 

activities from certain areas (e.g., by 
transferring of shipping lanes); 

 Spatio‐temporal exclusion or 
limitation of noise causing activities  

 Usage of alternative techniques 
 Modification of operational state of 

noise source, e.g., reducing ship 
speed. 

Other 
 Fill in 

 

  
 

  
 

Shipping 
 

Design considerations 
 Ship design  
 Propeller design 
 Hull design 

Onboard machinery 
 Onboard machinery and vibration 

control measures,  
 Request information on airborne 

sound levels  
 Use of diesel‐electric propulsion  
 Use of four‐stroke engines  
 Use of vibration isolation mounts  

Additional technologies for existing ships 
 Install new propellers 
 Install wake conditioning devices 
 Install air injection to the propeller 

Operational and maintenance 
considerations  

 Clean the propeller  
 Maintain smooth hull surface 
 Reduce ship speed  
 Optimize the combination of shaft 

speed and propeller pitch  

Other  
 Fill in 
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Pile driving 
 

 Big bubble curtain (BBC) 
 Little bubble curtain (LBC) 
 Isolation casings 
 Dewatered cofferdams 
 Hydro Sound Dampers  

 
Alternatives to Impact Pile Driving which 
emits less noise: 

 Vibratory Pile Driving (Vibropiling) 
 Drilled foundations 
 Gravity base foundation 
 Floating Wind Turbines  
 Bucket foundations  

 
Additional noise mitigation concepts: 

 High frequency – low energy piling  
 Mandrel piles   
 Slit piles  
 Silent pile driving – prolonged pulse 

duration  
Other  

 Fill in 
 

  
 

  
 

Seismic surveys 
 

Mitigation during the planning phase 
 Avoidance of sensitive areas  
 Avoid surveys during sensitive time 

periods 
 Consider simultaneous and 

cumulative impacts  
 Assess the impact on marine 

mammals 
 Determine the size of the exclusion 

zone (safety/mitigation zone) 
 Minimise airgun sound and sound 

propagation  
Mitigation during operations  

 Pre shoot watch during specified 
time interval (e.g. 60 min) 

 Use acoustic deterrent devices  
 Soft start (ramp up) 
 Restrict the usage of airguns during 

line changes  
 Use marine mammal observers  
 Define visual monitoring procedures 
 Use passive acoustic monitoring 

systems 
 Use active acoustic monitoring  
 Make aerial surveys before and 

after the seismic survey 
 Sound baffling using screens of air 

bubbles 
 Mitigation for Other Species  

Post Survey Measures  
 MMO reports and sharing of data  
 Post survey monitoring (in areas 

where baseline data is poor) 
 Impulsive noise monitoring (noise 

registry) 
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Alternatives to seismic  
 Marine Vibroseis / marine vibrators 
 “Teles” – a Marine Siren  
 Low-frequency Acoustic Sources  
 Deep-towed Acoustic/Geophysical 

System  
 Low Impact Seismic Array  
 Underwater Tuneable Organ-pipe  
 Electromagnetic Surveys  
 Gravity and Gravity Gradiometry  
 Shear Wave Generators 

Other 
 Fill in 

 
Explosions  Fill in 

 
  
 

  
 

HF impulsive sources (echo 
sounders) 

 Fill in 
 

  
 

  
 

Dredging  Fill in 
 

  
 

  
 

Sonar  Fill in 
 

  
 

  
 

Other  Fill in 
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