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Undrewater noise (continuous and impulsive)

Continuous noise: maritime transport (merchant, passenger, fishing 
and military ships and recreational vessels), construction activity 
(deepening of the seabed with an excavation dredger, drilling piles 
into the seabed) and industrial activity (operating oil rigs and offshore 
wind farms).

Density of cargo ships in the 

Mediterranean sea in 2017 

(Emodnet data)



Undrewater noise (continuous and impulsive)

Impulsive noise: pile driving (for construction of docks, oil rings, foundations for 
windfarms), use of low- and mid-frequency sonars, seismic exploration (use of air 
guns), explosions, acoustic deterrents.

Impulsive noise hot spots in the

Mediterranean sea. Important

cetacean habitats are marked on the map

(Maglio et al., 2016).



Mitigation measures for 
the reduction of underwater noise from shipping

1) Mitigation measures used in design of the ship (propeller and hull design)

- Mitigation measures used in propeller design

- Mitigation measures used in hull design

2) Mitigation measures used in design, selection and installation of on board machinery

- Mitigation measures used in the selection of on board machinery

- Mitigation measures used in the selection of location, where machinery is installed in the ship hull

- Mitigation measures to control vibrations and optimization of foundations

3) Mitigation measures based on the use of additional technologies on existing ships

- Design and installation of new state-of-the-art propellers

- Installation of wake conditioning devices

- Installation of air injection to propeller

4) Mitigation measures used in ship operation and maintenance

- Cleaning of propeller

- Maintenance of the ship hull surface

- Operational mitigation measures – selection of the proper speed

- Re-direction and operational measures for reduction of harmful effects on marine organisms



Mitigation measures for 
the reduction of underwater noise from shipping

1) Mitigation measures used in design of the ship

- Mitigation measures used in propeller design

- Mitigation measures used in hull design



Mitigation measures for the reduction of underwater noise 
from shipping: propeller design

Propeller design affects underwater radiated noise through the following factors:

-Number of propellers: distribution of the thrust over more than one propeller can reduce propeller
loading and cavitation. Moreover, the wake flow into the propeller can be more uniform if the propellers
are placed off the centre line of the vessel.

-Fixed or Controllable pitch: propeller blades can have fixed blade angles (fixed pitch) or adjustable
blade angles (controllable pitch). Pitch control enables adjusting the thrust (and hence ship speed)
independent of the rate of rotation (rpm). Consequently, reducing the speed of a ship equipped with
controllable pitch propellers does not necessarily result in a radiated noise reduction. When the shaft
speed can be controlled as well, the combination of shaft speed and propeller pitch can potentially be
optimized with respect to cavitation performance and noise.

-Number of blades, blade area and shape (pitch and skew): no general guidelines can be given for these
design parameters, since they need to be optimized against multiple requirements. However, it is
advised to include cavitation behavior and noise control as essential boundary conditions for the design
process.



Mitigation measures for the reduction of underwater noise 
from shipping: propeller design

Propeller design affects underwater radiated noise through the following factors:

-Hub: hub cavitation should be avoided using technical solutions, such as propeller boss cap fins.

-Azimuth thrusters: marine propellers can be placed before or after underwater pods that can be
rotated to any horizontal angle (azimuth), increasing manoeuvrability and making a rudder unnecessary.
A (diesel or diesel-electric) motor can either be inside the ship and connected to the outboard unit by
gearing (L- or Z-drive), or the motor may be diesel or diesel-electric. Depending on the shaft
arrangement, an electric motor is fitted in the pod itself. (‘podded propulsion’). This drive type allows for
a more uniform inflow into the propeller, leading to improved cavitation behavior, at the cost of a more
direct connection between the motor and the water, leading to higher machinery noise radiation.

-Air injection: can be used for either reducing propeller cavitation by air injection directly into the
cavitating region, or attenuating noise radiation by generating an isolating bubble curtain around the
propeller and its downstream flow.



Solutions
in propeller design

ACCOBAMS proposed the following technologies for reduction of propeller cavitation:

• Schneekluth duct – device installed on the hull of the ship

in order to improve the flow on the upper part of the propeller and decrease cavitation;

• Becker Mewis Duct – a duct positioned

in front of the propeller along with an integrated fin system;

• Propeller boss cap fins – improves the propeller

performance characteristics via minimising the hub vortex

and resultant rudder cavitation;

• EnergoProFin (Wartsila) – an energy saving propeller cap with fins that rotate together with the propeller;

• ECO-Cap (Nakashima) – propeller cap for propeller hub reduction.



Solutions
in propeller design

Optimal propeller with regard to underwater noise reduction cannot always be
employed due to technical or geometrical constraints (e.g. icestrengthening of the
propeller). It is also acknowledged that design principles for cavitation reduction (i.e.
reduce pitch at the blade tips) can cause decrease of efficiency.



Mitigation measures for the reduction of 
underwater noise from shipping: in hull design

Uneven or non-homogeneous wake fields are known to increase cavitation. Therefore, the ship hull form with its
appendages should be designed such that the wake field is as homogeneous as possible. This will reduce cavitation
as the propeller operates in the wake field generated by the ship hull.

Hull design affects underwater radiated noise through the following factors:

• Resistance: optimization of the hull form and the application of anti-fouling and low-friction coatings, for
reduced resistance will reduce the required propulsion power at the same speed, which will generally lead to
reduced propulsion noise (less propeller cavitation). Reduced resistance is also beneficial for energy efficiency
and reduces emission of greenhouse gases.

• Wake field: optimization of the hull form with its appendages such that the wake field (in the propeller plane)
is as homogeneous as possible, which will reduce propeller cavitation. Various technical solutions (fins, ducts)
to improve the inflow into the propeller are proposed as propulsion improving devices, since these are
generally beneficial for energy efficiency as well.

• Structure: optimization of the hull structure (mass, stiffness and damping) can potentially reduce the
underwater radiation of structure-borne and air-borne machinery noise. Only relevant when machinery noise
exceeds propeller noise.



Mitigation measures for the reduction of 
underwater noise from shipping: in hull design

Hull design affects underwater radiated noise through the following factors:

• Hull treatments: air emission systems can be installed to reduce resistance (air lubrication), which
likely reduce machinery noise radiation as well (decoupling the vibrating hull from the surrounding
water). Decoupling can also be achieved by application of a flexible hull coating (de Jong, 2002).
Such decoupling techniques are used on naval vessels (submarines as well as surface ships) with
stringent acoustic signature requirements.

• Appendages and openings (sea chests): improper design of appendages and hull openings (e.g. for
cooling water intake) can lead to local cavitation or flow induced noise.

Consideration can be given to the investigation of structural optimization to reduce the excitation
response and the transmission of structure-borne noise to the hull.



Mitigation measures for the reduction of 
underwater noise from shipping

2) Mitigation measures used in design, selection and installation of on board

machinery

- Mitigation measures used

in selection of on board machinery

- Mitigation measures used

in selection of location, where machinery

is installed in the ship hull

- Mitigation measures to control

vibrations and optimization of foundations



Mitigation measures for the reduction of 
underwater noise from shipping

3) Mitigation measures based on the use of additional technologies on

existing ships

The following technologies are known to contribute to noise reduction for existing
ships:

• design and installation of new state-of-the-art propellers; 

• installation of wake conditioning devices; 

• installation of air injection to propeller.



Mitigation measures for the reduction of 
underwater noise from shipping

4) Mitigation measures used in ship operation and maintenance

- cleaning of propeller

- maintenance of the ship hull surface

- Operational mitigation measures:

selection of the proper speed

- Re-direction and operational measures for reduction of

harmful effects on marine organisms



Mitigation measures for the reduction of 
underwater noise from shipping

Measures to reduce propulsion power and propeller thrust loading are beneficial for energy efficiency,

emission reduction and underwater radiated noise reduction.

Measures to optimize hull design and execute regular maintenance, aimed at reducing hull resistance,

are effective for reduced emissions and underwater noise.

Design measures to reduce propeller cavitation are effective for underwater radiated noise reduction. In

particular, the hull and propeller need to be designed together, as a unit, such that a uniform wake field

is created to reduce propeller cavitation. To some extent these will also increase energy efficiency, and

reduce emissions.

Speed limits (‘slow steaming’) have a potential to be effective to control shipping underwater noise as

well as energy efficiency and emission reduction, but different ship types have different optimum

speeds and not all ship types can slow down to the same extent.



Mitigation measures for 
the reduction of impulsive underwater noise

1) Mitigation measures to be used for pile driving

2) Mitigation measures to be used in seismic explorations

3) Mitigation measures to be used for explosive use

4) Mitigation measures to be used for sonar use



Mitigation measures for impulsive noise

Mitigation measures to be used for pile driving: 



Noise mitigation technologies

Real time mitigation measures



Mitigation measures for impulsive noise

Mitigation measures to be used in seismic exploration: 



Mitigation measures for impulsive noise

Mitigation measures to be used for explosive use: 



Mitigation measures for impulsive noise

Mitigation measures to be used for sonar use: 



Noise mitigation technologies



Noise mitigation technologies



Noise mitigation technologies



Noise mitigation technologies



Conclusion: A need to connect science and industry 



Thank you!


