
Introduction

Assessment of mitigation measures

AQUO has just entered into the 3rd year and new results have been achieved along the path established at the beginning of the 
project. In particular this newsletter will report about the recent key achievements in the assessment of noise mitigation measures, in 
the study of fish reactions to noise and in experimental and numerical predictions of propeller noise.

AQUO Project was built in response to the European call 
“Assessment and mitigation of noise impacts of the maritime 
transport on the marine environment” under the theme 
“Transport” of the FP7-SST-2012-RTD-1 research program. Its 
main objective is to provide policy makers and stakeholders of 
the maritime domain with practical guidelines, in order to 
mitigate underwater noise impacts of shipping to marine life. 
The selection of the recommended mitigation measures for the 
guidelines is a delicate matter for different reasons:

 they must have the best potential for the protection of marine 
life,

 they must be practically applicable by ship industry 
regarding ship design,

 they must be practically applicable by end-users regarding 
ship operation or ship traffic control.

The mitigation measures under consideration are of different 
types, aiming at:

 reduction of ship radiated noise through improvement of ship 
design:

 reduction of machinery noise and vibration
 reduction of propeller noise, such as increase of cavitation 

inception speed, optimization of propeller design, use of 
wake control devices

 shipping management applied to a particular ship: speed 
reduction, track change, propulsion plant settings,

 shipping management applied at ship control level, for 
example ships concentration or optimization of distance 
between vessels in a given sensitive maritime area.

To meet this challenge, AQUO Project has implemented from 
the beginning to the end of the project a methodology and a 
specific organisation in technical work packages with a logical 
flow of information and results between the tasks. This is in 
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particular reflected in the organisation of WP5, the work 
package dedicated to the derivation of guidelines, as shown in 
the figure.
Following this approach, the efficiency of different mitigation 
measures can be assessed through three criteria: the intrinsic 
reduction of ship radiated noise level (which is a physical 
quantity measurable with standards), the fuel efficiency, which 
must be kept at the highest possible level, and the impact on 
marine life. The noise footprint assessment model, built and 
validated in the scope of AQUO project, is a key element for that 
purpose and will be used on three reference scenarios 
representative of ship traffic in European maritime areas. In 
summary, the methodology followed in AQUO project is able to 
select the most efficient mitigation measure thanks to a clear 
justification.

Comprehensive listing of possible 
improvement solutions and mitigation 

measures

Synthesis and production of 
Practical Guidelines

Use of the noise footprint assessment model
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solutions regarding 
reduction of ship 

URN

Assessment of 
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efficiency
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The WP5 flow chart for the derivation of mitigation measures 
guidelines.



Fishes' reaction to ship noise
Fish has been shown to react to approaching ship to various 
extents. There is need for more information on what levels fish 
are reacting to and at the scale of reaction. In Sub Task 4.2.1 FOI 
and collaborates investigates this in an experiment on the 
Swedish west coast. The project studies the more large scale 
effect on fish from a ship passing an area. Will the fish move out 
of the area i.e. waiting energy in order to escape the noise or not 
and can we register a sound level when this escape occurs?
In September 2013, 40 juvenile and adult cod (Gadus morhua) 
were equipped with internal acoustical tags transmitting a 69 
kHz code with information on identity and current depth of the 
fish (Fig 1). Receivers on the sea floor monitored the movement 
of the fish for four weeks. During a three day period, a Swedish 
Coast guard ship, 52 m long, 6 m wide, 948 tons, (Fig 2) cruising 
at 10 knots passed the area numerous times in a predefined 
schedule. Autonomous hydrophone loggers were also deployed 
at several positions to record the induced noise from the passing 
ship and ambient noise.
Out of the 40 tagged cod, the receivers picked up enough data 
from 25 fish in order to make a more detailed analysis. 
Preliminary results show that about 30 % of the cods responded 
to the ship noise with a clearly altered behavior, however in a 
very individual way. It could be a horizontal movement or a 
vertical one, but most of the time a combination of the two. No 
fish reacted in a large scale, i.e. swimming away several hundred 
meters to avoid the sound. It was more of the scale of less than 
100 m. The disturbance effect was not long lasting for each ship 
passage, but an overall change in usage of their home area was 
noted when comparing the three days of disturbance with days 

before and after without induced ship noise. The estimated 
source level of the KBV 032 was very high, around 200 dB re 1 
µPa at 1 m as the ship was running on a not optimal setting 
creating a lot of cavitation. There are still some analysis to be 
done, for example linking fish reactions to estimated received 
levels and more detailed analysis of movement. In summary, the 
cod in this area did not respond in a large scale movement when 
they were subjected to sound ship noise which it was 
hypothesized. The study will further look at explanations and 
comparative studies to try to explain this. Data before and after 
the acoustic disturbance showed that the resident cod in the area 
is very stationary and it could mean that they are unwilling to 
move away even if they are disturbed by a passing ship.

Autonomous hydrophone loggers used in the AQUO 
experiment. They can record sound continuously for several 
weeks. Photo: Mathias Andersson.

A cod (Gadus morhua) that is released after being tagged with 
an internal acoustic tag. Photo: Ingvar Lagenfelt.

The ship KBV032 cruising at 10 knots through the 
experimental area containing tagged cod. Photo:Peter Sigray.



Numerical predictions of propeller noise
Task 2.2 is devoted to the development and the application of 
numerical approaches for the prediction of water radiated noise 
by ships. One of the main noise source in water is represented, as 
a matter of fact, by the propeller operating  in unsteady flows in 
cavitating conditions.. The numerical activities carried out in 
this Task were aimed at predicting and characterizing  these 
hydrodynamic phenomena. The University of Genoa, the 
University of Strathclyde, SSPA Sweden and the Canal of 
Experiencias Hidrodinamicas (CEHIPAR) collaborated to 
develop a numerical workflow to cover the aspects related to the 
prediction of radiated propeller noise. From ship hull drag to 
unsteady propeller performances, a series of state-of-the- art 
tools were employed:

 RANS for the prediction of hull resistance, model/full scale 
nominal wakes on the propeller plane, propellers open water 
and unsteady behaviour,

 BEM for the prediction of propeller performances, unsteady 
cavitation and induced pressure on the hull,

 coupled BEM/RANS approaches for the prediction of ship 
self-propulsion coefficient and effective wakes,

DDES (top, SSPA) and LES (bottom, UNIGE) calculations 
of vorticity field around the propeller.

Predicted vs. measured radiated noise.

 RANS and DDES with the Ffowcs-Williams & Hawkings 
acoustic analogy for the prediction of the radiated noise of 
non cavitating and cavitating propeller behind the hull,

 LES solvers for the characterization of the instantaneous 
propeller vorticity field.

All these tools were extensively validated through the dedicated 
experimental campaign carried out in Task 2.3.
Numerical results were, in general, accurate and encouraging. In 
particular it was shown that, for a reliable prediction of pressure 
pulses and radiated noise, an exhaustive and integrated analysis 
of the flow on the propeller was necessary, that cannot ignore the 
prediction of the self-propulsion point and, in turn, of the hull 
resistance and the effective wake.

Predicted and measured pressure pulses.
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Experimental predictions of propeller noise
Part of the activities carried out in WP2 are devoted to propeller 
radiated noise characterization in model scale. In particular, 
Task 2.3 is specifically devoted to the experimental validation in 
model scale of the predictive methods developed in Task 2.2. 
This activity includes different types of surveys  i.e. the 
measurement of the velocity field at the propeller, the 
observation of cavitation patterns on the blades and the 
measurement of noise radiated by the operating propeller; all 
these activities have been carried out considering both stationary 
(open water propeller) and non stationary (propeller behind 
ship) working conditions. 
Experimental campaigns have been carried out in the facilities of 
CEHIPAR, SSPA and UNIGE, studying two ships, a research 
vessel  (R/V)and a Product/chemical tanker(M/T) .
As preliminary activities, in both cases resistance and self 
propulsion tests, plus wake measurement have been carried out 
at towing tank (at CEHIPAR for the R/V  and SSPA for the 
M/T), while cavitation tunnel activities have been carried out in 
two facilities for each ship (CEHIPAR/UNIGE for R/V and 
SSPA/UNIGE for M/T), allowing to compare results in 
different size facilities and with different procedures for ship 
wake reproduction. In particular, tests at CEHIPAR and 
UNIGE have been carried out with propeller behind wake 
screens, while tests at SSPA have been carried out with propeller 
behind the whole ship model. Moreover, a comparison between 
different measurements in model scale and between 
measurements in model and full scale are also used in order to 
check both the dependency of results on the  facility adopted and 
the capability of predicting radiated noise in full scale from 
model tests, analyzing the problems which may arise during the Observed cavity extension for the M/T propeller. Wake screen 

and cavity extension (UNIGE facility).

Measured noise (model and full scale).Propeller behind hull inside the cavitation tunnel. SSPA 
facility.

experimental campaigns. An example of the cavitation 
observations carried out for the M/T in the two facilities and the 
resultant measured noise (already transferred in full scale) is 
reported in the figure, showing a good agreement.

Observed cavity extension for the M/T propeller. Model scale 
(SSPA facility, on the left) and full scale (on the right).



List of Pubblications at Conferences
167th Meeting of the Acoustical Society of America – Providence – May 2014: European project for achieving quieter oceans by 
shipping noise footprint reduction. Christian Audoly, Celine Rousset

MAST Eurasia – Istanbul – May 2014: AQUO European Collaborative Project – Mitigation measures for underwater noise 
shipping noise footprint and impact on marine life. Christian Audoly, Céline Rousset, Thomas Folegot, Michel André, Eric Baudin, 
Lanfranco Benedetti

2nd Int. Conference and Exhibition on Underwater Acoustics – Rhodes – June 2014: Influence of ship radiated noise level 
directivity on the assessment of underwater noise maps. Thomas Leissing, Christian Audoly, Céline Rousset

112ème Conférence ATMA (Association Technique Maritime et Aéronautique) – Paris –May 2014: Le projet européen AQUO : 
recherche de solutions pour réduire l'impact sur la faune du bruit sous-marin généré par le trafic maritime. Christian Audoly, Céline 
Rousset, Eric Baudin

33rd OMAE Conference – San Francisco – June 2014: Noise footprint: A proposal within the framework of FP7 AQUO project to 
define a goal based approach towards the reduction of underwater radiated noise from shipping. Eric Baudin, Thomas Folegot, 
Michel André, Christian Audoly, Enrico Rizzuto, Lanfranco Benedetti

21st Int. Congress on Sound and Vibration – Beijing – July 2014 : Experimental analysis of the influence of ship wake scaling on 
marine propeller radiated noise and pressure pulses. Michele Viviani, Giorgio Tani, Enrico Rizzuto

Forum Acusticum – Krakow – September 2014: 

EU AQUO FP7 Project - Achieve QUieter Oceans by shipping noise footprint reduction. Céline Rousset, Christian Audoly, 
Thomas Folegot, Raul Salinas

Underwater Noise measurements in Shallow Waters. Mateusz Weryk

MARTECH – Lisbon – October 2014: Experimental and numerical investigations for modelling propeller cavitation noise. Stefano 
Gaggero, Tomaso Gaggero, Enrico Rizzuto, Giorgio Tani, Diego Villa, Michele Viviani (UNIGE), Enrique Haimov (CEHIPAR), 
Jan Hallander (SSPA)

Internoise – Melbourne – November 2014: AQUO Project – Modelling of ships as noise source for use in an underwater noise 
footprint assessment tool. Christian Audoly; Céline Rousset; Thomas Leissing
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11-15 May 201511-15 May 2015: OCEANOISE2015 conference, Vilanova i la Geltrù, Spain 
18-21 May 201518-21 May 2015: OCEANS'15 conference, Genova, Italy 
March 2014March 2014: 5th AQUO Progress Meeting

Forthcoming Events

11-15 May 2015: OCEANOISE2015 conference, Vilanova i la Geltrù, Spain 
18-21 May 2015: OCEANS'15 conference, Genova, Italy 
March 2014: 5th AQUO Progress Meeting
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