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Executive Summary

Consulting Service No.1 explored the possibilities for improving the environmental performance of
river cruising related to on-board wastewater treatment. ES-TRIN (Technical Requirements for Inland
Navigation Vessels) sets out technical requirements for on-board sewage treatment plants, including
limit values for the outflow and conditions for type-approval of such plants.

Danubia Kreuzfahrten GmbH decided early-on to voluntarily equip their growing fleet of river cruise
vessels with on-board sewage treatment plants even before harmonised European technical
requirements entered into force. The main points examined through this consulting exploration
related to the older cruise ships are:

e whether it is technically possible and economically feasible to install up-to-date on-board
sewage treatment plants on those vessels which are so far equipped with collection tanks, and

e whether it is technically possible and economically feasible to upgrade existing on-board
sewage treatment plants to current outflow emission standards.

Lot 1 - Technical study on installation of new on-board sewage treatment plants

The dominant developments regarding the on-board sewage treatment systems are the Moving Bed
Biofilm Reactor (MBBR) and the Membrane Bioreactor (MBR). Both technologies are based on two
steps, waste conversion and separation.

Pureblue Water completed a technical feasibility study based on the MBBR technology for the model
vessel Amadeus Rhapsody, which is a vessel equipped only with collection tanks. The main limitations,
in the case of this type of vessels, arise because of the lack of space on-board. This investigation focused
on all the possible options for the installation of a new MBBR sewage treatment system despite the
space constraints. The most technically possible plan, that can ensure the ES-TRIN effluent standards,
includes the use of existing vessel tanks (bioreactor, sludge tank, emergency tank) and the addition of
extra equipment e.g. vacuum system, DAF unit, grease separator and air treatment.

The upgrade does not only improve the environmental performance of the vessel but also the financial
one. The total annual operational costs can be decreased up to 70%.

Lot 2 - Technical study on upgrade of existing on-board sewage treatment plants

The conversion of the old sewage treatment plants to advanced sewage systems was studied in Lot 2.
The main obstacle of these cases is their low BOD removal efficiency which results to high effluent
values. In order to overcome this issue and reach the effluent standards, the amount of bacteria per m3
needs to be increased. This is possible to be achieved by introducing the MBBR technology. A number
of mechanical and electrical works have to be implemented and a few new equipment to be installed
e.g. DAF unit, grease separator and air treatment, to achieve the upgrade of the existing unit.

The question arisen, when it comes to the financial feasibility of these cases, is what would be the best
to choose. The CAPEX costs of an existing sewage plant upgrade and the ones of a brand new sewage
treatment unit differ slightly.

Lessons learned through the present consulting service/investigation

= Old type sewage treatment plants are designed based on old parameters and for 50% of the
real pollution levels. Therefore, they do not function properly, effluent is still polluted and the
units get blocked rapidly. Finally, the units need to be shut down regularly.

= Due to the high loads, the unit capacity needs to be 100% higher. This implies that most
probably the floorspace of the old unit will not be sufficient. Either you need more space
(room) or you will need more treatment capacity per m2.

» The galley and laundry processes influence the performance of the sewage treatment plant

Project co-funded by European Union Funds (ERDF, [PA) Output 4.1 Innovative & greening inland vessel concepts
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substantially. Proper treatment of these streams is highly needed.

= Food compactors increase the load substantially and overload the sewage plants.

= (Cleaning agents influence the performance of sewage plant significantly. The use of chlorine is
prohibited.

= Water treatment is too complex for engineers and they need backup from professionals.

= Biological processes are sustainable if chemicals are avoided. Sludge valorisation is
recommended.

= Membrane systems are more complex, consume more energy, produce more sludge, have a
higher operational demand. The annual maintenance costs are higher in comparison to the
MBBR systems. Thus, they are not the most environmentally friendly choice.

= Buffer tanks increase the total weight of the ship which affects the fuel consumption.

The key elements for the future on-board sewage treatment systems are related to higher hydraulic
and pollution capacities, smaller footprint, lower water consumption, operational and maintenance
simplicity, limited sludge production, data normalisation and sustainability.

Project co-funded by European Union Funds (ERDF, [PA) Output 4.1 Innovative & greening inland vessel concepts
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Annex 1.

Development of innovative and greening
iInland vessel concepts

On-Board Sewage Treatment

Extensive version of the first part of the presentation held by
Radu Comanici (DANUBIA) at the GRENDEL Final Event on
29 October 2020

| |
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Scope of work )

\S
General:

Transitional provisions of ES-TRIN (Chapter 32) in general grant continuous use of on-
board treatment plants installed before the entering into force of harmonised European
legislation.

Detail:

« whether it is technically possible and economically feasible to install up-to-date on-board
sewage treatment plants on those vessels which are so far equipped with collection
tanks;

« whether it is technically possible and economically feasible to upgrade existing on-board
sewage treatment plants to current outflow emission standards.
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General information wastewater disposal to shore @‘

Black & grey water Galley Laundry
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General information wastewater On-board treatment/’\\\

NS

Black & grey water Galley Laundry

0 _w =1 i r

station

Waste water treatment

L

@

-
A

iosludge Air treatment

Clean Water ! !. B
- City sludge
'-Q. o Lreatment

facility

o

&
il u.er rcy &=
Danube Tra tonIPogamme —
Project co-funded by European Union Funds (ERDF, IPA)




General information wastewater On-board treatmefi\
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STEP 1. Waste conversion

Biomass + perfect conditions
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General information wastewater On-board treatme&:
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STEP 2. Separation
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General information wastewater On-board treatme
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Possibilities

Step 1. Conversion
1. Biomass in suspension MBR
2. Biomass on moving carriers MBBR

Step 2. Separation
1. Separation by membranes MBR
2. Separation by flotation MBBR
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Carrier MBBR INNOPACK**

eparation of water and sludg

[\[e} Yes
Flotation separation Membranes

No clogging possible Vulnerable to clogging & blockage
Free flow throughout the unit with high loads of COD, oil, fat, grease, solids
No physical barrier Membrane = physical barrier
Automated control and cleaning of DAF System Regular cleaning and operator knowledge necessary

Pre-screening needed?
N ves

Storage/disposal for
pre-screened waste

Grease Trap needed?

Optional:
to protect long pipe lines
or make WWTP smaller

20 | of waste per day 500-2000 | waste per day
Clean In Plac
N ] ves

Treatable waste water
Galley water: optional, for compact reactor design Galley water: if screened and grease is removed

Black water: direct Black water: if screened
Grey water: direct Grey water: if screened
Laundry water: direct Laundry water: if screened

. Reason:
Reason: Innopack* not susceptible to blockage .
susceptible to blockages
Bio-technology

Biofilm on carrier material Suspended biomass (Active Sludge)

More active biomass Less active Biomass on-board

storage/disposal needed

Yes
to prevent membrane clogging

Less y consumpti Higher energy consumption
Better oxygen sfer Lower oxygen transfer

No recirculation Needs recirculation
No consumables Every 3-4 years cost for new membranes

Waste Sludge

3 -5 times less concentrated =
more sludge volume

less storage required more storage required (at least 3 times more)

Yearly start-up / shut do
No CIP Yearly CIP and costs
Direct start after inter-season break Gradual start-up
No operator time needed Service time

3 - 5 times more concentrated = lower waste sludge volume = lower disposal cost




General information wastewater On-board treatme@\

/ Biomass
Conversion with
moving carriers
/ Air treatment

Separation
by flotation
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Assessment Amadeus Brabant

Vessel of Lot 1. Typical situation: Sewage treatment on-board.

Location: Budapest

Date: 17th of September

Attended: R. Comanici, A. de Mul, C. Mijnders
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Inspection report 17-9-2019 \\?

Type of vessel: Treatment of wastewater On-board.

Type: EVAC 2005 4 tank biological conversion with biomass in suspension
Separation by gravity.

Collection: Vacuum system
Grease separation of galley water: Yes

Airtreatment: yes

B
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Inspection report 17-9-2019

“)

HILCIICTY -

Danube Transnational Programme

I
Project co-funded by European Union Funds (ERDF, IPA)

12



Biomass and reject water

Biomass in suspension Reject water to river
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Overview EVAC System
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Solution to upgrade existing unit
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Extra EQT in hull

Enhance tanks to
volume needed

Status
Vacumsystem Exchange for new
okay type

yes

Use existing
vacumsystem
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Sludge

Sludgetank > Extra hulltank needed

Use existing sludge
tank

Grease

Install new grease

separator or collect

the galley water in
sludge tank

Grease
separator
installed

Grease
separator
okay?

Galleywater to unit

el N

Location separator
Power supply

Air outlet

Planning
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Solution to upgrade existing unit @‘

INNOPACK**

MARINE

Air off ship (vent)
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l V 2", =y
1z v S gB) .,
Flotation
==

_J @ ° @: ° System Uﬂ%

i
' ] . =8 ° >
o Hydraulic Buffer Aeration Tani .

QS/ r \
\ / et l@ ? EIEILH—D——T
= |

Tank has to be adjusted to create an Aeration Tank
for the biological treatment of the InnoPack++ Marine (SEWAGE)

Not in scope

Effluent off ship

Current vacuum & sewage system (Tank)

@) Sludge

v

DB 2 - FECALIEN

------ i _ m—




Solution to upgrade existing unit @ |

Cost reduction for revamping by avoiding the hull.
No need for a perfect new installation on board.
Sustainable.

Fast and easy

a kM 0N PE

Extending investments in the vessel for multiple years, keep the ship in the

certification in the right way

o

Extended functionalities like PureControl possible.

7. Professional company behind the technology and service.

o
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How?

©y

1. Projectmanagement in one hand, one stop shop

«  PureBlue arranges assessment of the ship
« Design of installation

«  Delivery of equipment

*  Mechanical works on the vessel

«  Electrical works on the vessel

« Start-up

«  Certification

2. Pricing strategy
 Fixed

3. Planning

« 2-4 weeks even in free moments during season.

4. Maintenance contract
e bSyears

)
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Assessment Amadeus Rhapsody

Vessel of Lot 1. Typical situation: Collection of wastewater and disposal to shore.

©y

Location: Budapest

Date: 18th of September
Attended: R. Comanici, P. Persch, A. de Mul, C. Mijnders
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Inspection report 18-9-2019 )
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Type of vessel: Collection of wastewater and dispose to shore.
Collection: Vacuum system
Grease separation of galley water: Yes

Airtreatment: No

Storage wastewater in DB 2: Feacalien tank in the front of the ship. volume: 115 m3

Storage of wastewater in WT 9: Feacalien tank of vacuum system. Volume 7,5 m3

Y

=)

(@

interreg H

Danube Transnational Programme —— S
Project co-funded by European Union Funds (ERDF, IPA) 21



Assessment with 3 D scanner N\
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Possible solution

=\

\ \
Vacuum Piping @@
A Arr Air off ship (vent)

——————————— Ly ——

Aeration Tank Sludge Tank

Emergency Tank

Flotation

System Effluent off ship

Q Sludge

@

Aeration
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Possible solution @‘

PUMP ROOM

Sludge
storage

........

Conversion

HYDROPHQORE ROOM

separation

(@ D)
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Figure 6: Pre-design.

Figure 7: Close view of the tanks and equipment arrangement.
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Financial evaluation

Change in annual operational costs due to changed discharge cycles in comparison to
collection tank

319.550

f € 150.000 € 50.000 ! (treatment tanks)

157 years 15! years

‘€ 31.303 ¢ per year € 3.333 | per year

_____________________________________ i€ 15.000 ! per year € 2.500 | per year (cleaning)
246 7 m3 sludge per year € =
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ A2 25 | per m3 € =
: € 6.159 @ per year € =

8.213 | per year
€ 20 | per m3
€ 164.250 ! per year

per year

D)

IR

“interreg M

Danube Transnational Programme ——
GRENDEL Project co-funded by European Union Funds (ERDF, IPA) 29

\kg

(¢




Lessons learned.
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N
CAPACITY OF WASTEWATER INFLUENCES OF DIFFERENT
TREATMENT AND THE LOADING PROCESSES ON BOARD

PATTERNS
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Main facts \\?

Wishlist key elements of the Future Wastewater Treatment

 Capable to treat > 70 kg COD per day

« Capable to treat > 35 m3 water per day

* Footprint of max. 15 m2 (typical for the old installations)
« Maximum volume of water on board of 14 m3 (in installation and incl. buffer)
« [Easy to operate, no specialists needed on board

« Easy to maintain, no tank cleanings in wintertime

* Interactive with grease separator

* No pre-treatment and buffering

 Low sludge production

« Online accessible for contact with experts

« Sustainable treatment ad green label

 No operational implications during winterstop

« Effluent of the unit must be always good.

)
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Lessons learned @‘

Old type sewage treatment plants are designed on old parameters and for half of the real pollution. Because
of that reason the do not function well, effluent is still polluted and the unit will be blocked rapidly. That’s the
reason to shut down the unit;

Due to the high incidental loads during the day the capacity needs to be 100% higher. This implies that most
of the times the floorspace of the old unit will not be big enough. Either you need more space (room) or you
will need more treatment capacity per m?;

Processes in galley and laundry influence performance of sewage plant substantial. The need for a proper
treatment is high;

Foodcompactors increase the load substantially and are overloading the sewage plants;
Cleaning agents could influence performance of sewage plant substantial. The use of chlorine is prohibited,;
Watertreatment is too complex for engineers and they need backup from professionals;

Biological processes are sustainable if chemicals will be avoided. Sludge treatment chain could be enhanced
and made more sustainable;

Membranesystems are more complex, use more energy, make more sludge, have a higher demand for follow
up, increases the annual maintenance cost and are therefor not the greenest choice;

Buffertanks will increase the total weight of the ship which will influence the fuel consumption.

*lnterreg H
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Knowledge transfer: ;'\\\
How to make a retrofit possible @

Step 1 Invertory:
- Make a good inventory of the water flows
- Where could the water be processed, how much water is constant on board to store?
- How much space is available for the installation?

Step 2 Preliminairy sketch:
Options:
1. New technology in old installation
2. New installation (prefab) at old location
3. New installation (prefab) at new location
4. New hull made installation at new location

Step 3 Choice of technology.
- Chemical proces
- Biological proces without membranes
- Biological proces with membranes

=
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Knowledge transfer: \\?

Step 4 Rate of automation
- Local or online control
- Full watermanagement will increase sustainability

Step 5 Decision making
- Installation manufacturer based on green record. Innovation is key in retrofit...
- Shiphard needed? If yes, which one,
- Invest in project codrdinator

Step 6 Follow up
- Invest in good training
- Invest in spare parts and service contracts

Y
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Green Award inland cruise vessels for

Innopack™ Marine of PureBlue Water
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Radu Comanici
Danubia Kreuzfahrten GmbH
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GRENDEL “Green and efficient Danube fleet” |
Towards modernisation & greening of Danube inland waterborn&is :
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Executive Summary

The following studies have been performed:

- Main technical study: A technical study with the objective to propose structural improvements based
on the design of “Amadeus Silver III” in order to achieve a reduction of noise and vibration levels in
the crew quarters of an advanced sister-ship.

After the technical investigation, three options have been analyzed and they are listed below:

- Option 01: Based on the findings of the main technical study the supplier shall elaborate
recommendations for possible retrofitting measures with view to improving noise and vibration levels
of the existing fleet.

- Option 02: Based on the findings of the main technical study the supplier shall guide the design office
respectively the building yard of the next newbuilding of Danubia Kreuzfahrten GmbH during the
structural design and actual building phase in order to ensure appropriate implementation of the
recommended measures. The supplier shall propose in particular a sufficient number of on-site
surveys and milestones where the supplier’s intervention would seem to be necessary, including in
any case a final measurement of noise and vibration levels after completion of the vessel and
comparison with calculated values.

- Option 03: The supplier shall conduct a technical study using the models created in the main technical
study with the objective of reducing the external noise of the vessel stationary at a berth and assuming
the presence of electric shore connection.

The activities have been developed following the below listed phases:

- Collection of the material of interest of similar ship (Amadeus Silver III)

- Definition of the main exciting sources installed on board and critical areas

- Development of numerical models

Rl

Developed vibro-acoustic numerical models
- Vibro-acoustic measurements on board and calibration of the developed numerical models with the
data measured on board during the performed river trials.

- Design of structural improvements and insulation improvements for vibro-acoustic levels mitigation
which have been tested by performing iterative acoustic and FE analysis.

Project co-funded by European Union Funds (ERDF, [PA) Output 4.1 Innovative & greening inland vessel concepts
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Some of the typical proposals of improvements studied and tested during the project

The proposals of improvements have been implemented on the last delivered Liiftner Cruise vessel
and the noise levels measurement campaign has been performed by a third party during the official
river trials.

For the crew accommodation areas, an average reduction of 2 dB(A) has been achieved. Also for the
passenger cabins, the achieved noise reduction can be considered satisfactory.

Project co-funded by European Union Funds (ERDF, [PA) Output 4.1 Innovative & greening inland vessel concepts
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Annex 1.
Development of innovative and greening
inland vessel concepts

Improvement of noise and
vibration characteristics

Extensive version of the second part of the presentation held
by Radu Comanici (DANUBIA) at the GRENDEL Final Event on
29 October 2020
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AIM OF THE WORK

This work consists in a technical study with the objective to propose structural improvements based
on the design of “Amadeus Silver I1l” in order to achieve a reduction of noise and vibration levels in
the crew quarters of an advanced sister-ship.

The technical investigation includes:
* noise and vibration measurements in representative positions aboard “Amadeus Silver II1”

* creation of mathematical models of “Amadeus Silver IlI” to perform a dynamic finite element

analysis for the prediction of vibration levels at low frequencies and a statistical energy analysis for
the prediction of noise levels

ecalibration of the models against the results of the measurements

* analysis of possible improvement measures taking into account a significant reduction of noise and
vibration values and an optimization of the structural design considering low weight solutions

* derivation of recommendations for concrete structural improvements
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AIM OF THE WORK

* identification of remaining sources of external noise

* recommendation for reducing noise emissions from these sources
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AIM OF THE WORK

After the technical investigation, three options have been analyzed and they are listed below:

GRENDEL

Option 01: Based on the findings of the main technical study the supplier shall elaborate recommendations for
possible retrofitting measures with view to improving noise and vibration levels of the existing fleet.

- Option 02: Based on the findings of the main technical study the supplier shall guide the design office respectively
the building yard of the next newbuilding of Danubia Kreuzfahrten GmbH during the structural design and actual
building phase in order to ensure appropriate implementation of the recommended measures. The supplier shall
propose in particular a sufficient number of on-site surveys and milestones where the supplier’s intervention would
seem to be necessary, including in any case a final measurement of noise and vibration levels after completion of the
vessel and comparison with calculated values.

- Option 03: The supplier shall conduct a technical study using the models created in the main technical study with the
objective of reducing the external noise of the vessel stationary at a berth and assuming the presence of electric shore
connection. This study shall in particular address identification of remaining sources of external noise and
recommendations for reducing the noise emissions from these sources.
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MAIN TECHNICAL STUDY

*Collection of the material of interest of similar ship (Amadeus Silver 1ll): scantling plans, general
arrangements, insulation plans, floor plans, technical report of measured noise and vibration levels.

* Definition of the main exciting sources installed on board: analysis of the propulsion system and
auxiliary machinery;

*Definition of the critical areas: study of the crew quarters layout;

*Development of numerical models: both acoustic and finite element (FE) models of the vessel of
interest (LGftner Cruise similar ship) have been developed in order to deeply investigate the vibro-
acoustic issues and test the proposals of improvements.

* Vibro-acoustic measurements on board: measurements have been performed on Amadeus Silver Ill
crew quarters.
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MAIN TECHNICAL STUDY

* Calibration of the developed numerical models with the data measured on board during the
performed river trials.

* Design of structural improvements and insulation improvements for vibro-acoustic levels mitigation
to be implemented in the Liftner Cruise similar ship (actually under construction).

* Test of the studied improvements by performing iterative acoustic and FE analysis.

*Evaluation of achieved benefits in terms of noise and vibration levels mitigation
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NOISE AND VIBRATION LEVEL LIMITS

ADMISSIBLE NOISE LEVELS LIMITS

Comifort rating number {crm)
Locations
1 2 3
Wheslhouss &0 &0 65
Radio room 55 55 &0
Crew cabins 50 55 &0
Crew public spaces 55 &0 65
Hospital 55 58 &0
ADMISSIBLE VIBRATION LEVELS LIMITS
Locabions
1 2 3
Cabins 2.0 2.7 3.3
Mess/recreation rooms 2.0 2.7 2.5
Offices 2.0 2.7 3.3
Mavigation bridge 2.0 2.7 3.5
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EXTERNAL NOISE LEVELS LIMITS

ES-TRIN Chapter 8
Engine design

Article 8.10
Noise emitted by vessels

1. The noise produced by a vessel under way, and in particular the engine air intake and exhaust
noises, shall be damped by using appropriate means.

2. The noise generated by a vessel under way shall not exceed 75 dB(A) at a lateral distance of
25 m from the ship's side.

3. Apart from transhipment operations the noise generated by a stationary vessel shall not exceed
65 dB(A) at a lateral distance of 25 m from the ship’s side.
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. CRITICAL AREAS AND CALIBRATED MODELS

Critical areas will be investigated with both FEM-SEA analysis and during the measurement campaign
on board.

Starting from the general arrangement, scantling plan, main frame, insulation and floor plans, the SEA
and FEM models of the Luftner Cruise similar ship has been realized.

SEA model FEM model
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AMADEUS SILVER Il

Dedicated measurements campaign on similar vessels of Amadeus Sllver Il have been performed in order to have
a global overview of noise and vibration levels on board vessel in previously defined critical areas.

Those data have been used to calibrated the SEA-FEM models to represent the actual status of noise and vibration
levels on board.

Calculations have been performed considering the main exciting sources as well as main engines, propellers,
DD.GG. and HVAC and Chiller units.

Before the measurement campaign, a dedicated test protocol with details of measurement procedure and
locations has been developed.
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STRUCTURE OF TEST PROTOCOL
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The main topics of the developed test protocol for vibro-acoustic measurements are listed below:

Measurement procedure

Measurement conditions

Noise and vibration levels measurements in crew quarters
External noise levels measurements

Vibration levels on main propulsion system and diesel generator
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AMADEUS SILVER Il — MEASUREMENTS

Measurements have been performed in accordance with developed test protocol and in accordance
with the time available for the measurements due to vessel schedule.

/I)))

Danube Transnational Programme

Measurements location are shown in the following pictures:
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Figure 40 — Crew accommodation areas on Haydn deck_fore

External noise measurements have been performed to evaluate the environmental noise generated
by the ship.
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On board measured dB(A) noise levels upstream

Area Deck Measured dB(A) noise level
Crew cabin — C1 Haydn 60.2
Crew cabin — C2 Haydn 582
Crew cabin — C3 Haydn 349
Crew cabin — C10 Haydn 491

Table 1 — Measured noise levels in crew quarters, ship cruising wpstream
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On board measured dB(A) noise levels downstream
(for information only)

(l)))

Area Deck Measured dB(A) noise level
Crew cabin — C1 Haydn 56.5
Crew cabin — C2 Haydn 553
Crew cabin — C3 Haydn 539
Crew cabin — C4 Havdn 55.1
Crew cabin — C3 Haydn 557
Crew cabin — C6 Haydn 497
Crew cabin — C7 Havdn 519
Crew cabin — C8 Haydn 495
Crew cabin — C9 Haydn 470
Crew cabin — C10 Havdn 439
Crew cabm — C11 Haydn 43.5
Crew cabin — C12 Haydn 399
Crew cabin — C13 Havdn 39.6
Crew cabin — C14 Haydn 422

Table T — Megsured noise levels in crew guarters
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Measured vibration levels
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Area Deck Measured o.a. rms vibration level (mm/s)
Crew cabin — C1 Haydn 0.80
Crew cabin — C2 Haydn 052
Crew cabin — C3 Haydn 051
Crew cabin — C4 Haydn 1.10
Crew cabin — C5 Haydn 0.75
Crew cabin — C6 Haydn 0.40
Crew cabin — C7 Haydn 0.60
Crew cabin — C8 Haydn 0.40
Crew cabin — C9 Haydn 0.20
Crew cabin — C10 Haydn 020
Crew cabmn— C11 Haydn 0.20
Crew cabin — C12 Haydn 0.10
Crew cabin — C13 Haydn 020
Crew cabin— Cl14 Haydn 0.30

Table 2 — Measured vibration levels in crew guarfers
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Additional external noise level measurements (dB(A))

Location Measured dB(A) noise level
Point A 55.1
Pomnt B 522
Point C 502
Point D 522

Table 3 — Excternal noise levels megrurement resulir
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Some noise spectra upstream

the measured dB(A) noise levels are shown on Y-axis while X-axis shows the third octave frequency band

60

40

20

10

() ETARMELRET 0MEL AR OBRL AR 00RL AR O0RLREDLBRLL MR 0REER
(>3 SOOI OOET T RED T EOET T RED T ORI RED T AGELECRED T BRI R R IR TIED
S0 SRR VR AR VR RRR AR RRR T AV SRR BT SRR ORI R
A J T T T T T T Ty
BIPASTIR (1  ]
160 TR RRTTRRET RO O R R TTTTI
20000 OO TR AT R RN RE RN SORAL LR T 0
26() VNIRRT UREC R RECRRRELTREEL R TREETTOER
301G TIMILLRRRDOOREI AL AR ARRDLL AR AR ARRRLRREL L ARRTTT
B 1 T T T T T T T
CYA TR L
©3,() UM IRETT TSRS AT ORRT OO SRR ERRT T ERTT AR
$3()() RN AR RRO AR RO AR RO R RO AR RDLRRRLL AR

L C()() SRR RIS ORR ORR VR OO RRREE SRR SORRRL ORETT LS

1 25() YOI IMERL R UEELRRE L URELRRE 1 EEELRRRL LML CRRRL AR

160000 TIMARLARALLI NI ADLLRDLADLL SRR ADLLANRLADLLARRER

20D ST RN FURNYETY FONEYEYEONRRY RN RN Y FO g

DRI i

3150 ST AT AT

4000 NI

SO00 I

6300 ST

8000  M———

10000  T——

12500 ummmm—mm"m

16000 s
20000

W40 TUTTRRRTTTTRRRRT Y ERRRTERBRE BRI CRRRD 1 RROD T RRRDE T RRRRT 1 RRRRTTTTRRRERY

(dB]
o 3
12,5
16 ST TR
200 AN ORER AR RO AR R RARLED
2 TIONT OO RRRETTORRTT NN RN CERRETT O
31, G UUIIBRRRIITIRRREINIIRRRELYIRRRELY CRRDELY CRRERLIRRRRRL LI RRRRRL L ERRRRLIERRRRLLR)

[Hz]

Figure-5—Measured-noise-level-spectrum-Crew-Cabin-C5,-55.1-dB(A)T



Qe P
@ DANUBIA KRE{FAHRTEN GMBH iterr ey -

EEHGULE"G'"EEH'"E Danube Transnational Programr;ie |
consuveLrTancy GRENDEL

MARINE . OFFSHORE . VACHT INDUSTRY

),

(@

Some noise spectra downstream (for information only)

the measured dB(A) noise levels are shown on Y-axis while X-axis shows the third octave frequency band

e Las: 55,7

Figure 46 — Measwred noise level spectrnm Crew Cabin C5
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Some noise spectra upstream

the measured dB(A) noise levels are shown on Y-axis while X-axis shows the third octave frequency band
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Some noise spectra downstream (for information only)

the measured dB(A) noise levels are shown on Y-axis while X-axis shows the third octave frequency band
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Figure 42 — Measured noise level spectrum Crew Cabim C1
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Structure borne noise

SBN levels measurements have been performed on main propulsion machinery and used for calibrating SEA-FEM models for
vibro-acoustic analysis.
S | in the followi
On Y-axis, the measured dB (ref. 5e-8 m/s) are shown for longitudinal direction (red curve), transverse direction (blue curve)
and vertical direction (green curve). Third octave frequency bands (Hz) are shown on X-axis.
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Figure 78 — Measured SBIN level spectrum on port side DD.GG. bead
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CALIBRATED SEA MODEL - NOISE LEVELS

()

Measured data on Amadeus Silver Ill have been used to calibrate the SEA models as per following
table of noise levels:

Cabin Deck Moase level measured on board Calculated dB(A) noise
[dB{A)] level
Exlw cabin — | Haydn 602 60.0
Crew cabin - | Haydn TE 550
Cc2
an cabin - | Haydn $40 546

Table 7 — Comparizon berween meanred and calnelared noire levels fn crew cabing aff ship area

AR frel ® e Pl

(Fiag LRy M

Figure 75 — Crew cabin C3, calewlaved noive level secrram
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. CALIBRATED FEM MODEL - VIBRATION LEVELS

Measured data on Amadeus Silver Il have been used to calibrate the FEM models as per following
table of vibration levels:

Cabin Deck Vibration level measured on board FEM maximum calculated
[overall weighted mm/s] vibration level
[overall weighted mum,/'s]
Crew cabin — C1 | Haydn 0.80 0.72
Crew cabin — C2 | Haydn 0.52 0.35
Crew cabin — C3 | Haydn 0.51 0.30
Crew cabin — C4 | Haydn 1.10 0.95
Crew cabin — C5 | Haydn 0.75 0.81

Table § — Comparison befween measured and calowlated noise levels in orew cabing aff ship area

Figure 89 — Calculated vibration level in aff crew accommodation areas



@ DANUBIA KREUZFAHRTEN cvaH miterreg E
CERGOLENGINEERING

Danube Transnational Programme
consuveLrTancy GRENDEL
MARINE . OFFSHORE . VACHT INDUSTRY

PROPOSALS OF IMPROVEMENTS — AMADEUS SILVER I
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PROPOSALS OF IMPROVEMENTS — AMADEUS SILVER I
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PROPOSALS OF IMPROVEMENTS — AMADEUS SILVER I
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Noise levels mitigation after improvements

Cabin Calculated dB({A) Calculated dB({A) MNoise levels reduction
noise level noise level [dB{A)]
Before improvements after improvements
Crew cabin — C1 602 589 -13
Crew cabun — C2 K82 561 21
Crew cabun — C3 540 533 -16
Tabie 10 — Comparizon berween caicnlared moise Jevels im crew cabing aft ship area
Cabin DMNV-GL comfort class before DINV-GL comfort class after
IMPIOVEMEnts IMPIovVements

Crew eabin — C1 CRM 3 CERN 3
Crew cabin — C2 CRM 3 CRN 3
Crew cabin — C3 CRM 2 CRN 2

Lable 71 — Comparison between comyort class level before and after improvements
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Noise levels mitigation after improvements

Cabin Calculated dB(A) noise level | Calculated dB(A) noise level MNoise
Before improvements After improvements levels
(original configuration) (modified configuration) reduction
[AB(A)]

Pax cabin - P1 56.1 55.0 -1.1
Pax cabin - P2 55.9 35.0 -0.9
Pax cabin - P3 52.5 51.1 -1.4
Pax cabin - P4 522 209 -1.3
Pax cabin - P> 34.2 33.1 -1.1
Pax cabin - P6 54.2 53.0 -1.2
Pax cabin - P7 52.0 51.0 -1.0
Pax cabin - P38 32.3 314 -0.9

Table 12 — Comparison between calonlated noise levels in passenger cabins aft ship area
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Vibration levels mitigation after improvements

Cabin Maximum calculated Maximum calculated Vibration
vibration level vibration level levels

Before improvements After improvements reduction

{o.a. mum/s) (0.a. mm/s) [mum /5]

Crew cabin — Cl 0.72 045 -0.27
Crew cabin — C2 0.55 0.35 -0.20
Crew cabin — C3 0.50 0.35 -0.15
Crew cabin — C4 0.95 045 -0.50
Crew cabin — C5 0.81 0.50 -0.31

Table 14 — Calowlated vibration levels in crew cabins aff ship area, comparison fablk

Cabin Maximum calculated Maximum calculated Vibration
vibration level vibration level levels

Before improvements After improvements reduction

(0.a. mum/'s) (0.a. mm,'s) [mum/ s]

Pax cabin - P1 0.50 0.25 -0.25
Pax cabin - P2 0.58 0.35 -0.23
Pax cabin - P3 0.45 0.35 -0.10
Pax cabin - P4 0.45 0.25 -0.20

Table 15 — Comparison befween calcwlated noise levels in passenger cabing aff ship area, Stranss deck
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OPTION 01 — RECOMMENDATION FOR EXISTING FLEET

The activity has been developed following the below listed phases:

),

(@

- Vibro-acoustic measurements on board: measurements have been performed on Amadeus Diamond, Amadeus
Brabant and Amadeus Royal. Noise and vibration measurements have been performed in the crew quarters and on
propulsion system machinery.

- Calibratlion of the developed vibro-acoustic numerical models with the data measured on board during the performed
river trials.

- Study of improvements for vibro-acoustic levels mitigation.
- Test of the studied improvements by performing iterative acoustic and FE analysis.

- Evaluation of achieved benefits in terms of noise and vibration levels mitigation.
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OPTION 01 — NOISE LEVEL AMADEUS ROYAL

MNoise levels
Measured dB(A) | p . jicted dB(A) | reduction [dB(A)]
noise level .
Area Area noise level
before
. after
improvements .
improvements
Crew cabin— Cl 56.0 350 -1.0
Crew cabin — C2 56.5 350 -15
Amadeus Royal | Crew cabin — C3 54.3 530 -13
Crew cabin — C4 53.3 520 -1.3
Crew cabin — C5 526 320 -0.6
Table 24 — Naise fevels reduction
DNV-GL comfort DNV-GL comfort class after
class before improvements
Area Area improvements
[CRIN1- CRN2 - [CRN1— CRN2 — CRN3]
CRINJ]
Crew cabin — C1 CRIN3 CEM2
Crew cabin — C2 CERIN3 CEN2
Amadeus Royal | Crew cabin — C3 CEN2 CRN2

Crew cabin — C4 CEMN2 CEM2
Crew cabin — C5 CRN2 CRN2

Table 25 — Comparison befween comfort class level before and affer imbrovemenis
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OPTION 01 — NOISE LEVEL AMADEUS DIAMOND

MNoise levels
I&Ieamlu'ecli dBl{A} Predicted dB(A) reduction
Area Area noise teve noise level [dB(A)]
before
. after
improvements .
INProvements
Crew cabin — C1 58.2 55.0 -32
Crew cabin — C2 375 5350 -25
Amadenus Diamond -

Crew cabin — C4 344 23.0 -14
Crew cabin — C35 254 53.0 24

Table 26 — INaise levels reduction

DNV-GL comfort DNV-GL comfort class after
class before improvements
Area Area improvements
[CRNI - CRN2 - [CRN1— CRN2 — CRN3]
CRIN3]

Crew cabin — C1 CRN3 CRNZ
. Crew cabin — C2 CEIN3 CEN2
Amadens Diamond Crew cabin — C4 CRIN? CRIN2
Crew cabin — C5 CEMN2 CEN2

Table 27 — Comparison befween comgort clasr level before and affer insprovemenis
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OPTION 01 — NOISE LEVEL AMADEUS BRABANT

MNoise levels
Merﬁﬁi‘:ffﬁ} Predicted dB(A) reduction
Area Area noise level [dB{A)]
before
. after
improvements .
LUNPLOVEINENts
Crew cabin — C1 394 554 44
Crew cabin — C2 59.1 547 -43
Amadeus Brabant | Crew cabin — C3 38.5 547 -38
Crew cabin — C4 35.7 53.0 27
Crew cabin — C5 50.1 49.0 -1.1

Table 28 — INoire levels reduction

DMNV-GL comfort DNV-GL comfort class after
class before improvements
Area Area improvements
[CRINI - CRMN2 — [CRIN1 - CRIN2 — CRIN3]
CRN3]
Crew cabin — C1 CRN3 CRINS
Crew cabin — C2 CRN3 CRNZ
Amadeus Brabant Crew cabin— C3 CRING CRND
Crew cabin — C4 CRN3 CRINZ
Crew cabin — C5 CRN2 CRN2

Table 29 — Comparison befween comfort class level before and affer inproverents
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Detail of the structural improvements
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS ROYAL

VALID BOTH PORT AND STED =IDE SHELL

HF 120x7
HE 22010

Detail of the structural improvements
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS ROYAL
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Proposed additional damping treatment
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS ROYAL
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Proposed acoustic barrier preventing,
wall detail

Proposed acoustic barrier preventing, floor and ceiling details
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OPTION 01 - PROPOSALS OF IMPROVEMENTS

AMADEUS ROYAL
— | 4 mm of Promasound TL or similsr

Promasound TL (4mm) proposed application areas
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OPTION 01 - PROPOSALS OF IMPROVEMENTS

AMADEUS ROYAL
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Proposed floating floor application area
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Min 20 mm Rockwool
Marine slab 140

Steel deck

Proposed floating floor typology
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS ROYAL
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS DIAMOND
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Detail of the structural improvements
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Proposed additional damping treatment
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS DIAMOND
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS DIAMOND
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I — 5 mm Promasound TL or similar

Promasound TL (4mm) proposed application areas
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Proposed floating floor application area
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS DIAMOND

1,5-2,0 mm Steel plates, 1000 x 2000 mm

1 mm visco-elastic layer, PU-red \

3 mm steel plate, 1000 x 2000mm

1,5 mm Steel strip

Rockwool ~—__ _

1,5-2,0 mm Steel tiles — 3

1 mm visco-elastic layer,
PU-red

Steel deck ——

Proposed floating floor typology
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS DIAMOND
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Detail of the structural improvements
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
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Detail of the structural improvements
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Promasound TL (4mm) proposed application areas
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OPTION 01 - PROPOSALS OF IMPROVEMENTS
AMADEUS BRABANT

1,5-2,0 mm Steel plates, 1000 x 2000 mm

\\
1 mm visco-elastic layer, PU-red
AN AN
3 mm steel plate, 1000 x 2000 mm S \
_ NN
1,5 mm Steel strip —___ \\

—

Rockwoo —

1.5-2,0 mm Steel tiles —_

1 mm visco-eastic layer,
PU-red

Steel deck ———

Proposed floating floor typology
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piping installation piping installation




7 o
@ DANUBIA KRE{FAHRTEN GMBH Tnterreyg B

EEHGULE"G'"EEH'"E Danube Transnational Programme |
EI]I]SIJLTIHI[:'.' GRENDE

HHHHHHHHHHHHHHHHHHHHHHHHHH

OPTION 02 — GUIDELINES FOR YARD IN DESIGN PROCESS

This activity is actually in development for the Liftner Cruise new building under construction.

The supplier shall propose in particular a sufficient number of on-site surveys and milestones
where the supplier’s intervention would seem to be necessary, including in any case a final
measurement of noise and vibration levels after completion of the vessel and comparison with
calculated values.
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OPTION 02 — GUIDELINES FOR YARD IN DESIGN PROCESS

Abstract from developed technical report aft urvey performed on board,
check of exhaust piping resilient mounting system

Abstract from developed technical report after survey performed on board,
floating floor check
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Abstract from developed technical report after survey performed on board,

check of damping treatment correct application

Addnom] 2 mm of Froensound
TL (o umilar) o pamos

2 of Progmsouad
TL (o sailar: oo parstion panel

Abstract from developed technical report after survey performed on board,

proposed massive layer on partition wall
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OPTION 02 — GUIDELINES FOR YARD IN DESIGN PROCESS

Actual damping treatment installation on board

Cergol Engineering proposed solutions
/— Steel pl"'n s non-uniformly distribured on —_— g &l & prop
/ viscoelastic treated surface A

\ 4. On the additional applied 1.5 mm viscoelastic layer, apply 1.5mm thick steel plates as shown in
> details below. .
\ SECTION A-A

Seeel bulkhead

Actual installed viscoelastic layer
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Actissl insealled steel plates ] plates -
— Missing/not-sufficient viscoelastic layer o
. - 1 plates —
Abstract from developed technical report after survey performed on board, > —
Note: Steel plates shall east BS%-90% of the treated surface. mmu“ 7 F .

proposals for damping treatment optimization

Abstract from developed technical report after survey performed on board,
proposals for damping treatment optimization
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OPTION 03 — REDUCTION OF EXTERNAL NOISE

In the cities where the shore connection is required, the main external noise sources become
the HVAC system extraction outlets, due to the ventilation fans.

In these cases, it is suggested to install adequate silencers, i.e. with a high TL in order to
minimize the noise at the ventilation extraction grilles.

Typical cylindrical silencer
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Case study: Luftner Cruise next new building [delivered in 2020]
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""""""""""""" NOISE LEVELS MEASUREMENTS RESULTS
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Liftner Cruise next new building, has been delivered in 2020.

On this vessel, the proposed vibro-acoustic mitigation measures have been implemented.

The results of the performed noise levels measurement campaign (performed by third party)

and a summary of the achieved noise levels mitigation (comparison analysis with older sister
ships noise levels) are shown in the following pages.
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Average
measured noise
level: 53 dBA

Average
measured noise
level: 55 dBA

Next new building

Reference sister ship
PASSENGER CABINS ON UPPER DECK
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Average Average
measured noise measured noise
level: 51 dBA level: 50 dBA

Next new building

PASSENGER CABINS ON UPPER DECK
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Average Average
measured noise measured noise

level: 55 dBA level: 54 dBA

=
e

3
- STORE

o

Reference sister ship Next new building

PASSENGER CABINS ON MAIN DECK
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Average Average
m|ea5l|J-red QOIASE‘ measured noise
evel: 58 dB level: 56 dBA

Reference sister ship Next new building

CREW CABINS ON LOWER DECK
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CONCLUSIONS:

FOR THE CREW ACCOMMODATION AREAS, AN AVERAGE REDUCTION OF 2 DBA HAS BEEN
ACHIEVED.

ALSO FOR THE PASSENGER CABINS, THE ACHIEVED NOISE REDUCTION CAN BE CONSIDERED
SATISFACTORY.




