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The demand for freight transportation has increased enormously 
throughout Europe and is expected to keep growing for the 
foreseeable future. With roads becoming ever more congested, 
numerous new concepts of transportation are being developed, 
designed to create a shift from road transportation to other forms 
of transport. 

Inland shipping has some of the most promising designs that 
can create a shift from road to river cargo, thereby avoiding the 
congested roads through utilisation of the vast network of available 
rivers and canals in Europe, where the capacity for growth of 
traffic is still available.

This article will show the possibilities and advantages of 
using real time, full mission simulations to assess the operational 
capabilities of a new ship design. The European project Partial 
Air Cushion Support Catamaran (PACSCAT) will be used as an 
example to illustrate this type of assessment.

Introduction
Developing new concepts of ships requires a large investment 
of money and resources. To minimise any economical risk, 
extensive studies into the actual capabilities of the ship have to be 
conducted. Some of these studies are standard exercises, such as 
towing-tank studies and 3D-potential flow simulation. Real-time, 
full mission simulations of a new vessel design are hardly being 
performed, although the advantages are numerous.

This article will show an example of the possible benefits of 
using real-time, full mission simulations as performed by Maritime 
Simulation Rotterdam BV as part of the PACSCAT.

The PACSCAT project
The European freight market is expected to grow rapidly in 
the coming years. To prevent the roads from becoming more 
congested, with all the environmental damage that this brings 
along, moving freight by other means of transport is an essential 
development. Waterborne transport, for instance, is known to be 
less polluting than transportation by road.

In 2002 a European Consor t ium star ted with the 
development of a new concept vessel, designed to provide an  
environmentally friendly alternative to transportation of freight 
by road, the PACSCAT. The ship was designed by Independent 
Maritime Assessment Associates (IMAA) Ltd. whom, together 
with the University of Southampton, took up management of 
the European consortium in order to optimise the design and 
performance of the PACSCAT.

Combining high speed with a low draft enables the PACSCAT 
to compete effectively with road transportation year round.  
With a payload of 1,900 tonnes, or roughly 45 trucks, the 
PACSCAT is designed to reach an operating speed of 18 knots 
(33 km/h) making a round trip from Constanza to Passau in six 
days instead of the two weeks that it takes conventional barges to 
complete the same journey.

Objective of the PACSCAT project
The PACSCAT project is funded under the European 
Growth programme, designed to stimulate projects that will 
increase the competitiveness of Europe, whilst simultaneously 
increasing sustainable development. The PACSCAT had 
the aim to satisfy both, making it possible for the European 
freight market to continue its growth without creating more 
damage to the environment.

For the design of an inland ship, there are also some 
general restrictions that have to be considered. The maximum 
height, width and length of a ship are restricted by the rivers’ 
infrastructure, like bridges and locks, while the water depth of 
the river brings more difficult limitations, varying throughout the 
year. The last, but certainly not least of the problems commonly 
encountered by fast vessels on inland waterways, is the limitation 
of the height of the generated waves. High speed usually means 
that much energy has to be used for propulsion. This normally 
causes high waves (wash), which can hinder other vessels or 
damage the shore infrastructure.
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Artist impression of the Partial Air-Cushion Support Catamaran.

Example of main European waterways, TEN-T priority axis 18, connecting 
the Black Sea with the North Sea through the Rhine/Meuse, Main and 
Danube rivers.
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The PACSCAT design
The PACSCAT is designed to overcome these problems. The 
PACSCAT is a catamaran, meaning that it has two side-hulls. 
Placing seals in between the side-hulls at the bow and stern of 
the vessel makes it possible to pressurise this space, making the 
PACSCAT act like a hovercraft. The difference being that the 
sides of the air-cushion are formed by rigged bodies (the side-
hulls) which remain partially submerged, thus providing some of 
the required buoyancy. With the extra buoyancy, the pressure in 
the cushion can be lower than for a conventional hovercraft with 
the same displacement.

Inflating the air-cushion reduces the draft of the vessel from 
2.5 to 1.4 metres, which allows the PACSCAT to adapt to lower 
water levels in a river. The low draft also reduces the resistance, 
which in turn means lower waves. Deflating the cushion can 
sometimes be used as the solution for passing low bridges, which 
are quite common on the upper regions of, for instance, the 
Rhine and the Danube.

The operational assessment
The main benefit of the PACSCAT as described above is its 
high speed combined with its low draft. Maintaining high 
speed is crucial for the ship to remain competitive with road 
transportation. Of course the PACSCAT can only sail at high 
speed when it is safe to do so.

A literature study was conducted into the possible hazards that 
can be encountered while sailing at high speed on the Danube. 
This study led to a series of scenarios that placed the PACSCAT 
and its pilots in various traffic situations designed to evaluate the 
possibility of safe manoeuvring.

Real time – full mission simulations
Sailing at high speed requires a different approach to steering a 
vessel. Being about twice as fast as other vessels means that the 
PACSCAT will always be the acting vessel. This means that when 
the PACSCAT shows up on a slower vessel’s radar screen, the 
slower vessel will have a limited time to act, especially because 
it will take a while before it realises that the PACSCAT is sailing 
at high speed. This means that the PACSCAT captain needs to 
decide well in advance if and when for example a vessel can be 
overtaken or not, taking into account any possible actions taken 
by the slower barges’ captain.

To accurately portray the interaction between the PACSCAT 
vessel and the other traffic on the river, Maritime Simulation 
Rotterdam b.v. (MSR) performed real-time simulations on 
their 240-degree view, full mission bridge simulators. Using 
experienced fast-vessel captains, and modelling the physical 
behaviour of the ship based on data taken from towing tank tests, 
provides a realistic portrayal of the possibly hazardous situation.

The sailed simulation runs can afterwards be evaluated 
to determine if unsafe situations occurred in certain traffic 
conditions and also whether the captains were right in their 
assessment of the simulated traffic and environmental situation. 
Based on these evaluations, conclusions can be drawn with 
respect to the impact of the human factor on the performance 
of the vessel. Although certain traffic situations may be safe in 
theory, sometimes the captains will mark them as unsafe and 
vice-versa, resulting in possible unnecessary reductions of speed 
or unsafe situations. Both can have a high impact on the overall 
performance of the PACSCAT.

Based on this assessment, recommendations can be made for 
possible equipment or training that can enhance the performance 
of the PACSCAT.

It is obvious that for safe operations of this type of advanced 
vessel, state-of-the-art navigational equipment should be installed, 

Safe and unsafe passage, sailed path of PACSCAT and other traffic on the 
simulator at MSR. Right shows the position of vessels at their closest point in red.

View from the bridge of the simulator at Maritime Simulation Rotterdam.

Design drawing of the PACSCAT.
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since most decisions have to be taken either beyond visual range, or 
with a better overview of the speed and heading of other traffic. 

Foreseen implementation of River Information Systems 
(RIS), including the Automatic Identification System (AIS), can 
significantly improve the overview of the tactical traffic situation 
ahead of the PACSCAT and can give more precise indications 
of the speed and heading of other ships on the river than can be 
obtained by traditional radar. The European project Consortium 
Operational Management Platform River Information Services 
(COMPRIS), in which MSR is also involved, with respect to 
Human Factor Issues and Operational Assessment, gives a perfect 
overview of the benefits that a PACSCAT would receive from 
implementation of RIS.

Before RIS becomes operational, a helmsman with a radar 
certificate will already be able to handle the PACSCAT safely 
without having to reduce speed on many occasions. Risk of 
accidents will not be greater than for conventional inland barges 
and mostly depend on factors not related to the difference in 
operating the PACSCAT due to the speed of the vessel.

Conclusions
The PACSCAT project shows that real time simulation can 
play an important role in the development of a new vessel. The 
simulations performed at MSR were used to make an assessment 
of and recommendations for several key design issues, namely:

•  Safe operations and handling at high speed;

•  Impact on other traffic on the Danube;

•  Manoeuvring capabilities;

•  Bridge layout requirements; and

•  Training and bridge personnel requirements.

All of which play an important role in the eventual success of a 
new ship concept.
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