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A PROPOSAL FOR VESSEL TRAFIC SYSTEMS IN THE TRAFFIC LANE LEADING TO THE PORT OF RIJEKA

1. Introduction

Ships in navigation are exposed to a number of dangers which depend on numerous factors recognized as maritime, waterway characteristics factors, meteorological and oceanographic factors, navigational and hydrographical and factors of traffic flow. The level of safety at sea nowadays includes all the necessary measures and procedures which can lower the risk of accident of navigation. One of the most important such measures includes surveillance and management of sea traffic in waterway areas which allows interaction with the above mentioned factors. Such systems which are set in many maritime countries, make an integral part of models for risk management in sea navigation.              

The fairway navigation, particularly in a limited waterway area is somewhat of a move in the area of uncertainty and it presents danger. For this reason in such areas it is necessary to limit the freedom of choice of waterway by defining exactly stated waterway routs, thus acting preventively on safety at sea as well as protection of the sea and maritime environment.    

The aim of this paper is to define a sole waterway access to the port of Rijeka as well as the proposal of setting the system of Vessel Traffic Services (VTS in further text) on the access waterways to the port itself.  

2. The Justification of Setting VTS System to the Port of Rijeka
The port of Rijeka is the northernmost port of Republic of Croatia of an international significance. Its geographic location, maritime tradition and ever intensive globalisation gaining momentum also in Croatia, all caused that the port of Rijeka acquired international importance. It became the biggest port in the eastern Adriatic, thus also the biggest national port, whilst Rijeka waterway route the most vital waterway route in the Republic of Croatia.   

The port of Rijeka is located in the area of the bay of Rijeka in the northern part of the Adriatic Sea. Due to the fact that it is drawn deep into the coastal area and surrounded by islands, the port of Rijeka can be approached by coastal or internal waterways trough the areas of Vela vrata, Srednja vrata or the area of Tihi kanal. The main approach waterway to the port from the mid channel fairway for big ships is trough the area of Vela vrata. Smaller merchant ships and passenger ships in coastal navigation can also use inter island waterways trough the area of Srednja vrata, whilst the area of Tihi kanal is used by local ships and vessels only.   

The position of the port of Rijeka nowadays is characterised by dislocation of singular port basins and terminals, as well as their legal status and separation. Each of the port basins consists of several terminals for handling various types of cargo except for the terminal specialised for handling liquid cargo.  

Ships arriving to the port of Rijeka from the Mediterranean Sea almost entirely use the mid channel waterway in the Adriatic approximately 350 M long. When entering the port of Rijeka, it is not compulsory for ships navigating mid channel waterway to use North Adriatic  traffic separation scheme, which is introduced as the approach to the ports of Trieste, Venice, and Koper. This fact allows the free choice of waterway for ships approaching the port of Rijeka from the mid channel waterway which as a consequence can cause dangerous approach near islands Susak and Unije (the approach from Southern Adriatic) and rocks of Porer and shoal Albanez (the approach from Northern Adriatic).       

The area entering Kvarner marks significant coastal sea traffic to and from north Adriatic ports (Trieste, Venice, Ravenna and Koper) as well as the sea traffic to and from Rijeka port basin, which renders noticeable crossing situation. Although this area is annually crossed by nearly 34 000 ships in international navigation carrying approximately 140 million tonnes of cargo, it is not considered particularly dangerous as far as collisions are concerned. This is due to the fact that the manoeuvring area is big enough, in particular since introduction of North Adriatic traffic separation scheme.    

The area of approach waterway to the port of Rijeka carries no particular navigational dangers, the navigation is carried out on the average 4 M from the coast or islands. From the point of safety and running aground, in the bay of Kvarner the danger presents rock of Galiola in mid Kvarner. This rock only 4 m high, caused in the past several groundings, but nowadays it is well marked with a navigational light and the Racon (K), thus greatly reducing the possibility of repeated running aground.  

In the Kvarner area under study as well as in the area of Rijeka bay, there is also to be expected a great number of fishing boats, seine boats in particular. As the small pelagic fish most often moves in shoals, usually during the fishing season many fishing boats are placed in a relatively small area, in the diameter of 4 to 5 M, which can cause difficulties in navigation to merchant ships. This additionally reduces the waterway area for safe navigation, in particular because during such kind of fishing the fishing boats are anchored most of the time, which does not allow the manoeuvre to avoid other ships. It is necessary to mention that in the area of Kvarner there are many ports for nautical tourism and these vessels additionally burden this area of approach waterway thus narrowing the manoeuvring possibilities for ships, during the summer months in particular.  

Connecting of Kvarner with the area of Rijeka bay is done trough the passage of Vela vrata which is located between the island of Cres and the coast of peninsula Istria. Due to relatively short distance between the island of Cres and the coasts of Istria, this part of the approach waterway presents the biggest potential danger for ships in navigation. With the introduction of Vela vrata traffic separation scheme, this danger is significantly reduced for all ships longer than 20 m because they when in navigation, must use the system mentioned above. Smaller ships and vessels may navigate out of traffic separation scheme area in the zone of coastal navigation. The potential danger of collision or running aground due to avoidance of collision presents the crossing situation for ships in navigation towards the port of Rijeka in the area between the ports of Brestova i Porozina with heavy ro–ro ship traffic. This line carries out almost 9 000 trades with ro-ro ships annually, most of it done during the summer months when one can expect up to 45 trades a day.    
Ships navigating along the Adriatic waterway and in coastal navigation can also approach the port of Rijeka from the area of Kvarneric and Srednja vrata. When navigating along this approach waterway, upon separating from mid channel waterway for approximately 65 M, ships sail at the distance from 1 to 4 M from the nearest coast. Due to its hydrographical characteristics this waterway is not suitable for navigation of bigger ships and vessels carrying dangerous cargo.  

The final approach to the port of Rijeka is conducted in the area of Rijeka bay. The above area accommodates the majority of port basins ( the basin of Rasa is located in Rasa bay), along with its anchorage. Except for the areas intended for trade, in Rijeka bay there are also three shipyards, several marinas for nautical tourism and the port for special purposes ( in the future also new LNG terminal), all of which causes particularly marked crossing situation. 
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Picture 1: Crossing situation in the Rijeka bay area

Saurce: Made by authors

Due to above mentioned characteristics of the approach waterways to the port of Rijeka as well as the traffic frequency in this area, at the approach to the port of Rijeka it is necessary to set up the surveillance system and navigation management. The major approach waterway to the port of Rijeka upon the separation from the mid channel waterway is done in the length of 50 M of coastal and inter island areas at the distance from the coast or islands shorter than 4 M. It is necessary to take into consideration that in the area of the Port of Rijeka, last year there were more than 44 000 landings of ships. It is necessary to particularly point out that to the port of Rijeka come very big ships with a reduced manoeuvring capacities as well as the fact that 65% of the entire cargo consists of dangerous cargo which in itself calls for need to introduce the surveillance system and management of maritime traffic in this area. Ecological consequences in case of spillage of dangerous cargo would be immense in particular because the area around the port of Rijeka is densely populated. 

3. The proposal for surveillance and management of sea traffic in the waterway to the port of Rijeka
According to International Maritime Organisation VTS system is defined as:

· the service established by the authorities with the aim to improve the safety and efficacy of the maritime traffic and the protection of maritime environment. The service has to provide the possibility of interaction with the traffic and the possibility of answering the traffic situation developing in the area of surveillance.  

This work is based on calculations made for radar surveillance systems where the range of the radar device is defined by the height of radar antenna and by the height of the object detected. Approximately defined range of such radar systems in miles is described in formula: 
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where d - is approximate range of radar horizon in miles, Hant – is the height of radar antenna position in meters and Ht - is the height of radar target in meters. 

Due to the need of removing ships from the potential dangers during approach of ships from the area of mid channel waterway, it is necessary to establish two systems of traffic separation scheme at the territorial waters of the Republic of Croatia. These two systems would define approach waterways to Kvarner area from the southern and northern parts of northern Adriatic.   

The traffic separation scheme that would organise the navigation of ships to and from port of Rijeka would be set up so as to distance the navigation from the islands and rocks thus lowering the probabilities of incidents of navigation. The southern traffic separation scheme set up minimally 5 M west of island of Susak would serve to remove ships during approach from southern Adriatic from the island of Susak and the islands of Unije. The separating zone of navigation routes 1M in width would separate the navigation routes which width varies from 1.5 M in the northern part to 2.7 M in southern part of the traffic separation scheme, thus allowing to direct ships. The length of eastern route used by ships in arrival is approximately 8.6 M whilst the approximate length of western route used by ships in parting approximately 10.1 M.  

The northern traffic separation scheme would primarily serve to remove ships from the shoal Albanez and southern coast of the peninsula Istria when in navigation from/to the area of northern Adriatic and to the traffic separation scheme North Adriatic. This system would remove ships from the shoal of Albanez at the minimal distance of 5 M.  

 The average length of the northern waterway inside the traffic separation scheme Albanez would be 7.3 M, whilst the length of the southern area of navigation would be 7.7 M. The zone of separation would have a shape of a trapezium, the width of 1 M in the eastern part and 1.7 M in the western part of the traffic separation scheme. The width of the navigation routes in the eastern part would be 1.5 M, whilst the width in the western part would be 2 M at the northern navigation route and 3.5 at the southern navigation route.  
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Picture 2:The traffic separation scheme Susak and Albanez at the approach waterway towards the port of Rijeka

Source: Made by authors
Monitoring of the traffic separation scheme Susak and Albanez would be conducted by the surveillance system located on the mountain Učka, which will be makes part of the coastal navigation surveillance. Regulated in such a manner the surveillance system and navigation management in the area of the port of Rijeka would be an extension of a coastal system of surveillance of the Adriatic Sea established by the Republic of Croatia.      

The surveillance station on the mountain Ucka would also allow radar control of part of the approach waterway towards the port of Rijeka in part of southern Adriatic. Installation of AIS station on the location mentioned above and additional AIS station in the port of Rijeka would allow a high quality data gathering from the entire area of the port of Rijeka as well as from the approach waterways.   

Due to the above mentioned facts, the approach waterway towards the port of Rijeka, in the northern part of Kvarner, Rijeka bay and in the area of the port of Rijeka itself, would be monitored by two radar stations. The monitoring station located in the mid part of the traffic separation scheme Vela vrata, in the area of the lighthouse at the cape Brestova (C B1 (2) 12s 40m 13M), would allow surveillance of approach of ships from Kvarner bay towards the traffic separation scheme, the area of the system itself and partly the area of Rijeka bay. Installation of antenna of the radar system at the height of 50 m would allow detection of surface object in the range of 15.6 M which is sufficient for the surveillance of the entire area.  

  The possibility to monitor the entire area of Rijeka bay as well as the northern part of Vela vrata and the northern part of Srednja vrata would be feasible with the radar station installed in the area of navigation lights – lighthouse Mlaka (B B1 10s 39m 15M).  Installation of the radar antenna 5 m above the declared height of the navigation light would accomplish the range of detection of surface objects at the distance of 14.7 M. This is sufficient for the surveillance of entire Rijeka bay area, including the anchorages as well as a part of approach from the area of Srednja vrata.    

Such a configuration of radar stations allows the possibility to monitor the area of port of Rijeka in the part of Rijeka bay as well as the approach waterway to the port from Vela vrata area. The area of the ship approach towards the VTS system Rijeka from south Kvarner as well as south Kvarneric would be sufficiently monitored from the radar station Ucka. The position of all the radar devices in the VTS area of Rijeka is such that their fields of surveillance are overlapping, thus in case of failure allowing the navigation surveillance to be conducted with one radar system only.

Appart from the radar and AIS systems of surveillance, monitoring of each singular port basin in the area of the port of Rijeka would also be conducted via video surveillance. The area of Bakar basin would be monitored by video surveillance station in the area of the navigation light at the cape Kavranic (B B1 5s 15m 6M), which would allow the surveillance of ships approaching the area of Bakar bay as well as navigation in the bay itself and accommodation of ship at berth. For Ships approaching the area of Bakar bay would also be used video surveillance station located on the navigation light at cape Kijac (C B1 (2) 8s 14m 8M), which would primarily serve as a monitoring device for ships approaching and sojourning in the area of Omisalj basin.  

Video surveillance station located at the breakwater in the port of Rijeka would monitor the area of Rijeka basin port Porto Baros, the area of the approach and the anchorage in front of the port itself. The area of port basin Brajdica would be monitored by the video surveillance station placed at the navigation light in the port area (B B1 3s 7m 4M). This monitoring station would allow the possibility for surveillance of ships approaching the port for special purposes of the shipyard Victor Lenac. 

Due to the hydrographic characteristics of Rasa bay, the area of Rasa basin would be monitored from two video surveillance stations. The approach of ships to Rasa bay would be monitored from the surveillance station on the port light at the cape Mulac (C B1 2s 21m 3M). The remaining area of the bay would be monitored from the surveillance station at the navigation light at cape Prascarica (C B1 2s 8m 1M). Such a configuration of surveillance stations would allow the surveillance of Rasa bay, particularly in the area of Tunarica bay where a port of nautical tourism is planned to be built and thus additionally burdening waterway in the bay itself. Apart from monitoring particular port basins it is also necessary to adequately monitor the area of Plomin bay, which is located within the area of traffic separation scheme Vela vrata. The monitoring can be done by installing video surveillance on the navigation light placed in Plomin bay (Z B1 (2) 6s 9m 5M).   
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Picture 3: Placement of radar surveillance stations within the VTS system in the port of Rijeka area

Source: Made by authors 

In compliance with the decree of the Republic of Croatia all foreign ships arriving and parting from the port of Rijeka have to navigate trough Vela vrata. Due to the hydrographic characteristics of approach waterway in the area Srednja vrata and Kvarneric it is necessary to restrict navigation in this area to all merchant ships bigger than 500 BT and to all the ships carrying dangerous cargo. 
4. The advantages of introducing the surveillance system and navigation management in the waterway to the port of Rijeka
Considering that the port of Rijeka is the biggest port of Republic of Croatia with more than 13 million tonnes of cargo handled last year, the introduction of surveillance system and management of waterways to the port is justified. Taken into consideration that most part or 65% of total cargo handled in the port of Rijeka consists of dangerous cargo, mostly crude oil and its derivatives, as well as the possibility of building the LNG terminal, the introduction of the surveillance system is necessary needed in order to reduce the possibilities of accidents at sea which consequences would be incalculable. 

The hydrographic characteristics of singular port basins, in particular the basins for handling liquid cargo (Omisalj) and basins for handling bulk cargo (Bakar), allow accommodation of ships of almost unlimited dimensions. By planning, surveillance and management of maritime navigation in the inter island area of approach waterway towards the port of Rijeka, for such ships which due to its size have limited manoeuvring possibilities will be greatly reduced the possibility of navigation accidents.   

Apart from the restricted manoeuvring area due to the hydrographic characteristics of the waterway, in the area under study there is a noticeable crossing situation, thus presenting additional danger of collision. In the studied area of the VTS surveillance, can be determined right of way for particular categories of ships opposite to the rules for avoiding collisions at sea in order to reduce such a possibility.    

One of the areas of crossing situation is the area of system of separate navigation Vela vrata, where the ro-ro ships on the regular service between island Cres and the coast of peninsula Istria, cut across the traffic separation scheme. With the help of constant and momentary data of approach and the ship navigation in the traffic separation scheme, the regular service navigation of ro-ro ships can be planned in such a manner so that it is freed the space for traffic separation scheme for ships navigating to and from the port of Rijeka.   

The constant and complete information about the condition of waterway as well as the instant data about the maritime traffic within the monitored area would give the VTS operators the possibility to manage the waterway and in advance avoid the possibility of navigation accidents. The decisions made on the ship are based and limited by the data available provided by ship equipment. In the area of inter island navigation, such as it is a part of approach waterway towards the port of Rijeka , such a data available  is incomplete. Decisions are made on the basis of insufficient data that present danger for safety at sea.    

Apart from data gathering about traffic condition, the system would also collect all the other data that can influence safety at sea, such as meteorological data (wind, waves, sea condition, visibility), the data on the condition of navigation devices (remote controlled navigation lights, Racon devices), data on a momentary search operations and rescue or operations of pollution prevention. On the basis of complete information about the waterway condition as well as the vessel movement on it, it is possible to implement a good quality planning of maritime navigation on the approach waterway to the port of Rijeka as well as in the areas of its port basins. Two - way communication between the VTS operator and the ship would enhance the quality of this management.  

Besides the surveillance of ships coming to and fro the port of Rijeka there would also be a possibility to monitor all the other vessels, like sport and leisure vessels and fishing boats. Apart from using this data with the aim to increase the safe passage of big ships (informing the ships about the areas with a big concentration of fishing boats), such a data would be helpful for the work of future Coast Guard. With the help of data about the maritime traffic condition it could be determined in advance which vessels are subject to check up, thus improving the level of surveillance at sea. 

4. Conclusion

This paper describes and establishes the conditions for setting the recommended route and analyses the basic properties and structure of the possible VTS system. The proposed set up of the recommended route and the VTS system on the approach area to the port of Rijeka systematically takes into consideration the possibilities of surveillance and managing of navigation as well as the impact on increase of safety at sea and lowering the possibility of collision at sea.  

Such a set up allows for much higher safety at sea and lowers the possibility of collision at sea due to gross navigational errors or not observing regulations for preventing collisions at sea. With the timely informing of ships on waterways by the operator well informed on the state of affairs for the entire monitored area, there is a possibility of avoiding the possibly dangerous situations in advance.     

The data available to an officer aboard a ship is limited by the properties of his devices and his personal knowledge of the local circumstances. Such data in the areas of inter island navigation are incomplete, i.e. they do not show the entire waterway which provides for making of decisions based on information of a not sufficient quality. Added the ever bigger dimensions and the speed of modern ships and due to its hydrographical properties, the possibilities for collision at sea on the approach waterways towards the port of Rijeka is highly increased thus justifying the introduction of the above mentioned safety measures.    
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