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CONTENTS
Navigable waterways are sea traffic routes. The main characteristics of a navigational area are determined by the characteristics of its navigable waterways. Each maritime area may be a navigable waterway if it is sufficiently wide and deep. Navigable waterways have to satisfy the safety of navigation requirements, primarily the requirement of determining the position of a ship within the borders of the navigational route.

1. FORESEEABLE DIRECTIONS OF DEVELOPMENT
1.1 Free maritime traffic
Free maritime traffic realises the highest transport equivalent of 127 tons. Over 80% of the world exchange of goods is performed by the sea. In the next 20 years, the international trade of goods will be about 2 billion tons (approximately twice the present trade). That will require significant changes in technology/organisation of all sections of traffic, especially in maritime traffic. The situation also refers to the Republic of Croatia which is a maritime country with the sea as its optimal traffic route. The domain of maritime elements includes technical and navigational performances of a ship, navigable waterways (static/dynamic features), coast and coastline, islands and archipelagos, sea passages/straits, buoyage systems, watch points, primary/secondary location systems (GPS, DGPS, Glonass, Egnos, Eurofix, Galileo, WAAGS, ...), VTS systems, systems of communication links between a ship and coast, systems of pilotage, dangerous navigational areas/areas suitable for collisions, strikes, stranding, navigation of ships in all conditions, briefly, all elements which allow for safe movement of ships. The domain of transportation elements includes technological performances of ship(s), i.e., parameters that permit the realisation of transport effect of the ship(s), and which are determined by the maritime elements (productivity of tonnage, energy efficiency of the ship’s propulsion, the level of the transportation cost-effectiveness, productivity, primary and secondary exploitation parameters…) which is further conditioned by the organisation of the management. Free maritime routes allow undisturbed transit of goods and passengers in the growing maritime traffic. 

1.2. The system of control and management of maritime navigation (VTS system)
According to the definition of the International Maritime Organisation, VTS (Vessel Traffic Service) system is defined as a system of control and management of maritime navigation, that is, as a service established by the competent administrative body aimed at increasing the safety and efficiency of maritime traffic and at protecting the sea environment. The service must have the possibility to interact with the traffic and to find solutions for the current situation in the controlled area. The expected contribution of the established system of control and management of maritime navigation will be the improvement of maritime navigation safety and the improved protection of the sea and the sea environment. The VTS system has to allow for an integral and continuous control of the traffic in the observed area, and for all other circumstances which may affect the safety of navigation. On the basis of complete information about the condition of the navigable waterway and traffic happening there, VTS operators are able to make reliable decisions for managing the traffic. The basic information needed for making decisions may be divided to data referring to conditions, the traffic and the ships. Before making decisions and performing managing activities, the collected data need to be analysed and estimated, after which the results of the estimation are sent to ships in navigation. Collecting information about control systems and managing maritime navigation was at first done through radar systems; nowadays, however, almost all control and managing systems in the world collect data about traffic on the basis of radar systems and Automatic Identification System. The system for automatic and continuous exchange of identification and navigational data (position, course, …) works through appropriate VHF channels (VHF channels 87 and 88).            

1.3 Marine electronic highways (MEH system)
The system consists of a network of electronic navigational charts (ENC) using ECDIS and AIS identification systems. This concept has appeared in mid 90s and is connected to a more extensive range of information and better coverage and accuracy of data. Marine Electronic Highway are a relatively new concept and are not yet in wide use, but it has been planned that they will cover all major marine routes and will have a global influence to the safety of navigation and environment protection. The system has a large range of coverage so that it can be used by ships and their owners, maritime management, explorers, disaster centres, army, oceanologists, tourists and boaters. The advantages of the system are:    
· better coverage and identification of the ships in navigation,

· discovering illegal acts, 
· increase of maritime traffic  at navigable waterways
· prevention of sea pollution, 
· increase of regional coverage in data exchange, 
· increase of profit in shipping industry, 
· better planning of routes during bad weather, 
· improvement of links between private and public affairs,

· protection of coastal countries against increasing criminal and terrorist acts. 
The system has been employed in South Asia for over a decade under the name of Southeast Asia Marine Electronic Highway (SEAMEH), precisely in the busiest passage of Malacca for the transport of ail and gas and has proved to be safe.       
2. Classification of navigable waterways
 2.1. Ocean navigable waterways 

Ocean navigable waterways refer to areas where the distance to the nearest coast is exceeding 50 Nm, or to the outer border of shallow and hazards or to the continental shelf up to the depth of 200 m. In relation to the form of the navigational area, ocean navigable waterways are further divided to:
1. Longitudinal navigable waterways 
2. Transversal navigable waterways 

2.2. Coastal navigable waterways  
Coastal navigable waterways are within the coastal area, and the coast, island and channels are close. The distance from the coast is less than 50 Nm, or to the border of continental shelf up to the depth of 200 m. The safe area is called the “path” and it has to be the minimum of 1 Nm wide (if the traffic runs in one direction), and 2 Nm wide if the traffic is two-way. In relation to the form of the navigational area, coastal navigable waterways are divided to:

1. Longitudinal navigable waterways 

2. Transversal navigable waterways 

2.3. Port navigable waterways  
Port navigable waterways are located at approaches to ports, ports areas, bays, anchorages, channels etc. The place where a ship leaves coastal navigable waterway and enters a port navigable waterway should be the moment when the ship shifts its speed from service speed to manoeuvring speed. 

Port navigable waterways are divided to:

1. external – navigation towards anchorages
2. internal – from anchorages to berths, including channels and all navigable rivers. 

3. Main characteristics of navigable waterways
3.1. Hydrographic characteristics 
Hydrographic characteristics refer to the survey and detailed description of physical characteristics of the waterway. Here there are two procedures: hydrographic survey (made precisely, in compliance with IHO standards, which includes the survey and the verification) and (faster procedure of hydrographic survey verification). The basic characteristic is the depth of the sea: the vertical distance between the bottom of the sea and current level of the sea. What is important is charted depth – the lowest measured point of the depth. The relief and the appearance of the bottom are not important for selecting a navigational waterway. Hydrographic survey is related to the depth of the sea and reliability of the data on the chart. The spatial layout of the islands, obstacles, directly affects the configuration of the navigational waterway and its formation. A navigational waterway has to follow longitudinally the coastline. 

3.1.1. Tides
Tides are vertical rhythmic raising/lowering of the sea level. It is the result of difference in performance of centrifugal and gravitational forces. They affect the depth of the sea and consequently, the selection of the navigable waterway. 

3.1.2. Sea currents
Sea currents are horizontal motion of water masses. There are three main types:

a) geostrophic currents – occur because of imbalanced distribution of water, resulting in horizontal component of gradient of hydrostatic pressure, and consequently, in horizontal motion of water particles. 

b) currents generated by winds – occur because of friction between wind and surface of the sea. The energy of air particles motion is transferred to water particles. The speed of the current is the greatest on the surface, and lowers at the depth. The speed of the current created by the wind in the open sea may be up to 2% of the wind speed at 10 m above the surface of the sea, provided the wind blows 12 hours continuously. 

c) currents of the incline – currents of the sea denivelation are indirectly caused by wind blows. The wind pushes the water towards the coast or off the coast, thus creating the incline.  

3.2. Navigational characteristics of navigable waterways 
Navigational characteristics refer to characteristics which enable orientation at sea, positioning in all circumstances, management and control of ship motion, and complete buoyage. They are divided to: 

a) static characteristics – all factors which are not subject to significant changes in short intervals. 

b) dynamic characteristics – are more or less subject to changes during the course of time. 

The basic navigational characteristic is the level of coverage of a navigational waterway with navigational tools aimed at positioning. In theory of navigation it is assumed that there should be two control systems, primary (base) system and secondary (checking) system. In coastal and port navigable waterways buoyage is used – marking by sound, light and electronic means

The time of accessibility of the system for determining the coordinates of the ship’s position is the ratio between the time in which a system may be used with satisfactory accuracy and the complete time of navigation along a particular waterway. 

Spatial arrangement of natural and non-natural navigational obstacles refers to the number of islands and islets, shoals, cliffs, wrecks, icebergs etc.

Recommended and obligatory navigation routes are established in navigation areas. Such routes are parts of directed navigation, and VTS (or VTMS) are obligatory.

4. Meteorological and oceanographic factors of navigable waterways
Meteorological and oceanographic factors of navigable waterways are variable/inconsistent factors. Meteorological factors are: air temperature, pressure, density, humidity, wind, fog, precipitation, electric phenomena, visibility, etc.

Oceanographic factors are: sea temperature, salinity, density, transparency, elements of sea waves, currents, etc.

4.1 Meteorological factors
Wind: its influence is manifested in wind pressure in the direction of the ship’s motion. It can also be observed in the incline of the ship. The force that affects the ship has to be defined. Wind force is a vector and is defined by the wind’s pressure, intensity and direction.  

FW – longitudinal (lateral, side) ship resistance (N)
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ΘA – air density (kg/m3)







VW – wind speed (m/s2)







AW – area of the ship exposed to wind (m2)

Maximum force appears when active at the precise angle of 90° in comparison to the lateral surface of the ship. If the angle of performance is different, its projection will be taken. 

4.2. Horizontal visibility 

Horizontal visibility is defined as greatest horizontal distance at which a person with normal eyesight is able to observe an object in the horizon at normal daylight. Horizontal visibility can be described as:

a) extremely good visibility (limited by the distance of the visible horizon)

b) medium visibility (1-10 km)

c) poor visibility (<1km)

During the fog the levels of visibility are:

a) weak fog – visibility to 5 Nm

b) moderate fog – visibility to 500 m

c) strong fog – visibility to 200 m

d) thick fog – visibility to 50 m
Oceanographic factors
4.2.1. Waves 

 There are three main characteristics: height, length and wave propagation.
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   L – length of the wave (m), ω – wave frequency (work/s)
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   Hmax - height of the wave (m), DV – length of  luff (m)
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   PV – period of wave propagation
4.2.2 Currents
FC – coefficient of ship resistance exposed to sea current
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ΘV – density of sea water





VW – speed of current





AW – lateral area of the ship open to the wind
4.2.3. Tides
Hydrographic factors 
1. Sea depth  

2. Hydrographic survey of the navigational area 
3. Position of natural (navigational) hazards
4. Spatial arrangement of coast/islands
5. Presence of ice and icebergs
Navigational factors
The concept generally refers to maritime characteristics of the ship. They refer to navigational equipment and are divided in three groups:

1. devices which help determining (positioning) of the ship
2. determining obligatory or recommended navigational areas along a waterway

3. devices for control and management of the navigation
From the aspect of theory of risk there are two elements:

1. precision or accuracy
2. frequency of positioning (for GPS it is 1 second)
The area where a ship may safely turn from the route not encountering any hazard (e.g. one safe isobath)
5. Dynamic characteristics of navigable waterways
Dynamic characteristics of navigable waterways refer to the traffic of ships, i.e. their precise volumes – traffic density and the size of the traffic course. The main aim is to choose the safe navigable waterway.  There are ocean, coastal and port waterways. According to statistics, the most dangerous is port waterway. Therefore, the ships sail at manoeuvring speed and traffic density is generally higher there. The main factors of safety of navigation along navigable waterways are depth and width of the waterway. The requirements need to be precisely defined and criteria for meeting them have to be stated. 

In terms of navigation there are two different kinds: one-way navigation (all ships sailing into the same direction) and two-way navigation (ships sailing in two directions). 

5.1. One-way navigation
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                                                                         A – width of the waterway








   B – navigational path
                                                                          C – distance of the edge of the   waterway
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Channels
1. Unlimited channels have width that is 10 times wider than the largest ship sailing there. For a ship wide 32 m the channel should be 320 metres wide.

2. Partly limited channels have been dredged in the shallow water
3. Limited channels have the whole profile dredged. 

The largest width at the bottom is the relevant value which defines the width of the navigational waterway. At one-way navigation it is divided to two values: navigational path and the distance of the edge of the waterway. The width of the navigational path at one-way navigation is from 1.6 to 2.0 of the width of the largest ship sailing along the channel. 
5.2. Two-way navigation
                                                                         A – width of the waterway









   B – navigational path

                                                                          C – distance of the edge of the   waterway




It is required that the space between two navigation paths be a minimum 30 m. If the ships are larger, then the space between two paths needs to correspond to the width of the ships that might sail there.

The minimum width of the one-way waterway is 2.6 - 4 of the maximum width of the ship. For a two-way navigation the width has to be 6.2 - 9 of the maximum width of the ship. 

The ration between the current draft of the ship and the available depth of the sea is important. Minimum depth in the port navigable waterway equals to:

D = T + Z1 + Z2 + Z3 (m)  

where: D – is the minimum depth required for the safe navigation, T – is maximum draft of the ship, Z1 – is net under keel clearance, Z2 – is additional immersion (change of trim, raising at the waves...), Z3 – is the error of depth measuring (sludging). (Z1+Z2) is also called gross under keel clearance.

· Net UKC depends on the type of the seabed. For sludgy seabed it is 0.3 - 0.5 m, for sandy seabed it is 0.5 m, while for stony seabed it is at least 1 m.
· Gross UKC standard should be at least 30% of the maximum draft of the ship for open sea where the sailing speed is high and the vessels are subject to the waves, 25% of the maximum draft of the ship for channels open to waves, 20% of the maximum draft of the ship for all areas where manoeuvrings and berthing is done, and are exposed to waves, and 15% of the draft for protected areas for manoeuvrings and berthing. 
· The ratio between the depth and the draft is the border speed of 6 knots. For the speed up to 6 knots the minimum ratio should be 1.3, and for the speed above 6 knots the minimum ratio should be 1.5.

CONCLUSION
The proposed organisation of VTS and MEH systems in navigable waterways presents possibilities for control and management of maritime navigation, and its impact to the improvement of safety of navigation and reducing the probability of sea disasters. Navigable waterways have been described and their main characteristics and elements have been analysed. The organisation of control and management of maritime traffic in the observed area will contribute to the quality of maritime traffic and increase the safety of navigation and protection of the sea.      
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