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The future of the oil carriage on sea is reserved to the very large crude carrier ships. To operate these ships will be necessary to develop the present port petroleum terminals or to concept new ones, bigger and capable to receipt and satisfy these ships. 
An efficient method to solve this problem is representing by the off-shore terminals. In the present, the biggest harbor in the Black Sea is Constanta. His operational capacity related crude oil and derivates is limited at 150,000 tons ships, limit imposed by the restricted area for large ships maneuvers inside the port basins. Relating this situation with the increased interest of the European countries for the Caspian oil reserve is imperative to develop new terminals and solved will be the off-shore terminals. 
The off-shore terminals implementations request some facts to be taken in consideration and studied. Will be studied ship stability characteristics, the environmental factors with direct influence, as wind and wave and ship behavior for different loading conditions under external factors influences. Using simulation program we will have possibility to conclude about the safer condition and limits for operation in off-shore terminals of the very large crude carriers ships.
The use of high performance simulators represents in the present the most useful procedures in the research and study of different real situations. This fact is give it by the simulator possibility to offer information’s based on scale virtual models, or, virtual models identically with the real model, including also the real model behavior according to a real situation.
The first chapter – Introduction – presents the opportunity of the thesis, in the actual context of the world oil traffic, with a clear reference to the European context and European countries interest in the Caspian oil. 
In actual context of oil and natural gases exchange, an important element is represented by the carriers. The oil carriage is covered in this moment by maritime transportation in a proportion of 62%, the other 38% being mainly carried by pipe lines with a large development in Europe, Russia and United States, in connection through Canada and Alaska. By the sea, the biggest oil quantities are carried from Persian Gulf to Europe, South-East Asia and North America. 

In this way, the development of oil off-shore terminals in Romanian Black Sea area will facilitate the development of the entire coastal area, also the building of a strong and rentable shore infrastructure able to take and forwarding the oil quantities operates in the off-shore terminal.
This development, through Romania integration in the European Union space, will represent a huge opportunity to acquire found in order to improve and extend the present facilities for oil transport and operation. 

The local and regional development will suppose to realize ample oil pipes connectivity in order to facilitate the oil transfer to the western European countries or to south European and Mediterranean countries.
Constanta can be an attractive alternative for the neighbor countries for the oil transfer from very large carrier ships to their land stare areas in contrast with the present situation, when is necessary to use terminals from north of Europe or western Mediterranean countries, only able to operate very large ships in this system.

The thesis objectives are classified in principals and secondary, the secondary being strength related to the principal objectives.
The main objectives are:

· the study of the ship-operational buoy dynamic system oscillations;

· verifying of ultimate strength criteria for connection lines between ship and operation buoy;

· ship intact stability and general strength in still water for typically loading cases of ship during cargo or ballast water transfer.

To achieving of the main objectives, presented before, a number of secondary objectives are contributes, like:
· the study of damage stability for different ship loading conditions;

· cargo tankers liquid free surfaces effects on ship stability;

· analyze of the environmental factors and their impact on ship under operation at off-shore terminals;

· analyze of ship motion under environmental factors actions during operation in terminal.
Also, in the present chapter are described the actual international regulations regarding to oil carriage on sea. These regulations and recommendations are presented according with their historical chronology and what impact and changes bring it in this sea transport field.
The present international regulations and recommendation in force are:

· International Convention on Load Lines, from 1966;

· International Convention for Prevention of Pollution on Sea, “MARPOL 73/78”, from 1973, amended in 1978;

· Oil Pollution Act “OPA ‘90”, from 1990;

· European Directives EC/417/2002, from 2002 and EC/1726/2003 from 2003;

The second chapter – The present stage of oil carriage on sea – is dedicated to the presentation of the actual trends in tanker ship structure design, starting from the single hull tanker ships and emphasizing the double hull structure system, including particularities of this tanker building system and possibility to conversion of the earlier tankers, single hull in double hull tankers.

During designing and building of the oil tankers must to be taken account the following elements:
· possible complementary dynamic solicitations;

· decreasing of the initial longitudinal and transverse stability due to liquid free surfaces;

· changing of liquid cargoes volume during carriage due to temperature variations;

· increasing of cargo tankers structure corrosion;

· increasing of fire and explosion danger due to air and oil vapors combination.

The double hull building is not a new one, been applied successfully to the bulk cargo ships and to some of the oil tankers because of costs affectation, this design affecting the building costs and reducing the cargo quantity carried.
The double hull concept is based on protection of cargo tankers with ballast tanks in the wing and ship bottom areas. This fact is realized in two building ways, according with the ballast tanks configurations, in the “U” form and in the “L” form.

Tankers with tonnage over 150,000 tons will be build in longitudinal system with double bottom, double wings and simple upper deck. Two longitudinal walls separate the cargo area in a central tank and two wing cargo tanks or a single longitudinal wall divide the cargo area in two tanks, portside and starboard.

The tensions developed in the ship hull during operation are the same like for a single hull tanker ship, the development areas are the same, but, in some places can be higher than for a single hull tanker.
The structural requirements for double hull tankers are imposed by the classification societies and are updated latest to 2006 year level.

In the second chapter are presented the actual terminals used for off-shore operation of oil and their advantages and disadvantages according with their building particularities and area of positioning.

The most used off-shore system is the mono-buoy mooring system, used in ports areas, extraction field and also in case of oil transfer near a marine drill platform. This type of terminal consists in a special design buoy, anchored with 4 to 6 anchors or fixed with pillows strong implanted in the sea bottom. This buoy is placed in deep sea areas and allows mooring of large tanker without tugs assistance needs.

Similar to the first one it has been developed the system with only one anchor, single anchor leg mooring. In this case, the buoy has the only scope of ship mooring, the transfer lines being placed under the ship keel of the largest ship operate in the terminal. This design avoids the situation of transfer lines damage in case of ship getting into contact with the buoy. In case of contact between ship and mooring buoy, only the buoy is affected without implications on oil transfer structure.

The third chapter – Tanker ship’s stability – synthesizes the ship stability theory with his particularities related to oil tankers. The stability criteria’s for tanker ships are presented according with the international regulations requirements for these ships. The stability criteria’s are presented for intact ship condition and also for damage condition.
Ship is affected by solicitation due to general loads acting statically, like, displacement weights components, hydrostatic pressure forces, or dynamic actions, like, inertial forces, hydrodynamic pressure forces, forces generated by vibrations.

In the study of high angle of heel there are evaluation criteria, based on comparing of calculated data with data corresponding to critical situation possible to be taken by ship. 

In this way, the International Convention on Load Lines, 1966, give some general stability criteria’s for ships. These general criteria’s entire are fixed taking account the following elements: static stability diagram, initial Meta center height, wind moment of heel, ship coverage with ice.

On board tanks, as oil and fuel tanks, technical and drinking water tanks are daily used for ship activities and can’t be keep it at full or empty levels. The effects generated by these tanks must be always taken in consideration when ship stability plan are done. 

During time have found different solutions for reduction of liquid free surfaces effects on ship stability, but no one could reduce completely.

For oil tanker ship’s liquid free surfaces effects are treated for ballast and loaded conditions regardless to other ships type. Here, free surfaces can produced in cargo tanks, ballast tanks, oil and fuel tanks and water tanks. According with dimensions and quantities, most important are the cargo and ballast tanks as produced effects of liquid free surfaces on ship stability.

Study of liquid free surfaces and their effects on ship stability for tanker ships is very important because history shows that a number of tanker ships accidents and hull damaging had produced due to bad stability caused by these effects and by the impossibility to fix its on producing moment.

The fourth chapter – Tensions and efforts in the tanker ship hull – present the tensions and efforts developed in the tanker hull during loading/unloading operations and the present international recommendations for measuring of them values, the critical values according with the ship loading state and reference ship area.
The study of tensions and efforts are realized starting from consideration of ship as a rigid beam and developing the concept to the real loads on ship hull.
The fifth chapter – Environmental factors characteristics for Constanta area; their influence on ship operating at off-shore terminals – presents the environmental factors and their actions in Constanta Black Sea area and how these affects the operation of ships at off-shore terminals.
To analyze weather elements as winds and waves we have been using multi-annual statistics made for coastal area, in study being included only the elements with a high impact on the off-shore terminal.

Wind is one of the meteorological elements which depend by a series of physical characteristics manifested in the atmosphere and also on the active surface, like shape, dimension and position of relief forms.

Dominating winds in Constanta area have west and northwest direction, with a annual frequency of 27.3%. Quarterly balance of calm periods, by months, are: December-February: 9,8%, March-May: 11,9%, June-August: 14,5% and September-November: 12,7%.

The action of waves depends on many factors, like sea depth, coast configuration and sea bottom aspect. The direction of propagation of the waves is induced by the predominant wind direction, generally from north and northeast directions. The heaviest sea is encountered in winter time, higher waves being induced by the northeast winds, with a high over 3.5 meters during a wind speed of 30 to 40 m/s. Waves induced by the south and east winds are the lowest, with a height of 3 meters, respective of 1 meter.
 Different measurements and experiments made in the Black Sea have shown the existence of a non usual water flow, caused by several factors like: physical aspects related to temperature differences, water density, salinity in horizontal and vertical planes, winds action and their impact, with different consequences on relief forms, presence in the north east part of the sea of a very large tideland, water exchange with Mediterranean And Azov Sea. The surface water flow is determined by the air masses flow, this being dominated by the north-south air movement; the water flow is directioned also from north to south, producing a marine current with speed of 0.2-0.56 m/s. 

The sea bottom aspect is characterized by three distinct zones: the continental platform, the continental slope and the deep area.

Continental platform is met up to depths of 180 or 200 meters, being irregularly because of the presence of submerse rocks.

Continental platform slope has values of 1.4‰ in the north sector and 2.2‰ in the south sector.

The sea bottom structure up to 25 meters from the coast is represented by sand and up to 175 meters have a mud composition.

The sixth chapter – Mathematical modeling and simulation of tanker ships behavior during operation at off-shore terminals – presents the study of large tanker ship behavior during cargo transfer in an off-shore terminal. For this reason will use ship motion mathematical equations and simulation programs based on these equations.

The equations terms represents the internal and external forces and moments applied on ship, like: inertial forces and moments, buoyancy force, ship weight, longitudinal and transversal restoring moments, hydrodynamic forces and moments on ship hull, wind, wave and currents forces and moments and additional, forces and moments generated by the ship-buoy complex. 

Ship motion is described by equations like:
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for forces moments.
In the previous equations, notations are: m11, m22, m33 = added masses, I11, I22, I33 inertial moments of the water on correspondent axes, Fx, Fy, Fz = on ship acting forces amount on correspondent axes, Vx , Vy, Vz = velocity components on correspondent axes, ωx, ωy, ωz = angular velocity on correspondent axes and Mx, My, Mz = forces moments amount on correspondent axes.

During calm period, ship hull inertial forces are proportionally with the ship mass and water inertial forces are considers added masses or added inertial moments to the ship mass or ship hull inertial moment.

Hydrodynamic forces and moments on ship hull, considered without appendices, depend by the hull shapes, drift angle and transverse inclination angle and are mathematical expresses through formulas like:
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for forces, and
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for moments.

In relations (3) and (4), the notations used mean: Vrw = relative ship velocity, CxF, CmxF = hydrodynamic force and moments non-dimensional coefficients.

 To calculate ship hull surface exposed to hydrodynamics forces we have to take into account the draft variation in time due to ship cargo operation, t0 draft at ship arrival in terminal and tf the final draft after complete loading.

To have a complete image of tanker ships behavior under operation at off-shore terminals it must be taken into calculation the influence of wind, waves and currents, most important firsts, because of the risks raised from their action. Principal risks determined by the wind and waves as wind action results, are represented by the tensions in mooring lines and ship moving around operational buoy with the possibility to affect connection pipes.

In the present paper, the wind is considered as uniform flow around the ship with constant direction and velocity. The true wind velocity is average velocity value at 6 meters height from sea surface and is expressed by Beaufort number, according with the same named scale.

Aerodynamic forces and moment on ship hull are expressed as longitudinal and transverse components, using relations like:
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where: Va = wind relative velocity on ship, φvr = relative wind direction and CxAC = non-dimension aerodynamic coefficient 

Sea rough model used can be represented as a super positioning of simple sinusoidal components with different amplitudes, frequencies and directions, according with following relation:
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To be able to determine wind and wave influences on ship-buoy complex, there must be known the forces produced by these in the complex components, like tensions in mooring lines and tensions in buoy anchor chain.

Force on mooring line is calculated using formula:
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where: ε = elongation and depends by the line length.

As a general rule, force determined with relation (10) must be always less as value than the breaking force value characteristics to each type of line used.

Force generated in the buoy anchor chain must be always smaller than anchor tear force.

The off-shore terminal was considered to be positioned at 12 nautical miles by Constanta harbor entrance limit, out of ship anchorage area and without any interference with ship recommended routes from south to north or east to west. This position is characterized by depths of 40 to 50 meters, sand bottom and without protection against dominated winds.

To have concluding results about tensions develop in ship mooring lines during operations has been chosen different ship loading conditions. Also, for each loading condition has been considered ship under action of different winds speed and direction.

Loading conditions selected for study are ship in ballast, with minimum ballast quantity on board, ship loaded 30%, 50%, 70% and complete loaded, 98% of total cargo tanks volume.

According with multiannual study of winds velocity and direction statistics for Constanta area has chosen to apply on ship winds with direction east, south-west, north-west, north and north-east, having velocities of 6 m/s, 10 m/s, 14 m/s, 17 m/s and 25 m/s. Waves generated under action of these winds have heights of 1.2 meters, 2 meters, 3 meters, 4 meters and 5 meters in accordance with wind velocity.

For ship mooring at operational buoy have used usual lines met onboard of tanker ships, with length of 70 meters and characterized by own extensibility and broken force as in below table.

	Line type
	Extensibility

[%]
	Broken force

[kN]

	Type A (polypropylene)
	12
	882

	Type B (polyester)
	8
	588

	Type C (dyneema)
	5
	2646

	Type D (steel wire)
	2
	4900


Table 1. Mooring lines characteristics

In this abstract I shall present only the case of ship 50% load have considered ship under action of a wind north-west direction and velocity of 14 m/s. Waves generated by the wind in terminal area have heights of 3 meters. During all considered period remain constant as direction and velocity. 
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Figure 1. Consecutive ship position for wind north-west direction, velocity 14 m/s

At the moment take as initial ship has filled in proportion of 40%.

Under wind and waves action ship have a rotational movement around operational buoy of 150 degrees, from initial position to final position considered as equilibrium position under wind.

During ship movement, due wind and wave action on ship hull and ship trim and hell, maximum values of tensions recorded in ship mooring lines doesn’t touch the broken force value of each type of line used.

	Line type
	Maximum tension in lines [kN]

	
	Portside
	Starboard

	Type 4
	238.865
	80.772

	Type B
	297.784
	82.908

	Type C
	481.435
	62.779

	Type D
	694.447
	105.830


Table 2. Maximum tension on each line for ship 50% load

Maximum tension in portside mooring line have recorded during ship consecutive position number 2, still keep it high during next consecutive position, up to position number 5, but with values under maximum.
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Figure 2. Portside and starboard line tensions

After consecutive ship position number 5, tension in portside mooring line has an increasing trend till final position of ship under wind.

Analyze of mooring lines tensions show that the ship keep position in terminal, no one of lines are broken, also ship movement not affected the buoy or transfer connection tubes. To prevent the possibility to force too much ship mooring lines is necessary to control very well ship trim and hell and to take care about the possibility of self-running of cargo from one to other tanks, also possible for ballast tanks. These possible situations can create in time problem for ship stability and ship-buoy complex in case of weather become worst.

The seventh chapter – Personal contributions and sequels for the researches
Starting from the advantages offered by the operation of very large tanker ships at off-shore terminals, considered this a research domain where I can bring my own theoretical and practical contributions for development of this type of terminal in Constanta area.

In this way, own contributions, based on thesis objectives, are focused on:

· tanker ship stability criteria’s;

· proposal of measures for restoring of damaged ship;

· liquid free surfaces influences on ship stability;

· measures for reduction of effects produced by liquid free surfaces;

· solutions for improving of very large tankers operation at off-shore terminals in Constanta harbour area, based on:

· analyze of longitudinal and transverse ship stability;
· analyze of efforts in ship-buoy connection lines;
· analyze of ship movement during operation in heavy weather conditions.
All these contributions lead to conclusion of possibility to develop oil off-shore terminals in Constanta Black Sea area with some conditions regarding the control of ship stability during entire operation and the choosing of connection lines according with ship state and weather conditions presents or estimated.

The risky situations can be meet in extreme operational condition, as strong wind and heavy seas, when the proper solution is represented by the maneuvring of ship to harbour area or other protected area.
Chapter eight – Final conclusions – presents the theoretical and practical aspects regarding the implementation of external oil terminal in Constanta harbour area.
The building of an external oil terminal in Constanta area supposes to analyze first the particularities of the operational conditions.

The environmental factors used for study which have impact on a ship under operation, have values based on real measurement made in time for a complete year period.

To see ship behavior under cargo transfer operation and under the environment factors action has used mathematical equations for description. These equations are met also in the background of the simulation programs used for recorded of lines tension values according with ship behavior.
The simulation was developed for different situations met during operation and in concordance with the geographical and weather conditions for Constanta area. There were made five simulations, based on most frequently winds in the region, for five different loading conditions.

The analyze of simulation results allowed to determine the risk situations that can appear and what operational actions must be taken onboard ship’s in order to reduce the environmental factors effects on ship during operation and to prevent ships positioning in a dangerous, possible disastrous situation.

Results of studied situation led us to the conclusion that the case scenario can be dangerous, because of wind force and wave height, but also operable if trim and heel of the ship are strictly supervise and correctly corrected, in order to avoid the situation of higher tensions in mooring lines and, in case of more extensible lines, to reach the broken force value. 

As a final conclusion, it can be considered this area as being safe for tanker operation at off-shore terminals in normal weather conditions and for large tanker ships and is possible to operate up to a sea rough state of 7-8 degrees, applicable to tankers loaded over 50 percents of total capacity.
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