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Abstract

:

The objective of this work is to develop a case study in order to improve the ballast water management in the Black Sea’s ports. From this perspective, the present paper provides an extensive explanation about the main issues related to the control of marine non-indigenous species introduction through ballast water discharged by ships during their operations in the ports. Thereafter, it quantifies the amount of the ballast water discharged in the major ports of the Black Sea and the amount of the invading species that could reach these ports. Although, globally speaking, the problem of ballast water management is a reality, only three of the six neighboring countries in the Black Sea basin have signed, in 2004, the ratification of the International Convention on Management of Ships’ Ballast Water and Sediments. This is also known as the Water Ballast Management Convention, and it provides regulations concerning ballast water management generated by the shipping activities through a common set of rules.
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1. Introduction


Maritime transportation in the Black Sea has increased in the last years and requires suitable measures for safe navigation and environmental protection. The quality of the information regarding the prediction of sea state conditions, or of other natural phenomena that influence the maritime transport safety, is extremely important. Although the fetch for wave development is considerably smaller in the Black Sea than in open ocean, very strong storms are sometimes present, and they can generate waves comparable even to the high ocean waves [1,2,3]. The maritime operations are usually very dynamic in the coastal areas [4], near to the major ports; on the other hand, some coastal sectors are very dangerous for navigation, for example, those which are close to the mouths of the Danube River [5,6].



All vessels need to have adequate stability at sea, and the ballast is used to control it and also to maintain the appropriate draft of the boat. Ballast is defined as a form of balancing an object—it is an unwanted element, but shipping effectiveness requires its use. In the naval field, the ballast once appeared in solid form, using stones, metals, and other materials. When shipbuilding evolved to more complex forms, using metal sheets as the raw material, the liquid ballast form was introduced. This liquid ballast was quickly adopted due to the lower cost and time of the water handling of the ship’s tanks.



Ballast for a ship has multiple roles in unloading the cargo, with the most important ones listed below:




	
Makes an optimal draft to correct the propeller efficiency;



	
Amends the trim of the ship, reducing the operating costs;



	
Reduces the structural stress resulting from the uneven distribution of masses/weights on the length of the ship;



	
Improves the stability of the ship.








The ballasting/de-ballasting procedures are graphically illustrated in Figure 1. Ballasting begins when the cargo carried on board is unloaded in the port. It can be seen how the water level in the tanks increases as the cargo area is emptied. De-ballasting takes place when the ship arrives at the port where the ship must load the cargo. When the cargo is loaded aboard the ship, the water from the ballast tanks is discharged by pumps especially dedicated for this operation.



Although many countries seem to have understood the importance of limiting traffic with the globalization of the dangerous species and pathogens from one geographic area to another [7,8,9,10], the EU has not yet adopted a valid regulation for all countries [11]. What is also highlighted at the regional level, in Table 1 (data processed from [12]), is that out of the six countries bordering the Black Sea, two countries have been members of the EU since 2007. Thus, Bulgaria and Romania are countries that have not signed the convention.



The Convention is not ratified in the Black Sea, although it is known that there is a precedent in this marine environment of relationships with invasive species with major ecological impact [13]. In the agenda of the last conference held in London, the session of the International Marine Organization’s Marine Environment Protection Committee (IMO MEPC) 71 also raised the problem of noxious species in the ballast water. It has been decided that, starting in September 2017, all new ships will be fitted with ballast water treatment systems. For the ships that were already in operation before September 2017, depending on the schedule of the next mandatory docking, they are required to comply with the new procedures governing the management of ballast water and its treatment.



Due to the fact that not all ships will be able to implement functional ballast water treatment systems, in order to maintain profitability, the Black Sea ports will have to invest in new facilities for the treatment of the ballast water. Having these facilities, the possibility of becoming more attractive destination points for a larger number of commercial ships will increase.




2. Incidents of Harmful Species as a Result of the Global Ballast Water Movement


The Target Areas


Invasive species are those organisms that are introduced anthropically into a new environment where they can adapt, multiply, and spread, thus damaging the natural systems of that environment, as well as its economic activities [14,15]. Regarding the Black Sea basin and the Romanian coastal environment, various studies presented the non-indigenous species that invaded this area [16,17,18,19]; a selection of these are given in Table 2.



In the 1980s, the Black Sea faced the jellyfish “Mnemiopsis leidyi”, which affected the entire trophic chain in this marine ecosystem [16]. The implications of this episode have been traced to a number of plankton-eating fish. The disappearance of the plankton has led to a chain reaction, ultimately affecting the dolphins and the sharks from the Black Sea, as well as the entire fishing economy in the neighboring countries of this affected ecosystem. The impact on the economy has been a major one. According to specialist studies, the losses to the fishing industry would have been around $200 million in 1997, only for the Black Sea. The situation in the Black Sea has improved, almost naturally, with the emergence of the new invasive species, “Beroe ovata”, a predator that feeds on other jellyfish. This was identified in the Black Sea in 1998, according to the information presented in Table 2.



The main target of the “Beroe ovata” species, in the Black Sea ecosystem, is “Mnemiopsis leidyi”. By its unpleasant appearance in this sea environment, it has led to the regulation of the trophic chain by diminishing the population of “Mnemiopsis leidyi”. The same jellyfish “Mnemiopsis leidyi”, originally from the West Atlantic area [20], migrated around the 1990s from the Black Sea to the Caspian Sea, where they followed the same pattern. Thus, it has succeeded in affecting the population of the Caspian Sea species. For example, “Pusa caspica” is now threatened by extinction [21], according to the International Union for Conservation of Nature (IUCN) red list of threatened species.



The territorial expansion of the Mnemiopsis leidyi jelly seems not to have stopped. Thus, in 2006, it was identified both in the North Sea and in the Baltic Sea. Its effects on these environments are still unknown. A possible journey route of the jelly fish could be via the Black Sea-Danube-Main-Rhine navigation corridor, and also through the ballast water of ships. According to Table 2, it can be seen that a large variety of foreign species arrived in the Black Sea from various other areas of the ocean through the ballast water transported by commercial vessels. It has to be highlighted that not all these species are harmful, but their migration needs to be monitored and prevented.



Migration from the ports in the Black Sea is ensured, especially by surface currents [22,23]. These water currents create conditions for the accelerated spread of organisms from the local level to other currents that act on a very large area. Such factors create the probability of an aggressive spread of species which find a favorable breeding medium in the Black Sea. Climate changes lead to an increase in the coastal use [24]. This could elevate the vulnerability of the harbors regarding any type of problem, such as invasive species. Soft solutions could be used to tackle them. On the other hand, sea level rise could lead to a change in the amount of water discharged as ballast, which could have an impact on the number of samples of invasive species transported.



Conditions of an increase in the duration and energy of storms [25] might enhance the mortality of the jellyfish. On the other hand, it could change the patterns of the natural transportation of invasive species, as well as artificial patterns, due to the redesign of ship routes as a consequence of harsh weather [26].



Worldwide incidents with “alien species” have occurred and they are still taking place, so it is desirable to regulate the treatment of the ballast water through the International Convention on the Management of Ships’ Ballast Water and Sediments.





3. The Black Sea’s Ports


Maritime traffic in the Black Sea mainly takes place between the ports of Constanta, Odessa, Novorossiysk, Samsun, but also from and to the Mediterranean Sea, through the Bosporus Strait. The main factor that poses a threat to the Black Sea from the point of view of invasive marine life is a positive economic practice and is desired by all states in the Black Sea region, namely, goods export.



Furthermore, the export of products made on long water routes exceeds the Black Sea area. The danger arises when, for the goods transported for export, the vessels used are ballasted with water from geographical areas other than the Black Sea, Figure 1. Thus, the ballasted vessels entering the Black Sea ports are required to de-ballast the water from the ballast tanks at the time of loading the goods on board. Water from geographic areas other than the Black Sea, if not treated before discharge into the port area, can bring with them pathogenic elements that can create pandemics in the marine ecosystem [27].



Demand for transport exists. This is presented in Table 3 (data processed from [28,29,30,31], where we can see the need for maritime transport services by volume of exported goods, expressed in tons. For the most important Black Sea ports, the export demand for 2016 was about 110 million tons of cargo.



Taking into account the fact that there are exports in this way, maritime transport comes with associated risks that the ballast water presents. This should lead to the adoption of a ballast water treatment system and its rules, even in the Black Sea, thereby reducing the risks to this natural biosystem via the ballast water brought by shipping vessels [32].



Ballast water from outside the Black Sea transported through the ballast tanks of vessels can be calculated as follows [33,34]:


  B W =   37.72   100    D W  ,  



(1)






   D W  C C =   94   100    D W  ,  



(2)






  B W =   37.72   94    D W  C C .  



(3)







A short explanation will be given next. Thus, ballast water represents the water carried in the ships’ tanks to improve stability, trim, balance, or structural tensions. Deadweight (DW) indicates the measure of a vessel’s weight-carrying capacity. This does not include the weight of the ship itself. Deadweight cargo capacity (DWCC) indicates the measure of how much pure cargo can be loaded, without provisions, lubricant, and fuels for the vessel.



Results from Equations (1)–(3) indicate that the ballast water (BW) accounts for 40% of the transported cargo (DWCC), a value known from Table 3. These results are assuming that the ships leave the port fully loaded, which is an ideal scenario for a basic calculation. In reality, not all the ships leave the harbor with cargo holds full, but because not all local exports leave the Black Sea geographical area, we work with this percentage, which will compensate somehow by moderating the differences. Thus, for the year 2016, for the four major Black Sea ports, this results in a volume of about 44 million tons of potentially hazardous ballast water. Despite this obvious evidence, Romania and Bulgaria have not taken any action in this respect, and no EU directive has been ratified regarding these aspects.



The traffic from the Bosporus Strait is a very intense one—more than 21,000 vessels (see Table 4, data processed from [35]) that pass annually to the Black Sea, from which over 30% present significant risks. In order to remain competitive at an economic level, the Black Sea ports must adopt methods to increase or maintain the maritime traffic in the region.



According to Figure 2, it is easy to understand that, by creating the port facilities, shipping will increase in these areas, or at least it will not decrease. Starting from the premise that not all shipowners will succeed or will not be able to bring their entire fleet of ships to the standards imposed by IMO, the Black Sea ports should come to their aid. Carrying out a modernization of the entire fleet, depicted in Figure 2, implies a fairly high financial availability, and most of the owners of such vessels will seek to avoid or delay as much as possible such investment.




4. Case Study, the Port of Constanta


Ballast water treatment devices should only be forecasted for future investments, as solutions exist on the market. Only a forecast of the demands for the type of service that the port can offer to the ships arriving to be loaded with cargo should be made. Once a possible scenario for the facility demands is established, the type of the vessels’ access to these ballast water treatment devices will be established.



There is the possibility to purchase containers, which can be transported by a trailer at the quays, that require externalized treatment of the ballast water, schematically presented in Figure 3. The advantage of this method is that it is cheaper in terms of the device displacement and even functioning because it will be connected to the power resources of the port. Of course, the initial purchase price is much lower than other solutions. The disadvantage would be the time—being able to condition the cargo operations in a timely manner.



The second solution may be a barge dedicated to ballast water treatment, as presented in Figure 4. The main advantage of this choice is the opportunity to save time to carry the cargo handling maneuvers in the port because the barge can accompany the ship outside the harbor. The barge can operate outside the port only in weather conditions favorable to this operation, and it is known that the Black Sea is a rough sea, at least in the winter season, and some recent studies showed that this feature will be even more accentuated in the future [29].



The disadvantage is the relatively long time until the port can be in the possession of such a barge because it involves the construction steps of a ship: concept design, offering, design, and construction. Also, the higher costs, maintenance, operation, and acquisition may be a disadvantage in choosing this solution.



The port of Constanta, which is the most important European Black Sea port, will be considered next as a case study. According to Table 3, the total goods exported from Constanta Port represent 17.2% of the total calculated for the four major ports considered in this table. Thus, 17.2% of the ballast water (44 million tons) brought by the vessels carrying goods for export from the Black Sea reaches Constanta Port.



Annually, 7.6 million tons of the potentially hazardous ballast water is discharged into the port of Constanta (see Table 5). Approximately 15% of the ships sailing in the Black Sea were built after January 2010 [34]. However, this does not guarantee that these ships have installed or use the ballast water treatment system. This is due to the fact that the convention is not adopted in all countries. Thus, even if the vessels have ballast water treatment systems, they may not use them in order to avoid the unjustified costs.



The minimum capacity foreseen for Constanta’s harbor consists of the conditional assessment of the year 2022, when IMO will enforce the ballast water norms. Under these conditions, 4.16 thousand tons of ballast water will have to be treated daily by the facilities of Constanta Port if it is desired to keep the flow of the ships at the level of this moment. This means that 173 tons of ballast water per hour must be handled in the port. Taking into account the possibility of increasing ship traffic in the port, this value should be added.



Considering this case, the result is that it would be enough for one container system to have a treatment capacity of 300 cm/h. Nevertheless, the recommendation would be to acquire three containers, justifying the desire to keep (or even increase) the number of the ships transiting Constanta Port. The possibility of carrying out more detailed studies according to future port management projections is also considered at this point.




5. Conclusions


According to the present study, the need to adopt policies against the unmonitored discharges of ballast water into the Black Sea basin must become a priority in the foreign policy of the six neighboring countries. The risk of a new episode similar to that of the 1980s is quite large, and serious work should be done to prevent history from repeating itself.



Furthermore, the Black Sea ports will need to address the shipowners and shipping companies with new facilities, to meet new market needs, and to take over the shipowners’ financial burden of investing in re-technology of fleets with ballast water treatment systems. This approach will enable maritime traffic which will sustain the profitability margin of the ports concerned.



The calculation pattern presented in this work can be applied to all the ports of the Black Sea, as well as others. It will help the decision-makers in ports to scale up the needs and solutions quickly for the basic design stage of implementing modern facilities for active operations of monitoring and controlling introduction of non-indigenous marine species to the Black Sea’s ecosystem. For example, the Mediterranean Sea, which is connected to the Black Sea via the Bosporus Strait, has a regional strategy addressing ship’s ballast water management and invasive species [36].



Finally, every solution adopted, following a feasibility study, should also be based on a multi-scenario forecast to facilitate technical and economic optimization.
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Nomenclature




	IMO
	International Marine Organization



	BW
	Ballast water



	DW
	Deadweight



	DWCC
	Deadweight Cargo Capacity



	MEPC
	Marine Environment Protection Committee



	IUCN
	International Union for Conservation of Nature
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Figure 1. Ballasting/de-ballasting procedures for a bulk carrier. 
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Figure 2. Diagram of the port’s strategy. 
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Figure 3. Harbor’s facility—ballast water treatment (BWT) container. 
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Figure 4. Harbor’s facility—ballast water treatment barge. 
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Table 1. Status of Black Sea countries for International Marine Organization (IMO) Ballast Water International Convention.
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	As of 28 July 2017
	Ballast Water 2004





	Bulgaria
	No



	Georgia
	Yes



	Romania
	No



	Russian Federation
	Yes



	Turkey
	Yes



	Ukraine
	No
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Table 2. Selection of alien invasive species in the Black Sea.
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	Species
	Origin
	Ecological Type
	First Mention
	Status and Ecological Impact





	Rathkea octopunctata
	Atlanto-Mediterranean
	plankton
	1959
	Casual. Insignificant ecological impact.



	Mnemiopsis leidyi
	North Atlantic
	plankton
	1987
	Established. Species with major ecological impact on plankton and nekton communities



	Beroe ovata
	North Atlantic
	plankton
	1998
	Established. Predator specialized on Mnemiopsis. Major impact.



	Rapana venosa
	Indo-Pacific
	benthos
	1963
	Established. Radical changes in benthic native communities.



	Anadara (Scapharca) inaequivalvis
	Indo-Pacific
	benthos
	1984
	Established. Radical changes in benthic communities. Dominant species.



	Mya arenaria
	North Atlantic
	benthos
	1968
	Established. Radical changes in benthic communities. Dominant species.



	Neocalanus gracilis
	Pacific
	plankton
	1979
	Established. Impact unknown.



	Mesocalanus tenuicornis
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Paracalanus aculeatus
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Paracalanus nanus
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Calocalanus pavo
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Calocalanus plunulosus
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Calocalanus arcuicornis
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Ctenocalanus vanus
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Microsetella rosea
	Cosmopolite
	plankton
	1960
	Established. Impact water.



	Corycaeus furcifer
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Corycaeus clause
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Corycaeus (Agetus) typicus
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Corycaeus (Agetus) flaccus
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Calocalanus pavoninus
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Calocalanus tenuis
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Oncaea mediterranea
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Oncaea minuta
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Oncaea dentipes
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Euterpina acutifrons
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Neocalanus gracilis
	Cosmopolite
	plankton
	NA
	Established. Impact unknown.



	Mecynocera clausi
	Cosmopolite
	plankton
	1979
	Established. Impact unknown.



	Pontella mediterranea
	Atlanto-Mediterranean
	plankton
	NA
	Established. Impact unknown.



	Palaemon macrodactylus
	Indo-Pacific
	benthos
	2009
	Established. Chances in benthic communities
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Table 3. Annual report of the tonnage exports from Black Sea’s ports.
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	Ports/Exportsx000 Tons
	2011
	2012
	2013
	2014
	2015
	2016





	Constanta
	16,195
	16,260.8
	21,176.3
	21,782.4
	19,439.4
	21,631.8



	Odessa
	
	
	
	
	19,020.88
	18,999.06



	Novorossiysk
	
	
	
	64,137.6
	66,259.8
	68,460.6



	Samsun
	553.52
	725.78
	770
	
	790
	800



	
	
	
	
	TOTAL
	105,510.1
	109,891.5
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Table 4. Annual reports of the ships sailing to the Black Sea through Bosporus Strait.
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	Ship Types/Year
	2013
	2014
	2015





	Bulk Carrier
	3443
	3648
	3724



	Chemical Tanker
	782
	819
	793



	Container Ship
	1434
	1536
	1329



	General Cargo
	12,828
	12,055
	11,183



	Livestock Carrier
	216
	195
	216



	Liquid Petroleum Gas Carrier
	880
	766
	615



	Passenger
	98
	125
	59



	Passenger/RO-RO Cargo
	140
	201
	162



	Refrigerated Cargo
	97
	32
	12



	RO-RO Cargo
	202
	213
	193



	Tanker
	2843
	2799
	2877



	Tug
	124
	112
	140



	Vehicles Carrier
	24
	46
	8



	Others
	229
	246
	402



	Total
	23,192
	22,792
	21,713
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Table 5. Constanta harbor’s capability of ballast water treatment.






Table 5. Constanta harbor’s capability of ballast water treatment.





	Constanta Port
	Without Ballast Water 2004 (Annual—Million Tons)
	With Ballast Water 2004 (Annual—Million Tons)
	24 h (Thousand Tons)





	Ballast water
	7.60
	7.60
	20.82



	Ships’ capability of treatment at this moment (15%)
	-
	1.14
	3.12



	Ships’ capability of treatment in 2020 (40%)
	-
	3.04
	8.33



	Ships’ capability of treatment in 2022 (80%)
	-
	6.08
	16.66
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