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soon as possible.
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Chemical Approach to Offshore Wind Turbines: Coating Systems, Environmental Impacts,
And Sustainable Development

Acik Deniz Riizgar Tirbiinlerine Kimyasal Bakis: Kaplama Sistemleri, Cevresel Etkiler Ve
Siirdiiriilebilir Kalkinma

Tiirk Denizcilik ve Deniz Bilimleri Dergisi Cilt: 10 Say1: 3 (2024) 131-144

Giilsah CELIK GUL!" '), Metin GUL?
! Balikesir University, Chemistry Department, Cagis Yerleskesi, 10145 Altieyliil/Balikesir, Tiirkiye
2 Balikesir University, Sci&Art Institute, Mech. Eng. Department, Cagis Yerleskesi, 10145 Altieyliil/Balikesir, Tiirkiye

ABSTRACT

The deployment of offshore wind turbines (WTs) is gaining momentum worldwide, offering
significant potential for clean energy generation. However, the maintenance and longevity of offshore
WT structures present complex challenges, particularly concerning corrosion protection coatings and
their environmental impacts. This paper discusses the key design criteria, protective mechanisms, and
application methods of coating systems for offshore WTs, emphasizing the need for durable solutions
to withstand harsh marine conditions. Additionally, the study examines the chemical emissions
originating from offshore wind farms, including corrosion products and plastics, and their potential
ecological impacts. While there is a lack of comprehensive scientific studies on the environmental
effects of deepwater, floating offshore wind farms, this paper aims to shed light on these issues and
their implications for marine ecosystems and human health. By synthesizing existing literature on
analogous situations, the discussion provides insights into the environmental footprints of offshore
wind power and underscores the importance of prudent decision-making in advancing future offshore
wind projects.

Keywords: Offshore wind turbines, Chemical pollutants, Chemical emissions.

Article Info

Received: 22 January 2024
Revised: 01 March 2024
Accepted: 16 March 2024

%
(corresponding author)
E-mail: gulsahcelik@balikesir.edu.tr

To cite this article: Celik Giil, G., Giil, M. (2024). Chemical Approach to Offshore Wind Turbines: Coating Systems,

Environmental Impacts, and Sustainable Development. Turkish Journal of Maritime and Marine Sciences, 10(3): 131-
144. doi: 10.52998/trjmms.1415808.

131


https://orcid.org/0000-0001-7213-1657
https://orcid.org/0000-0001-6168-1768

Celik Giil and Giil, (2024). Turkish Journal of Maritime and Marine Sciences, 10(3): 131-144

OZET

Acik deniz riizgar tiirbinlerinin (RT'ler) konuslandirilmasi diinya ¢apinda ivme kazanirken, temiz
enerji tiretimi i¢in 6nemli bir potansiyel sunmaktadir. Bununla birlikte, agik denizdeki riizgar tiirbini
yapilariin bakimi ve uzun omiirliiliigli, 6zellikle korozyona kars1 koruma kaplamalar1 ve bunlarin
cevresel etkileriyle ilgili olarak karmasik zorluklar ortaya ¢ikarmaktadir. Bu ¢alisma, zorlu deniz
kosullarina dayanacak dayanikli ¢oziimlere olan ihtiyaci vurgulayarak, agik deniz RT'leri i¢in
kaplama sistemlerinin temel tasarim kriterlerini, koruyucu mekanizmalarimi ve uygulama
yontemlerini hakkinda gergeklestirilen bir derlemedir. Ayrica calisma, acik deniz riizgar
santrallerinden kaynaklanan, korozyon iirlinleri ve plastikler de dahil olmak {izere kimyasal
emisyonlar1 ve bunlarin potansiyel ekolojik etkilerini incelemektedir. Derin sularda yiizen a¢ik deniz
riizgar santrallerinin ¢evresel etkilerine iliskin kapsamli bilimsel ¢alismalar bulunmamakla birlikte,
bu makale bu konulara ve bunlarin deniz ekosistemleri ve insan sagligina olan etkilerine 151k tutmay1
amaclamaktadir. Calisma, benzer durumlara iligkin mevcut literatiirii sentezleyerek, agik deniz riizgar
enerjisinin ¢evresel ayak izleri hakkinda fikir olusturarak ve gelecekteki agik deniz riizgar projelerini
ilerletmede yerinde ve dogru karar vermenin 6neminin altin1 ¢izmektedir.

Anahtar sozciikler: Acik deniz riizgar tirbiinleri, Kimyasal kirleticiler, Kimyasal emisyonlar.

1. OFFSHORE WIND FARMS energy flows. While currently, 80% of global
energy is generated from fossil fuels (IEA, 2023),
in December 2022, this ratio decreased to 54% in
Tiirkiye (Fig.1). Renewable energy sources play
a crucial role in reducing dependence on fossil
fuels such as coal, oil, and natural gas (Zou et al.,
2016). Solar, wind, biomass, geothermal, hydro,
hydrogen, and ocean energy (wave and tidal) are

considered within the scope of renewable energy
(TEIAS, 2022).

1.1. Offshore wind energy turbines and
Tiirkiye’s policy

The main offshore wind energy facilities are a
significant component of the renewable energy
sector on a broad scale. Renewable energy is
defined as the energy derived from the ongoing
natural processes, and it is sourced from existing

1,63%; Geothermal 1,85%; Biomass

5,08%; Solar

1,83%; Other

30,41%; Hydraulic
9,98%; Coal

9,87%; Lignite »
10,88%; Winc-

24,41%; Natural
Gas

= Hydraulic = Matural Gas = Wind = Lignite = Coal = Solar = Geothermal = Biomass = Other

Figure 1. Installed electricity capacity in Tiirkiye for the year 2022 (TEIAS, 2022)

The characteristics of wind vary temporally and changes proportionally to the cube of its speed.

spatially due to local geographical differences
and the non-uniform heating of the Earth's
surface. Wind is expressed through two
parameters: speed and direction. Wind speed
increases with height, and its theoretical power

Despite the initial high investment costs, low-
capacity factors, and disadvantages such as
variable energy production associated with wind
energy-based electricity generation applications,
the advantages can generally be listed as follows:
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e [tisarenewable and clean energy source,
environmentally friendly.
e There is no risk of depletion and
increasing prices over time.
e Its cost has become competitive with
contemporary power plants.
e Maintenance and operating costs are low.
e The technology for installation and
operation is relatively simple.
e Commissioning can be achieved in a
short period of time.
Wind turbines, the main structural elements of
wind energy plants, are machines that primarily
convert the kinetic energy of moving air into
mechanical energy and subsequently into
electrical energy. According to the December
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2022 report data from the Turkish Electricity
Transmission Corporation (TEIAS), wind
turbines constitute approximately 11% of the
installed  capacity in  Tirkiye (Fig.2).
Considering these data, it can be stated that wind
energy 1s a significant resource for Tiirkiye
(Fig.3) (GMKA report, 2023).

According to World Bank data, Tiirkiye's
technical potential for offshore wind turbines
(WTs) is identified as 75 GW (World Bank,
2019). Within this capacity, 12 GW is expected
to come from fixed-base WTs, and 63 GW is
projected to be provided by floating WTs. It is
noted that within this capacity, 50-55 GW can be
defined as technically feasible and more
efficiently reachable capacity (Leybourne,
2022).
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Figure 2. Wind energy installed capacity development in Tiirkiye
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Figure 3. Wind map of Tiirkiye

1.2. Global perspectives on offshore wind
farms

Growing demand for electrical energy and
concerns about the consequences of climate
change have led governments worldwide to

establish ambitious targets for reducing
greenhouse gas emissions and increasing the
share of renewable energy sources, such as solar
and wind, in their energy portfolios (Graabak et
al., 2016).
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The wind industry is an emerging sector that
experienced significant growth, boasting 1.1
million jobs globally in 2016 (Irena, 2016).
Notably, China, Germany, and the USA stand out
as the primary employers in this field (Irena,
2016). While onshore WTs constitute a
significant portion of the installed capacity, it is
observed that the share of offshore WTs in
installed capacity has been steadily increasing
since 2009 (Leybourne, 2022). In the first quarter
of the 2000s, the offshore wind energy industry
has evolved from turbines on foundations in
shallow waters to floating turbines in deeper
waters, and there are even considerations for
floating turbines in very deep waters (BOEM
wind energy Call Areas and the Castle Winds
proposal in California, USA; BOEM, 2018,
Trident Winds, 2016) (BOEM, 2021). As an
example, China, hold first place, reached 2.8 GW
of offshore wind energy capacity in 2017 and
aims to reach 30 GW by 2020 (GWEC, 2018).

If we delve into the details of these
advancements; the most substantial capacity
increase in offshore WTs occurred in 2020,
reaching 21 GW (Leybourne, 2022). According
to the "2021 Global Wind Energy Report"
prepared by the Global Wind Energy Council
(GWEC), the installed wind power capacity
worldwide has reached approximately 837 GW
levels. As of the year 2021, 780 GW of the
installed capacity comes from onshore wind
energy plants, while the remaining 57 GW is
from offshore WTs. Since 2001, onshore WTs

has shown significant development in terms of
installed capacity, while this progress has been
slower in offshore WTs. However, in recent
years, significant strides have been made in
offshore WTs due to advancements in
technology (GWR, 2021). At this point, it can be
stated that offshore plants have gained global
significance. As of 2021, offshore WTs
represents 6.8% of the total installed capacity
worldwide, while onshore WTs constitutes
93.2% (Leybourne, 2022).

In the last two decades, there has been a
significant increase in new investments in
offshore wind energy, particularly in Europe
(Fig.4). The total installed capacity in European
waters was less than 50 MW in the year 2000, but
by the end of 2008, it had risen to approximately
1500 MW (EWEA, 2019). As a result of these
investments, there is an annual average growth
rate of around 50%. Although most operational
offshore systems are concentrated in a limited
number of Northern European countries, global
interest in offshore wind farms is on the rise
(EWEA, 2019). Both onshore and offshore wind
turbines share similar components, such as the
tower, nacelle, rotor assembly, and rotor blades.
However, distinctions emerge concerning factors
like costs, size, transportation of components,
working environment, novelty, wind conditions,
and more (EU-OSHA; 2013). Therefore, the
current share of offshore wind farms remains
lower compared to onshore activities (EWEA,
2019).
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Figure 4. 2021 European wind energy investments
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As seen in the Table 1, as of 2021, the global
installed capacity of offshore WTs has reached
57,176 MW. Approximately half of this capacity
was added in the year 2022 (GWEC, 2022).

Table 1. The installed capacity of offshore WTs
and capacity increases worldwide as of 2022.

Country caplancsi:;ltf\(/}W) Total capacity
2022 (MW) 2022
World 8941 63200
Asia 4678 32496
China 4070 30460
Chinese Taipei 508 745
Japan 0 61
Korea Rep 0 136
Vietnam 100 1094
Europe 4264 30663
Belgium 0 2262
Denmark 0 2306
Finland 0 73
France 480 482
Germany 342 8129
Ireland 0 25
Italy 30 30
Netherlands 760 3220
Norway 60 66
Portugal 0 25
Spain 0 5
Sweden 0 193
UK 2592 13848
European Union 1612 16749
N America 0 41
USA 0 41

1.3. Types of offshore wind turbines

A general categorization for wind turbines
installed offshore into the sea beyond the coast is
commonly referred to as offshore wind turbines.
Installations comprising multiple turbines
arranged in groups or arrays are also recognized
as offshore wind farms. The primary reasons for
preferring installations at sea over onshore wind
turbines include their minimal impact on
residential areas and the ability to harness higher
average wind speeds with less disruption from
turbulence, as the wind flows unimpeded.
However, offshore wind farms, compared to their

onshore counterparts, are notably disadvantaged
in terms of cost. Therefore, when deciding on the
installation of any offshore wind farm,
profitability  calculations must  consider
installation, maintenance, and operation costs as
crucial factors.

Furthermore, various aspects such as the region's
wind climate, habitats of marine and airborne
species, maritime routes, and other relevant
considerations must be thoroughly assessed.
Depending on the depth of installation, offshore
wind turbines are broadly classified into two
main types (Fig.4): those fixed to the seabed and
those designed to float (Cokyasar et al., 2019).

Figure 4. Fixed and floated offshore turbines
(TEKMAR, 2023).

2. CHEMICAL EMISSIONS
OFFSHORE WIND FARMS

OF

2.1. Corrosive products

The generation of electric power through
offshore WTs is gaining prominence globally.
The offshore WTs can be broadly categorized
into tower constructions and transmission
platforms, both of which involve intricate
engineering steel structures. The costs associated
with repairing protective coating systems for
offshore WTs are estimated to be approximately
50 times higher than the costs incurred for the
initial application of corrosion protection
systems during the tower manufacturing process.
Consequently, protection systems for offshore
WTs need to be designed with high reliability,
and their expected durability can exceed 25 years
(Momber et al., 2018).

Key design criteria for coating systems on steel
encompass binder type, dry film thickness, and
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layer system (ISO 12944-5, 2007; NACE
SP0108-2008). Due to the absence of specific
offshore WTs standards, the industry often relies
on existing offshore coating standards, despite
differing stress conditions between offshore WTs
and oil and gas platforms (Norsok M-501, 2012;
ISO 20340, 2009). For instance, offshore WTs
support structures face high dynamic stresses
from wind, waves, and operation, requiring
resilience to an exceptionally high number of
stress cycles throughout their design life
(Anderson et al., 2011). These unmanned
structures lack systematic inspection and
maintenance capabilities (Schaumann et al.,
2011). Additionally, internal areas such as
monopiles and transition pieces within
foundations have been identified as susceptible
to corrosion (Hilbert et al., 2011).

A coating system comprises multiple layers, each
serving distinct purposes (Soerensen et al.,
2009). In the context of corrosion protection, a
coating system generally includes the following
layers:

Priming coat: the initial coat in the system.
Intermediate coat: any coat positioned between
the priming and topcoat.

Topcoat: the final coat in the coating system.
Corrosion protection coatings (Fig.5) (Boga et
al., 2021) operate through different protective
mechanisms, which can be categorized as
follows:

Barrier effect: Priming and intermediate coats
with inert pigmentation like titanium oxide,
micaceous iron oxide, or glass flakes.

Inhibitive effect: Priming coats commonly use
inhibitive pigments, relying on substrate
passivation and protective layer buildup, often
involving inorganic salts.

Galvanic effect: Achieved with sacrificial
coatings, protecting the substrate through
galvanic  corrosion  principles. = Common

protective metals include zinc and aluminium or
their alloys, with zinc-rich organic coats being
widely used (Soerensen et al., 2009; Boga et al.,
2021).
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Figure 5. Schematic illustration of barrier;
galvanic; and inhibitive effects

Most coatings for offshore WTs are chemically
curing systems with two packs: a base
component (binder/resin) and a curing agent
component (hardener). Common binder types
include alkyd, chlorinated rubber, acrylic,
polyvinylchloride, epoxy, ethyl silicate, and
polyurethane. Common hardeners include
polyamines, polyamides, and polyisocyanates,
with polyamines being more suitable for priming
coats (ISO 12944-5, 2007).

Coating systems, comprising both organic and
metallic coatings, can be applied either in a
factory setting or on-site. Factory application of
coatings provides numerous benefits, including
precise control over application conditions to
ensure optimal performance, ease of damage
repair, and effective waste and pollution
management. However, drawbacks should be
taken into account, such as limitations on
component size and the potential for damage
during handling, transportation, and installation.
Maintenance activities are typically conducted
on-site. The most prevalent methods for applying
coatings to structural steelwork in construction
involve organic coatings, primarily through
manual application or spraying. Additionally,
metallic coatings are applied using techniques
such as hot-dipping, electroplating, thermal
spraying, and diffusion. Both types of coatings
contain hazardous components, including
poly(vinylchloride)  copolymer, chlorinated
rubber, zinc silicate, alkyd, epoxy, polyurethane,
zinc-iron alloys, silicon, and phosphorous (Price
etal., 2017).
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In offshore environments, structures are
subjected to prolonged exposure to high
humidity, elevated salinity levels, intense UV
radiation, wave action, and bird droppings.
Research indicates that bird droppings can
degrade coating systems through chemical
processes (Rafiei et al., 2016; Ramezanzadeh et
al., 2011; Ramezanzadeh et al., 2009).
Ramezanza-deh et al. (2009) found that
biological materials, such as bird droppings, can
chemically impact coating performance through
hydrolytic reactions catalyzed by enzymatic
structures (Ramezanzadeh et al., 2009). The
corrosion rate of steel towers on wind platforms
varies depending on factors such as oxygen and
humidity levels, water depth around the
structure, salt concentration, mechanical stresses
(e.g., ice drifts or floating debris), current
velocities, biological factors, temperature
fluctuations, irregular inspection schedules,
maintenance and repair expenses, and the
intended design lifespan. All these factors should
be considered when selecting a corrosion
protection system (Price et al., 2017).

Recent developments include high-solid coats,
with a solids volume ranging from 70% to 100%,
providing an alternative for offshore WTs
applications (Momber et al., 2018).

The exposure to the rigorous marine environment
poses a significant challenge for the construction
and longevity of offshore structures,
predominantly composed of steel. Offshore
WTs, offshore substation platforms, and
converter platforms are engineered with a
minimum operational lifespan of 25 years. The
chemical characteristics of the immersion
medium, be it seawater or brackish water, exert a
pronounced influence on the corrosion
mechanisms of metals. Seawater, with its
heightened salinity, is notably corrosive in
comparison to freshwater. Corrosion rates
escalate with the increasing salinity of seawater,
while additional factors such as oxygen
concentration, pH levels (seawater typically
ranging from 7.8 to 8.3), and temperature also
contribute to the modulation of corrosion
processes (Adedipe et al., 2016; Sato, 2011).

In contrast to the previous studies and reviews
addressing various ecological aspects and
pressures on the marine environment, there exists

limited knowledge concerning the chemical
emissions originating from Offshore Wind
Farms throughout their construction, operation,
and decommissioning phases, along with their
potential impacts on the environmental status of
the sea and seafood quality. Potential chemical
emissions from the offshore wind industry may
arise from various sources, including increased
maritime traffic and associated risks of
accidental spills, the disturbance of seabed
sediment due to subsea cable and foundation
construction, discharges from wastewater
treatment plants and cooling water from
platforms, use of artificial scour protection
materials, atmospheric emissions from diesel
generators, and direct chemical releases and
spills during accidents (e.g., platform fires and
the use of firefighting foams, or unintentional
spills of oil, lubricants, or coolants).
Nevertheless, the risk of emissions or accidental
release of these chemicals can be significantly
mitigated through the implementation of
constructive preventive measures, such as
backup systems, secondary containment, closed-
loop systems, and recovery tanks (Kirchgeorg et
al., 2018).

Due to the emissions generated, it is essential to
handle paints and coatings with care. Adhering to
all health and safety guidelines provided by the
manufacturer during work procedures is crucial
to mitigate potential health hazards. Prolonged
contact with epoxies may lead to dermatitis,
while hardeners found in polyurethane (PU)
coatings can impact the respiratory system.
Furthermore, many solvents are flammable and
pose risks to human skin. When mixing paints
and coatings, protective measures should be
taken to minimize the inhalation of paint particles
and solvents (Price et al.,2017). The painting and
coating processes, commonly conducted to
mitigate  corrosion, particularly on steel
components, including composite or ceramic
parts within the turbine structure, encompass a
range of substances such as chlorinated rubber,
acrylic, polyvinyl chloride, epoxy, ethyl silicate,
polyurethane, polyamines, polyamides,
polyisocyanates, zinc silicate, alkyd, zinc-iron
alloys, silicon, and phosphorous. Following
degradation under offshore turbine conditions
(pH, temperature, salinity, etc.) and exposure to
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UV radiation, the emissions resulting from these
components will initially integrate into the
marine ecosystem and eventually permeate
throughout the entire ecosystem over the medium
to long term.

2.2. Plastics and derivatives

Across the globe, people extensively utilize
plastics, which are organic synthetic polymers,
due to their distinctive characteristics such as a
high strength-to-weight ratio, bio-inertia, and
affordability. The global production of plastic is
reported to exceed 300 million tons annually
(Plastics Europe), with an estimated 10% of this
amount entering the ocean (Thompson, 2007).
Studies suggest that 4.8—12.7 million tons of
plastic debris find their way into the marine
environment each year, and this figure is
projected to increase significantly by 2025
(Jambeck et al., 2015). Plastic, known for its
persistent nature lasting hundreds to thousands of
years (Collignon et al., 2012), poses a potential
threat to marine environments and ecosystems.
Environmental debris of this nature can be
categorized by size into macroplastics, mega
plastics, and microplastics (Barnes et al., 2009).
Microplastics typically refer to plastic fragments
smaller than 5 mm, including those at millimeter
and micron levels.

Microplastic sources can be categorized into
primary and secondary types. Primary
microplastics directly enter the oceans in micro-
sized forms, encompassing synthetic fibers,
cosmetics, medicine, and raw materials used in
plastic production (Ashton et al., 2010; Browne
et al.,2011; Fendall ef al., 2009; Lechner et al.,
2015). Secondary microplastics primarily result
from the degradation of larger plastic items
through mechanical action, biodegradation,
photodegradation, photooxidative degradation,
and other processes (Rochman et al., 2013;
Zbyszewski et al., 2014).

A standard wind turbine consists of a concrete
foundation, a tower constructed from steel and/or
concrete, a nacelle comprising steel and copper
components, and typically three blades (Vestas
2006; Tremeac et al., 2009; Guezuraga et al.,
2012). Wind turbine blades typically consist of
either carbon fiber or glass fiber composite
material, leveraging the combined properties of

these materials to create lighter, longer blades
with optimized aerodynamic shapes, thus
enhancing blade performance while maintaining
a lightweight profile (Lijin et al., 2018). The
majority of blades are composed of a
combination of fibers and polymers, constituting
60—70 wt% reinforcing fibers and 3040 wt%
polymer matrix (Liu et al., 2017; Albers 2009;
Stewart 2012). For instance, one study estimates
that in 2008, 260,000 tonnes of material were
used for wind turbine blade production,
increasing to 1.18 million tonnes by 2017 (Red
2006). and 43.4 million tonnes by 2050 (Liu et
al., 2017). As of now, much of the waste
generated from  wind turbine  blades,
predominantly composed of carbon fiber and
glass fiber materials, ends up in landfills due to
the complexities associated with their recycling
(Peter et al., 2022). Both the currently actively
used wind turbine blades and the obsolete ones
stored in landfills are directly involved in the life
cycle by mixing with groundwater through
primary or secondary pathways, depending on
their size.

Due to their small size, microplastics can be
ingested and transferred into the intestinal
system, stomach, hepatopancreas, and other
tissues of marine biota (Browne et al., 2010;
Moos et al., 2012). Microplastic particles also
absorb various persistent organic pollutants
(POPs) and heavy metals (Bejgarn et al., 2015;
Goldstein et al., 2012; Kaposi et al., 2016). These
microplastics, along with their associated
pollutants, pose toxicity to certain marine life,
impacting growth, feeding, spawning, and other
physiological activities of organisms (Bejgarn et
al., 2015; Goldstein et al., 2012; Kaposi et al.,
2016). Moreover, the potential hazards of
microplastics extend to humans through the
consumption of marine and terrestrial food
products, as well as drinking water (Brennecke et
al., 2015; Vethaak et al., 2016). Therefore, the
investigation of microplastic pollution in the
environment is a pressing concern.
Microplastics find their way into the marine
environment  through  various pathways,
including sewage river flow, discharge, currents,
and wind (Auta et al., 2017; Ryan et al., 2009).
They have been discovered in marine surface
waters and sediments globally, especially in
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coastal and estuarine regions associated with
human activities (Cole et al., 2013; Fossi et al.,
2012; Lusher et al., 2013; Moos et al., 2012).
Coastal areas face an elevated risk of
microplastic contamination due to their
proximity to microplastic sources, and the
abundance of microplastics in coastal sediments
surpasses that in the deep sea (Imhof et al.,
2013). Additionally, coastal zones are rich in
biological resources and serve as crucial
ecosystems. The rise in human activities has
heightened the threat of microplastic pollution in
these coastal zones (Mathalon et al., 2014).

3. RESULTS AND DISCUSSIONS

The development of deepwater, floating offshore
WTs offers advantages such as reduced impacts
on human activities and marine ecosystems,
leveraging existing infrastructure from the
offshore oil and gas industry, and accessing
larger and more consistent offshore wind speeds
(Musial et al., 2010; James et al., 2015; Wang et
al. 2019a, 2019b). However, the technology
supporting deepwater, floating offshore WTs is
still in its early stages, with few prototype
turbines and mooring systems currently
deployed. As a result, the potential
environmental effects of these technologies
remain speculative.

To date, there is no comprehensive scientific
study on the potential environmental impacts of
deepwater, floating offshore WTs.

This study aims to focus on examining the
chemical emissions, such as corrosion products
and types of plastics originating from offshore
wind farms, for the first time in the literature. The
objective is to investigate their impacts on the
marine ecosystem and, consequently, on humans
and the environment from a chemical
perspective. This information can be valuable for
evaluating and permitting processes for
deepwater, floating offshore WT development
sites and guiding coating products for operational
facilities. While a comprehensive applicable
study and testing of these effects are currently
challenging due to the limited number of
deepwater, floating offshore WTs in operation,
plausible effects and their potential magnitudes
can be estimated and reviewed by combining the

scientific literature on analogous situations.
Boehlert and Gill (2010) conducted a synthesis
focusing on the environmental and ecological
impacts of ocean renewable energy development,
identifying six key stressors: energy removal
effects, electromagnetic field (EMF) effects,
physical presence of devices, dynamic effects of
devices, acoustic effects, and chemical effects.
On the other hand, in a comprehensive report on
the environmental effects of Marine Renewable
Energy (MRE), Copping et al. (2016) delved into
these stressors, examining associated risks and
impacts. These included alterations in physical
systems due to energy removal and changes in
flow, EMF effects on marine animals stemming
from cables, modifications in benthic habitat and
reef fish communities due to energy devices,
risks to animals from underwater sound, and the
collision risk around turbines. In these two
studies, by categorizing the direct or indirect
impacts of chemical emissions on the marine
ecosystem, we have transparently presented the
facts and shed light on our compilation of such a
review.

Offshore wind farms, harnessing clean
technologies, hold the potential to enhance the
supply of green energy. However, persistent
challenges exist. Some research suggests
potential risks to marine fisheries (Deveci et al.,
2020), while others emphasize navigation
hazards and possible drawbacks to tourism and
marine ecology (Kulkarni et al., 2022). With the
industry's expansion driven by its extensive
supply chain, the environmental and economic
impacts of offshore wind farms could escalate.
The intricate interplay between Offshore Wind
Power (OWP), the marine economy, and the
marine environment is crucial for the prudent
advancement of future OWP projects, especially
given the industry's rapid growth trajectory. A
significant portion of existing literature revolves
around OWP's environmental footprints,
particularly its interactions with fisheries
(Kulkarni et al., 2022). While economic
analyses, though limited (Glasson et al., 2022),
often concentrate on individual cases,
emphasizing direct economic benefits. Notably,
empirical studies evaluating OWP's influence on
marine sectors like mining, salt production, and
chemical production are conspicuously absent.
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4. CONCLUSIONS

In conclusion, the development of offshore WTs
represents a significant advancement in
renewable energy production, offering numerous
benefits such as reduced impacts on human
activities and marine ecosystems, utilization of
existing offshore infrastructure, and access to
consistent offshore wind speeds. However, the
technology supporting deepwater, floating
offshore WT is still in its early stages, with
limited deployment of prototype turbines and
mooring systems. Consequently, the potential
environmental impacts of these technologies
remain speculative.

Despite the lack of comprehensive scientific
studies on the environmental impacts of
deepwater, floating offshore WTs, our study
sheds light on the examination of chemical
emissions, including corrosion products and
types of plastics originating from offshore wind
farms. Understanding these emissions' impacts
on the marine ecosystem and human health is
crucial for evaluating and permitting deepwater,
floating offshore WT development sites and
guiding coating product selection for operational
facilities.

While challenges persist, such as potential risks
to marine fisheries, navigation hazards, and
impacts on tourism and marine ecology, the
expansion of the offshore wind industry presents
opportunities for enhancing green energy supply
and reducing carbon emissions. However, a
thorough understanding of the intricate interplay
between offshore wind power, the marine
economy, and the marine environment is
essential for the prudent advancement of future
offshore WT projects. Future research should
aim to address gaps in knowledge regarding the
environmental and economic impacts of offshore
WTs on various marine sectors, facilitating
informed decision-making and sustainable
offshore wind energy development.

In summary, while offshore wind farms hold the
potential to enhance the supply of green energy,
the environmental and economic impacts must be
carefully considered, especially in the context of
the chemical effects on the marine ecosystem. As
the industry expands, a holistic understanding of
these factors will be essential for sustainable and

responsible offshore wind power development.
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ABSTRACT

In container transportation by sea, it is crucial to define the transshipment design. Liner operators aim
not only to reduce operational costs but also to maximize customer satisfaction. Therefore, selecting
a transshipment hub port becomes paramount for achieving efficient transshipment capabilities. The
study aims to propose an alternative approach to determine the best transshipment hub port for a
northbound container ship entering the Eastern Mediterranean basin through the Suez Channel. The
proposed model evaluates the container ports with a novel quantitative method. The choice criteria
were weighted with the AHP (Analytic Hierarchy Process) method and numerical data acquired with
various scientific methods regarding each criterion was used to rank the alternatives based on TOPSIS
(Technique for Order Preference by Similarity to Ideal Solutions). Additionally, to generate data and
utilize it as a criterion a cross-sectional efficiency snapshot regarding the evaluated container ports
was also taken using the bootstrap DEA (Data Envelopment Analysis). Thus, as a decision-maker,
the line operator can determine the transshipment port quickly using an easily applicable method
upon determining the port calls and the schedules. The findings imply that connectivity is the most
important criterion for transshipment hub port choice for containerized goods. The location was also
considered important for this choice, but to improve transshipment function, the proper way may be
to draw beneficial strategies on maritime connectivity. Conversely, capital investments such as
superstructure improvement were found to be less critical for an attractive transshipment hub.
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OZET

Deniz yoluyla konteyner tagimaciliginda aktarma tasariminin tanimlanmasi biiyiilk O6nem
tasimaktadir. Diizenli hat operatorleri sadece operasyonel maliyetleri azaltmak degil, ayn1 zamanda
miisteri memnuniyetini de en st diizeye ¢ikarmak istemektedir. Bu nedenle, verimli aktarma
yeteneginin kazanilmasinda aktarma merkezi limani se¢imi problemi 6n plana ¢ikmaktadir. Bu
caligma, Stiveys Kanali iizerinden Dogu Akdeniz havzasina giren kuzey yonlii bir konteyner gemisi
icin en iyl aktarma merkezi limanini belirlemek amaciyla alternatif bir yaklasim uygulamayi
amacglamaktadir. Onerilen model, konteyner limanlarmi yeni bir niceliksel ydntemle
degerlendirmektedir. Secim kriterleri AHP (Analitik Hiyerarsi Siireci) yontemi ile agirliklandirilmis
ve her bir kritere iliskin cesitli bilimsel yontemlerle elde edilen sayisal veriler kullanilarak
alternatiflerin TOPSIS'e (ideal Coziime Benzerlise Gére Tercih Siralamasi Yontemi) gore
siralanmasi saglanmistir. Veri olusturmak ve bunu bir kriter olarak kullanmak i¢in, 6nyiiklemeli DEA
(Veri Zarflama Analizi) kullanilarak degerlendirilen konteyner limanlarina iligkin bir kesitsel
verimlilik anlik goriintiisti de alinmistir. Boylece karar verici olarak hat operatdrii, liman ugraklarini
ve tarifelerini belirleyerek, kolay uygulanabilir bir yontem kullanarak aktarma limanini hizli bir
sekilde belirleyebilir. Bulgular, konteynerle tasinan mallar i¢in aktarma merkezi limani se¢iminde
baglantinin en 6nemli kriter oldugunu gostermektedir. Bu se¢im i¢in konumun da 6énemli oldugu
degerlendirildi, ancak aktarma islevini gelistirmek i¢in dogru yol, deniz baglantis1 konusunda faydali
stratejiler belirlemek olabilir. Ote yandan iistyapmin iyilestirilmesi gibi sermaye yatirimlarinin cazip

bir aktarma merkezi i¢in daha az 6nemli oldugu goriildii.

Anahtar sozciikler: Ulasim, Liman, Konteynir, Aktarma, AHP, TOPSIS.

1. INTRODUCTION

The rapid growth of international trade imposes
maritime transportation as a crucial subject.
Affecting by this growth, the regular liner
shipping industry has become more complex to
adapt to strategic alliances and the larger ships
and fleet sizes associated with the alliances
(Kavirathna, 2018). With the end of the critical
supply chain disruptions in the last few years, the
relative decline in international sea freight rates
for container cargo in the second half of 2022 is
notable (UNCTAD, 2023). However, high
transportation costs remain a key concern. As a
result, the line operators are in a more
competitive environment for their cost and
pricing strategies. A container line operator
manages a fleet of ships deployed on shipping
lines consisting of a series of ports to carry
containers between ports at a regular service
interval. Due to the increasing demand for
container shipping, they are deploying large
oceangoing ships carrying between hub ports to
benefit from economies of scale (Meng and
Wang, 2011). Thus, a new route pendulum is
defined from transshipment ports to the final

destination. In this regard, transit port selection
becomes crucial for a container line operator.
Since container ports are critical nodes for the
supply chain, deciding the most suitable
transshipment port can help increase efficiency
and reduce costs for the line operators.
Container ports in the East Mediterranean are
playing a significant role between Europe, Asia
and North Africa. These container ports link
these continents, acting as strategic nodes
facilitating intercontinental cargo carriage
(Moschovou and Kapetanakis, 2023). Container
handling in this region has dramatically
increased in recent years (Notteboom et al.,
2023). To access the Mediterranean via the Asian
route, there are several alternatives other than
Port Said port at the northern exit of the Suez
Canal to unload the transit cargo on a mother ship
using the Suez route. However, each of these
alternatives has its own set of and advantages.
Therefore, making the right decision can be
considered a multi-criteria decision problem.

No scientific study has been found that examines
the preferability of container ports in the Eastern
Mediterranean in terms of transit cargo handling
demand using multi-criteria decision-making
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techniques based on quantitative methods.
Therefore, it is thought that there is a gap in the
literature. Hence, this study aims to address the
selection of suitable ports for unloading transit
cargo in the Eastern Mediterranean using multi-
criteria decision-making techniques. Criterion
weights were obtained using AHP (Analytic
Hierarchy Process) with expert opinion, and the
ranking of the alternative container ports was
made using TOPSIS (Technique for Order
Preference by Similarity to Ideal Solutions) with
quantitative data.

In the second section of the study, the literature

was reviewed. In the third section, the
approaches used were summarized. While the
fourth section includes the findings and

discussion, the last section contains the results
and limitations of the research.

2. LITERATURE REVIEW

Goal, motivation and strategy lead the
practitioner to various kinds of examining the
port selection criteria. In this context, there have
been three main perspectives to be considered in
the maritime supply chain. First is the freight
forwarder, second are the shippers and the third
is the line operators (Georgoulas et al., 2023).
Line operators are generally affected by
distinctive port features such as the port’s
throughput, infrastructure, and connectivity,
even if on a different level (Mulder and Dekker
2017). Therefore, a visionary container port may
need to assess the potential and actual demand
for transit cargo based on many features. Recent
literature on these features regarding the choice
of transshipment container port varies partially.
Because the choice of transshipment port is quite
complex and requires extra effort to be figured
out considering relevant rational issues. In this
context, Brian (1985) argues that the line
operators are influenced by cost more than
infrastructure and other relevant features of the
ports. In contrast, the geographical or the
infrastructural features may play a crucial role in
the selection process. For instance, Sternberg
(2000) states that the Gioia Tauro port in the mid-
Mediterranean region is a significant container
transshipment port. This distinctive
transshipment port had converted substantially in

terms of its function from an iron ore port to a
container port by 1998 thanks to its superior
geographical location, connectivity, operational
efficiency and continuous investment in
infrastructure and facilities. While Ernst (2001)
argues that the increase in transit freight potential
is due to an increase in service frequency,
transportation and the establishment of
intermodal alliances. According to Mary (2000),
in addition to distance or operational efficiency,
transit time, service frequency, and equipment
necessity also affect the choice. The literature
reveals that various criteria have been addressed
in previous studies. It is thought that diversity
may arise from the perspective that evaluates the
criteria. Nevertheless, it can be said that in most
studies, criteria such as cost, connectivity and
location come to the fore.

On the other side, there are also methodological
advancements in port selection in the literature.
Georgoulas et al. (2023) proposed an AHP-based
decision  support system that enables
practitioners’ decision-making based on their
subjective experience and within realistic time
constraints. Chou (2007) ranked the three
Taiwanese container ports in terms of their
futures related to the transshipment function
using a novel canonical representation of
multiplication operation on three fuzzy numbers
to define the importance of criteria. For a higher
transshipment demand, the volume and the cost
of handled containers are followed by efficiency,
infrastructure and location. Bastug et al. (2022)
examine whether the choice criteria prioritized
by line operators align with what the ports
themselves consider as crucial for their regional
competitiveness. This topic is quite interesting
especially for Mediterranean basin. Because the
liner operators are working in a dynamic
environment that may affect their port selection
choices substantially and the port costs may be a
secondary consideration. The findings are
interesting because they imply that the point of
view of port operators does not coincide with the
point of view of line operators and that line
operators may prioritize different criteria in port
selection. According to the findings, the most
important criteria of competitiveness for port
operators are the location of the port, service
level, pricing and superstructure, whereas the

147



Efecan, (2024). Turkish Journal of Maritime and Marine Sciences, 10(3): 145-158

most important criterion for carriers is
operational efficiency. In line with Bastug et al.
(2022), Cruz et al. (2013) applied the Analytical
Hierarchy Process (AHP) in their study, and they
observed that the main factors of port
competitiveness from the perspective of port
customers are quite different from the service
provider. They found that according to ocean
freight carriers, the main factor that stands out in
competitiveness 1s vessel turnaround time,
followed by intermodality, equipment and
infrastructure, distance to the hinterland and
depth. Even not in port selection, some studies
integrating AHP and TOPSIS methods to assess
selection problems in other fields (Xiangda et al.,
2023; Haktanir and Kahraman, 2024).

3. METHODOLOGY

3.1.AHP

This study adopts the AHP developed by Saaty
(1980) to determine criteria priorities for the
defined problem. AHP consists of both
subjective  interpretations and  objective
evaluations of the decision-makers. In this sense,
it allows the decision-makers to model the goal,
alternatives, criteria, and their inter-relationships
in a hierarchical structure. It can be expressed

that the crucial advantage of this method is to
allow the preferences, and intuition, in a logical
and structured way. Since the mid-1980s, this
method has become more popular due to the
development of group decision support systems.
On the other hand, the hierarchical structure of
AHP may not be suitable to model the
complexities of certain scenarios, especially in
contexts that are broader or different in terms of
industry and culture, due to the lack of flexibility
in the structure to consider specific
characteristics of actual scenarios (Munier &
Hontoria, 2021). Even though there are some
discussions about the AHP methodology and its
application in the relevant literature, its intuitive
nature and mathematical rigor have made it one
of the most widely used decision-making
techniques worldwide (Mu and Pereira-Rojas,
2018).

Expert opinions were used to define the priorities
of the transshipment port alternatives according
to a set of criteria, 10 experts on port
management and maritime transportation filled
out a questionnaire regarding possible criteria
weights. While determining the experts, their in-
depth knowledge of the port's infrastructure and
superstructure and the factors affecting customer
preferences were taken into account. The profiles
of the experts are summarized in Table 1.

Table 1. The profile of experts

Interviewee Job Rank Expertise

Expert 1 Academician Professor Port management
Expert 2 Academician Assistant Professor Maritime Transportation
Expert 3 Academician Associate Professor Port management
Expert 4 Academician Associate Professor Port management
Expert 5 Academician Lecturer, PhD Port management
Expert 6 Academician Lecturer, PhD Maritime Transportation
Expert 7 Academician Lecturer, MD Maritime Transportation
Expert 8 Academician Research Assistant, PhD  Port management
Expert 9 Freight Forwarder Sales Manager Maritime Transportation
Expert 10 Logistician Managing Director Maritime Transportation

The implementation of the proposed AHP on
transshipment port selection problem is
summarized as follows.

Defining the goal: AHP is applied to solve a
problem or achieve a defined purpose in a
situation or case. In the application, the goal
needs to be defined clearly and can be understood

by all participants.

Constructing pair wise comparison matrices:
With AHP, one can determine the priorities of
each factor by pair wise comparison between the
main and sub-factors (if any) to measure the
marginal relationship of the criteria with the goal.
Due to such complexity, Saaty (2008) suggests
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identifying all criteria affecting the decision and
grouping those with common characteristics
among the factors in question. After all the
factors affecting the decision are brought into a
hierarchical structure, the participants' priorities
regarding the factors and alternatives are
determined by pair wise comparison. Pairwise
comparisons consist of matrices in which
alternatives are compared, initially considering
the main factors, then the sub-factors in each
main factor, and finally all factors.

Expert opinion is used to determine the
importance levels of factors and alternatives. For
this, the score scale between "1" and "9"

suggested by Saaty (1990), is used. If the
decision-maker thinks that either factors or
alternatives have equal importance, the decision-
maker marks as "1" among the relevant factors
and alternatives. If the decision-maker argues
that one of the two alternatives is more important
or preferable than the other, he assigns a score of
9 to that factor or alternative. On a 1-9-point
scale, each rating implies the degree of
importance or favorability. In this way, factor
sets are standardized. Importance scale proposed
by Saaty (1990) is given in Table 2.

Table 2. Saaty’s scale of relative importance (Saaty, 1990)

Intensity of importance  Definition Explanation

1 Equal importance Equal contribution to the goal

3 Weak importance of one over another Expe.r ience and judgment slightly favor one
activity over another

5 Essential or strong importance Expe.rlence and judgment strongly favor one
activity over another

7 Demonstrated importance An activity is gtrongly' favored and its dominance
demonstrated in practice

9 Absolute importance The evidence favoring one activity over another

Intermediate values between

2,4,6,8 adjacent judgments

is of the highest possible order of affirmation

two .
WO Intermediate values

The given points by each expert to each
comparison are placed in matrices. To represent
all participants through an average value, the
geometric mean of each value group is taken. The
geometric mean is consistent with the meaning of
both judgments and priorities in AHP. In the
matrix created for each level in the hierarchy, the
priority value for pair wise comparison is written
as it is, while the diagonal value is written
inverted (1/value).

Calculation of priorities of factors for each level:
After the comparison matrices are constructed,
row averages are obtained by normalization.
Thus, the row average for each factor indicates
the priority of decision-makers regarding each
factor. This process continues by making a pair
wise comparison of factors, making a pair wise
comparison of sub-factors, and comparing
alternatives for each factor. Normalization and
the definition of normality vector used are given
in Equation (1) and Equation (2), respectively.

Normalization:

b, = % (1

Definition of Normality Vector:

> iy
= =

w. =

i

)

n

Checking consistency:

The criterion weights obtained for the factors and
alternatives should be consistent. The AHP
method can determine whether experts give
consistent answers to the questionnaire. Saaty
(1990) suggested calculating the consistency
ratio index (CI) with the values in the comparison
matrices. If the obtained consistency ratio (CR)
is less than 0.1, it can be said that the scores
assigned are internally consistent. Otherwise, the
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responses provided should be reassessed. The
equations (3) and (4) are as follows, regarding the
calculation of consistency ratio.

Cl = tmart 3)

(n-1)

_a
T ORI

CR 4)
Amax 18 the largest eigenvalue of each matrix. CI
is the deviation of A,,,, from n. RI (Randomness
Index) is the randomly calculated correction rate
for matrices of various sizes.

3.2. TOPSIS

To compare the alternatives according to the
weighted criteria, TOPSIS method were used.
One valid reason to prefer this MCDM technique
is to pave the way for the actual quantitative data
directly to be utilized. TOPSIS (Technique for
Order Preference by Similarity to An Ideal
Solution) is one of the well-known Multi Criteria
Decision Making (MCDM) methods developed
by Hwang and Yoon (1981). In this approach,
while maximizing the benefit, the solution is
expected to be closest to the positive ideal
solution and furthest from the negative ideal
solution. When making decisions among
alternatives, the closest alternative to the positive
ideal solution and the furthest alternative from
the negative ideal solution is chosen as the best
one.

The TOPSIS approach is performed in seven
steps. In step 1, the decision matrix consists of

A* = {(maxvylj €]), (minvy|j € J€)}
A~ ={(minv;;lj €]), (maxv;|j €J¢)}

In step 5, the separation measures are calculated.
The deviation of the alternatives from the
positive and negative ideal solutions is calculated
with the Euclidian distance function. Positive
ideal separation (S;) and negative ideal
separation (S;) are calculated as shown in
Equation (7) and Equation (8), respectively. In
this case, / represents the benefit, /*represents
the cost criterion. Obtained pairs of S;" and S;
values should be equal to the number of
alternatives.

i=123,...

i=123,...

the n criteria and m alternatives. The decision
matrix is also called the initial matrix, as shown
in Table 3.

Table 3. Initial matrix

In step 2, the decision matrix is normalized. Data
obtained using different scales are made
comparable using normalization process. In this
step, each element in the matrix is normalized by
dividing by its column total. Each column of the
normalized matrix sums to 1. In step 3, The sum
of each row of the normalized matrix is averaged
by dividing by the size of the matrix. These
values are the importance weights calculated for
each criterion. These weights form the priority
vector. The weighted criteria values (w;;) are
multiplied by each normalized matrix element
(). In step 4, the positive and negative ideal
solution values are calculated. For the ideal
solution, the highest and lowest values in each
column are selected among the values obtained
in the previous step. For the beneficial criteria,
the highest value is prioritized and for the cost
criterion the lowest value is prioritized. In
following Equation (5) and Equation (6), A*
represents the best alternative, A~ is the worst
one.

,m ()

ym (6)

(Si*):,fZ(Vij—vj*)z i=1,2,3,...,m (7)
S = |2y —v-)’ =123 ...m (8)

In step 6, the relative priority is calculated
according to the ideal solution. The proximity of
the alternatives to the ideal solution C; is
determined by using ideal and negative ideal
separation measures as shown in Equation (9).
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The value used for this is the share of the
negative discrimination measure in the total
separation measure. Proximity to the ideal
solution;

* S; *
C i = W H 0<¢ i <1 (9)
In the final step, alternatives are ranked

according to the relative proximity values. Thus,
by sorting the C; values from large to small, the

closest one to the ideal solution is determined as
the best alternative.

Hierarchical model for best transshipment port
selection:

This study examines the transit port selection
criteria and the best choice of container ports for
Far East-Europe line operators in the Eastern
Mediterranean after the Suez Canal passage. For
this purpose, a four-level AHP model consisting
of goal, criteria, sub-criteria and alternatives was
created based on expert opinions because of the
current literature as summarized in Table 4.

Table 4. Current literature which benefited for criteria selection

Study Criteria Study Criteria
Seaport facilities and equipment Port location
Georgoulas et al., 2023 Depth Chou, 2007 Hinterland economy
° Connectivity ’ Port physical
Vessel time at port Port efficiency
Proximity to import/export area Cost

Based on the existing literature, the criteria
identified by brainstorming were scored by
experts in the field with a questionnaire
compatible with the AHP methodology. Pairwise
comparison values obtained with Super
Decisions 3.2 computer software were analyzed,
and the priority values and order of main and sub-
criteria affecting the line operators' transit
container port selections were determined.

Constructing a hierarchical structure is routine
for AHP to deal with a complex problem or
achieve a goal. In a hierarchical structure, the
goal, criteria, and alternatives are organized from

top to bottom. This hierarchical structure allows
the multidimensional decision-making process to
be systematically reduced. Thus, decision-
makers benefit from the inter-relationships of the
components between hierarchical tiers to
facilitate the comparison to be performed in the
next stage. In this step, the criteria are compared
among themselves. Defining the hierarchical
structure paves the way for the second step to
determine the criteria importance with a pairwise
comparison. Proposed hierarchical structure for
the port choice for container transshipment
problem is illustrated in Figure 1.

Port choice for container
transshipment

AHP
Evaluation

— Efficiency Hinterland Infrastructure

Superstructure

> Level 1

4

Location ‘ Connectivity Cost - Level 2

TOPSIS
Evaluation

MIP LIMAKPORT)|

EUROGATE

Figure 1. Hierarchical model of port choice for container transshipment
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The final decision is reached by determining the
relative importance of the alternatives. For this
purpose, priority values for the alternatives are
obtained by multiplying the priority values of the
alternatives for the main factors with the priority
values for the main factors. The alternative with
the highest priority value is considered the most
preferable or most important alternative. The
binary comparisons between alternatives are
performed with quantitative data.

The alternatives:

MIP (Mersin International Port) is connected by
rail and land transportation to Turkey's
industrialized cities and neighboring countries. It
is one of the crucial container ports in the
Mediterranean, with its transit and hinterland
connections with the Middle East and the Black
Sea. MIP is Turkey's largest port in terms of
annual output and its existing backyard (MIP,
2023). This multi-purpose port draws attention to
its efficient output levels as highlighted in
relevant research (Ates, 2010; Ates and Esmer,
2011; Merk and Bagis, 2013; Akyar and Cetin,
2019).

Following substantial investments as part of the
privatization process, starting from January
2012, pier structures, storage areas, traffic lanes,
port inward and outward passage lines were
overhauled, warehouses and all buildings that
have completed their economic life were
demolished and rebuilt, and new shore and yard
cranes were supplied for port operations. In
addition, dredging was carried out in the port,
allowing ships with a draft of up to 14.50 - 15.00
meters to berth. As a result of the investments,
Iskenderun port has become a modern and
developed port. The port carries out its services
as Limak Iskenderun International Port
Management Inc (LIMAK PORT, 2023).
ASSAN PORT was put into service at the end of
2010. Assan Port is the first container terminal
serving modern container ships in the Gulf of
Iskenderun, as of its opening date, has become a
crucial alternative for the subject hinterland. It
has an annual capacity of 250,000 TEU and aims
to reach a capacity of 400,000 TEU with new
investments. In addition to providing an
advantage for companies in the Eastern
Mediterranean, Southeastern Anatolia and the
south of Central Anatolia in terms of its

geographical location, it is a close alternative
container terminal opening to the west for
Northern Iraq (ASSAN PORT, 2023).

The Port of Limassol is the main port on the
Island of Cyprus. EUROGATE took over
operations of the container port in January 2017
(EUROGATE, 2023). This port draws attention
with its distinctive geographic location and
successful managerial strategies.

The criteria:

The literature review and expert opinion were
utilized to select criteria —and determine the
importance levels using the AHP approach. As a
result, the main criteria affecting line operators'
transit cargo port selection are efficiency,
hinterland, infrastructure, superstructure,
location, connectivity and cost with a two-level
AHP model of 10 experts. Pairwise comparisons
of the criteria were performed with TOPSIS
based on quantitative data as summarized in
Table 1 and 4.

Maritime connectivity:

Globalized production, trade, communication
and finance depend on connectivity which refers
to the opportunities for individuals, businesses,
and nations to establish connections. Improved
liner shipping connectivity can help reduce trade
costs and has a direct, positive bearing on trade
volumes (UNCTAD, 2017). Therefore, this
critical feature of a container port is included to
the model as a main criterion. By the end 0f 2022,
Port liner connectivity index (PLCI) calculated
by UNCTAD (2023) are as shown in Table 5.

Table 5. Port liner connectivity scores
(UNCTAD, 2023)

Terminal PLCI

MIP 41.59

LIMAK 28.54

ASSAN 28.54

EUROGATE 10.96
Efficiency:

For a container port, efficiency can be defined as
the ratio of the inputs required to carry out
handling and related activities to the handling
and linked services achieved (Farrell, 1958;
Charnes et al., 1978). It is considered that the
ratio of physical equipment and infrastructure
inputs used for handling the output is technical
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efficiency and bootstrap efficiency scores are
estimated using the procedure of Simar and
Wilson (1998) to prevent bias due to the small
sample size (n = 16,replication = 200). To
measure the technical efficiency of the examined
terminals, the data gathered for the years between

2019 and 2022 from TURKLIM (2020, 2021,
2022, 2023) and official websites of the
terminals. The descriptive statistics of the
variables used in the frontier-based bootstrap

DEA efficiency model are summarized in Table
6.

Table 6. Descriptive statistics of the input/output variables

Variable Obs Mean Std. Dev. Min Max

Output

Throughput (TEU) 6 771,692.813 748,837.002 177,661.000 2,097,349.000
Inputs

Terminal area (Ha) 6 217.063 350.783 22.500 920.000
Berth length (m) 6 1,625.500 1,109.883 680.000 3,370.000
Channel / Berth depth (m) 6 16.650 1.404 15.800 19.000
Handling equipment (pcs) 6 8.188 5.753 4.000 18.000

The efficiency analysis was performed with R
“Benchmarking” community  contributed
package. The estimated efficiency levels are
shown in Table 7. According to the results, while
MIP is the relatively the most efficient terminal,
ASSAN is the least in East Mediterranean basin.
The relative efficiency levels of LIMAK and
EUROGATE were estimated as 0.87 and 0.75.

Table 7. Bootstrapped efficiency scores

Variable Mean Std.Dev. Min Max

MIP 0.889 0.017 0.867 0.904

LIMAK 0.870  0.092 0.734 0.939

ASSAN 0.499 0.074 0.400 0.560

EUROGATE 0.749 0.026 0.716 0.778

Average 0.752 0.170 0.400 0.939
Hinterland:

Seaports serve the hinterland with rail and land
transportation. In this sense, for a container port,
the hinterland can be defined as the related
economic area (Atak and Esmer, 2021). Bucak
and Esmer (2019) emphasized that accessibility
to the hinterlands should be optimized. They
stated that there are many studies on this subject
in the literature. Therefore, it is considered that

hinterland accessibility, economic level and size
can affect customer preferences, as they are the
factors that relate to the service network and size
of the port. GDP (Gross Domestic Product) per
capita in US dollars was used as a proxy of the
hinterland size. GDP per capita as of the end of
2022 of Mersin, Hatay and Limassol are 8278 $,
6785 $ and 32093 $, respectively.

Infrastructure:

The approach channel, breakwater and port
entrance, seabed and docks of a container port are
considered the infrastructure of that port.
Maneuvering restrictions, improper quay shape,
and insufficient berth length regarding the time
and difficulty of berthing and unberthing
operations may affect the choice of container line
operators. Deeper terminals, longer berth spaces
and large turning circles are considered critical
elements of a transshipment terminal. Principal
component analysis was performed to calculate a
component that presents a proxy of the total
infrastructural ability of the container ports based
on different scale features. Table 8 summarizes
the infrastructural features of the alternative
terminals and the normalized infrastructure score
as of the end of 2022.

Table 8. Infrastructural features of the terminals

Terminal Terminal area (Ha) Total berth length (m) Maximum berth depth (m) Normalized PCA score
MIP 124 3,370 15.8 3.62

LIMAK 27 1,652 15.8 1.52

ASSAN 22.5 680 19 0

EUROGATE 34 800 16 1.11
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Superstructure:

The number of the equipment that performs the
handling mechanically can also be a factor that
will affect customer choice. The quantity of the
shore crane that performs the handling work may
cause interruption in operation process.
Therefore, it is considered as an influential factor
in the customer's choice of products. Table 9
summarizes the infrastructural features of the
alternative terminals as of the end of 2022.

Table 9. Superstructure of the terminals

Terminal Handling equipment (pcs)
MIP 18
LIMAK 6
ASSAN 4
EUROGATE 5

Location:

It is thought that the location of the container port
can be crucial in a line operator's choice. As the
liner services are organized according to a pre-
fixed schedule, optimized vessel speed and
possible port congestions are undesirable
situations, and distance and number of calls are
complex issues that vary with the port location.
Therefore, the location of a container port is
considered as main and sub-criteria in the model.
Distance to main trade routes, geographic
location and the status for a regional competitive
environment may be crucial in terms of being a
distinctive transshipment container port. The

shortest distances to the Asia-Europe main route
are given in Table 10. Accordingly, Limassol
EUROGATE terminal is the most advantageous
terminal in terms of the distance to the main
route.

Table 10. Distance to the main route (Port Said)

Distance (nautical

Alternative  Distance (km) .
miles)
MIP 659.03 355.79
LIMAK 696.26 375.89
ASSAN 703.52 379.81
LIMASSOL 380.80 205.58
Cost:

Like every commercial enterprise operated for
profit, liner operators operate ships to make a
profit. Therefore, it is thought that port fees and
handling tariffs may also be effective in the
selection criteria of line operators. The
transshipment costs gathered from official
websites of the alternatives based on the
beginning of 2023 prices are given in Table 11.
The average price for each terminal is calculated
using the following Equation (5).

AverageTransCostpyy, =
AritmeticMean(Pricergy rypL; Pricergy gmpry) +

()

AritmeticMean(Pricergy rypL; PTicerpy gmpry)

Table 11. Transshipment costs' based on 2023 prices.

Terminal Condition TEU ($) FEU ($) Average Cost ($)
MIP Enf];‘tlyl 1;(5) 121;(5) 97.500
LIMAK Erf;‘tlyl I;g 1;8 90.000
ASSAN Er:};‘tlyl }(1)8 188 117.500
LIMASSOL | r:p‘fyl 12;:11 12‘2‘:47‘47‘ 123.605

4. FINDINGS AND DISCUSSIONS

Criterion weights were determined based on
questionaries filled out by ten expert

! The transshipment of the container using the storage yard.

academicians in the field. To determine the
criteria priorities, questionnaires were utilized on
a scale of 1-9 grade, as suggested by Saaty, to use
in pairwise comparisons of criteria (Saaty, 2003).
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SuperDecisions 3.2 computer software was used
to calculate AHP formulations based on pairwise
comparisons. The geometric means of the criteria

weights obtained from the AHP approach are
shown in Table 12.

Table 12. AHP pairwise comparison matrix for the criteria priorities

Criteria Efficiency Hinterland Infrastructure Superstructure Location Connectivity Cost
Efficiency 1 4.75 0.45 2.73 0.59 0.59 0.97
Hinterland 0.21 1 0.48 0.56 0.303 0.20 0.51
Infrastructure 2.24 2.07 1 2.18 0.29 0.48 0.99
Superstructure 0.37 1.77 0.46 1 0.26 0.29 0.35
Location 1.71 3.30 3.48 3.86 1 1.17 222
Connectivity 3.30 5.02 2.07 3.46 0.85 1 1.98
Cost 3.48 1.97 1.00 2.86 0.45 0.50 1

The importance levels acting as the weights for
the pairwise comparisons to be made are given in
Table 13. In addition, as shown in Table 11,
consistency ratio (CR) is calculated as 6%
(0.06220) This value is smaller than O0.1.
Therefore, in this case, it can be said that a
consistent criteria evaluation was carried out by
the experts. From the perspectives of the experts,
the findings state that connectivity (PLCI) is the
most important criterion for the choice of the
transshipment port. Location, cost and efficiency
follow the connectivity in terms of importance,
respectively. Location can be a crucial feature for
a hub port. But in this context, it is necessary to
examine why connectivity is slightly more
important than location. Regardless of the
location, limited maritime customer diversity
may limit the demand for transit cargo handling.
The least important criterion is defined as
superstructure. It can be considered as
reasonable. Recently, the most common
marketing tactic has arisen as the gigantism of
the terminal superstructure in social media and
brochures. The port managers can feel safe while
expressing themselves in this way. However, it
seems a worse strategy to attract customers
according to these findings. In alignment with
Chou (2007) who stated that, for a higher
transshipment demand, the volume and the cost
of handled containers are followed by efficiency,
infrastructure and location. To aim to be a
competitive hub port, East Mediterranean
container ports need to be more connected with
their neighbors and customers as well as
considering their location. In this sense, a better

consequence of the higher connectivity could be
triggered by a closer location to the main routes.
Determining the distance to positive and negative
ideal solution, ranking of the alternatives and
determined via TOPSIS method and given in
Table 14. The calculation steps are omitted, but
tabulated in Appendices section (Appendix II,
11, 1V, V).

Table 13. Weights of the criteria and
consistency level

Criteria Weight (%)
Efficiency 13.430
Hinterland 4.845
Infrastructure 9.891
Superstructure 5.755
Location 23.680
Connectivity 26.038

Cost 16.361
CI/RI 0.062

The results based on actual quantitative data are
shown in Table 14. The results suggest that the
most preferable transshipment hub alternative is
MIP located in Mersin. This finding is consistent
with real-life observations. Because MIP is
Turkey's largest port in terms of annual output
and its existing backyard (MIP, 2023).

Table 14. Rank of alternatives

Alternative S+ Si— Score Rank

MIP 0.05307 0.176131 0.76845 1
LIMAKPORT 0.10814 0.096070 0.47044
ASSANPORT 0.13782 0.078453 0.36274
EUROGATE 0.16116 0.070403 0.30403

ESNRUS I O]
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In East Mediterranean, the handling outputs are
beneficial to evaluate the consistency of the
results. According to TURKLIM (Port Operators
Association of Turkey) sector report (2023),
highest amounts of transit cargo have been
recorded in MIP by the years of 2019-2022 as
shown in Table 15.

Table 15. Transit cargo handling amount of the
Turkish competitors (TURKLIM, 2023)

Alternative 2019 2020 2021 2022
MIP 480.977 429.070 456.225 437.064
LIMAKPORT 15.252  21.195 24.698 30.359
ASSANPORT 9.854  5.789 8.622  10.711
5. CONCLUSION

In this study, Transshipment port selection
problem of a container line operator was
evaluated. The criteria were assessed by experts
and the alternatives were ranked according to
quantitative methods by using the actual numeric
data. It is found that this hybrid method can be
utilized by the line operators to decide the best
transshipment port thanks to the method’s easy
applicability and consistency.

According to the findings, the most important
criterion for the most preferable transshipment
hub port is connectivity. Therefore, the Eastern
Mediterranean container ports should evaluate
connectivity-based strategies to achieve better
transshipment levels besides export and import
handling activities.

In this context, utilizing digital technologies in
ports can change the customers' perspective on
the port. Because digital technologies result in an
altered perspective of seaport service quality.
Since seaport service quality is not prescribed
and strictly defined, the importance of
digitalization should be considered, which
includes redefining the seaport service quality
factors. The development of the port's customer
profile may also bring about a gradual increase in
maritime connectivity. In addition, bilateral
agreements with carriers and line operators can
play a critical role in the newly established
regular lines to provide bilateral connectivity
between ports. Finally, since the location should
not be ignored in transit port selection if a port

can not constitute an alternative to competitive
rivals with its locational features, the managers
should review their infrastructure and equipment
investment strategies in this context.

In future studies, it will be beneficial to consider
more criteria to make a better pairwise
comparison. Thus, it would be useful for the
container line operators to evaluate in a more
complex environment. Moreover, the criteria can
be decomposed to the sub-criteria and use
alternative MCDM methods for the evaluation of
the alternatives.

AUTHORSHIP CONTRIBUTION
STATEMENT

Volkan EFECAN: Conceptualization,
Methodology, Validation, Formal Analysis,

Resources, Writing- Original Draft, Writing-
Review and Editing, Data Curation, Software,
Visualization, Supervision.

CONFLICT OF INTERESTS

The author declares that for this article there is no
actual, potential or perceived conflict of interests.

ETHICS COMMITTEE PERMISSION

No ethics committee permissions are required for
this study.

FUNDING

No funding was received from institutions or
agencies for the execution of this research.

ORCID IDs

Volkan EFECAN:
https://orcid.org/0000-0002-8450-0445

6. REFERENCES

ASSAN PORT, (2023). Accessed Date: 26 November
2023, https://www.assanport.com.tr/tr-tr/kurumsal/
hakkimizda is retrieved.

Ates, A. (2010). Efficiency Analysis of Container
Terminals at Turkey. Ph.D. Thesis. Atatiirk University,
Erzurum, Turkey.

156


https://orcid.org/0000-0002-8450-0445
https://orcid.org/0000-0002-8450-0445
https://www.assanport.com.tr/tr-tr/kurumsal/%20hakkimizda
https://www.assanport.com.tr/tr-tr/kurumsal/%20hakkimizda

Efecan, (2024). Turkish Journal of Maritime and Marine Sciences, 10(3): 145-158

Atak, E.C., Esmer, S. (2021). Ulastirmada Altyap:
Yatirimlarinin Liman Hinterlandina Etkileri. Journal of
Maritime Transport and Logistics, 2(2): 72-81.

Ates, A., Esmer, S. (2011). DEA with Efficiency Analysis
of Turkey Container Terminals, 12th International
Symposium on Econometrics Statistics and Operations
Research, Denizli.

Aykar, D.A, Cetin, i.B. (2019). Relative Efficiency
Analysis of Container Terminals in Turkey, Fifth
International Mediterranean Social Sciences Congress,
Podgorica, Montenegro.

Bastug, S., Haralambides, H., Esmer, S., Eminoglu, E.
(2021). Port competitiveness: Do container terminal
operators and liner shipping companies see eye to eye?
Marine Policy, 135: 104866. doi:
10.1016/j.marpol.2021.104866.

Bogetoft, P., Otto, L. (2022). Benchmarking with DEA
and SFA, R package version 0.31.

Brian, S. (1985). Containerization: inter-port competition
and port selection, Maritime Policy and Management,
12(4): 293-303.

Bucak, U., Esmer, S. (2019). The Components of the Port
Hinterland Performance: A Literature Review Study,
III. Global Conference on Innovation in Marine
Technology and the Future of Maritime Transportation.

Chou, C.C. (2007). A Fuzzy MCDM Method for Solving
Marine Transshipment Container Port Selection
Problems. Applied Mathematics and Computation, 186
(1): 435-444. doi: 10.1016/j.amc.2006.07.125.

Ernst, G.F. (2001). Economics of transportation in
container shipping logistics, in: Inaugural International
Conference on Port and Maritime R&D and
Technology, Singapore.

EUROGATE, EUROGATE Limassol Container
Terminal, (2023). Accessed Date: 26 November 2023,

https://wwwl.eurogate.de/en/Terminals/Limassol s
retrieved.

Georgoulas, D., Koliousis, I., Papadimitriou, S. (2023).
An AHP enabled port selection multi-source decision
support system and validation: Insights from the
ENIRISST project. Journal of Shipping and Trade,
8(1): 1-11. doi: 10.1186/s41072-023-00144-x.

Haktanir, E., Kahraman, C. (2024). Integrated AHP &
TOPSIS Methodology Using Intuitionistic Z-Numbers:
An Application on Hydrogen Storage Technology
Selection. Expert Systems with Applications, 239(2):
122382. doi: 10.1016/j.eswa.2023.122382.

Kavirathna, C., Kawasaki, T., Hanaoka, S., Matsuda,
T. (2018). Transshipment hub port selection criteria by
shipping lines: The case of hub ports around the Bay of
Bengal. Journal of Shipping and Trade, 3(1): 4. doi:
10.1186/s41072-018-0030-5.

LIMAK PORT, LIMAK ISKENDERUN Container
Port, (2023). Accessed Date: 26 November 2023,
https://www.limakports.com.tr/tr/limakports/tarihce is
retrieved.

Mary, B. (2000). Sea Change in Liner Shipping-
Regulation and Management Decision-making in a
Global Industry, Elsevier Science Ltd., Oxford, UK.

Meng, Q., Wang, S. (2011). Liner shipping service
network design with empty container repositioning.
Transportation Research Part E: Logistics and
Transportation — Review, 47(5): 695-708. doi:
10.1016/j.tre.2011.02.004.

Merk, O. Bagis, O. (2013). The Competitiveness of
Global Port-Cities: the Case of Mersin - Turkey, OECD
Regional Development Working Papers, 2013/01,
OECD Publishing, doi: 10.1787/5k4c43014plt-en.

MIP, Mersin International Port, (2023). Accessed Date:
26 November 2023, https://www.mersinport.com.tr/tr/

hakkimizda/detay/hakkimizda/13/1/0 is retrieved.

Moschovou, T.P., Kapetanakis, D. (2023). A Study of the
Efficiency of Mediterranean Container Ports: A Data
Envelopment Analysis Approach. Civil Engineering,
4(3): 726-739. doi: 10.3390/civileng4030041.

Mu, E., Pereyra-Rojas, M. (2018). The Need for Another
Decision-Making Methodology. In: Practical Decision
Making using Super Decisions v3. SpringerBriefs in
Operations  Research.  Springer, Cham. doi:
10.1007/978-3-319-68369-0 1.

Munier, N., Hontoria, E. (2021). The hierarchical
structure" in Uses and Limitations of the AHP Method.:
A Non-Mathematical and Rational Analysis. Springer
International Publishing, 5-13.

Mulder, J., Dekker, R. (2017). Optimisation in container
liner shipping. In: Geerlings H, Kuipers B, Zuidwijk R
(eds) Ports and networks. Strategies, operations, and
perspectives. Routledge, London, 181-203.

Notteboom, T., Satta, G., Persico, L., Vottero, B., Rossi,
A. (2023). Operational productivity and financial
performance of pure transhipment hubs versus gateway
terminals: An empirical investigation on Italian
container ports. Research in Transportation Business &
Management, 47: 100967. doi:
10.1016/j.rtbm.2023.100967.

157


https://www1.eurogate.de/en/Terminals/Limassol
https://www.limakports.com.tr/tr/limakports/tarihce
https://www.mersinport.com.tr/tr/%20hakkimizda/detay/hakkimizda/13/1/0
https://www.mersinport.com.tr/tr/%20hakkimizda/detay/hakkimizda/13/1/0

Efecan, (2024). Turkish Journal of Maritime and Marine Sciences, 10(3): 145-158

Rosa Pires da Cruz, M., Ferreira, J., Garrido Azevedo,
S. (2013). Key factors of seaport competitiveness based
on the stakeholder perspective: An Analytic Hierarchy
Process (AHP) model. Maritime Economics and
Logistics, 15: 416-443. doi: 10.1057/mel.2013.14.

Saaty, T.L. (2008). Decision Making with the Analytic
Hierarchy Process. International Journal of Services
Sciences, 1, 83. doi: 10.1504/1JSSCI.2008.017590.

Saaty, T.L. (1980). The Analytic Hierarchy Process.
McGraw-Hill, New York.

Saaty, T.L. (1990). How to Make a Decision: The Analytic
Hierarchy Process. European Journal of Operational
Research, 48: 9-26. doi: 10.1016/0377-
2217(90)90057-1.

Sternberg, R.W. (2000). The successful factors of an
ocean transshipment center, the case study of one
Italian port. The Journal of Chinese Ports, 29 (2): 13—
18.

UNCTAD, United Nations Conference on Trade and
Development, Port Liner Connectivity Index,
(2023).
https://unctadstat.unctad.org/datacentre/dataviewer/US
.PLSCI is retrieved.

UNCTAD, Review of Maritime Transport, Maritime
Transport Connectivity, (2017).
https://unctad.org/system/files/official-document/rmt
2017ch6_en.pdf is retrieved.

Xiangda, L., Peng, Y., Guo, Y., Wang, W., Song. X.
(2023). An Integrated Simulation and AHP-Entropy-
Based NR-TOPSIS Method for Automated Container
Terminal Layout Planning. Expert Systems with
Applications, 225(3): 120197. doi:
10.1016/j.eswa.2023.120197.

158


https://unctadstat.unctad.org/datacentre/dataviewer/US.PLSCI
https://unctadstat.unctad.org/datacentre/dataviewer/US.PLSCI
https://unctad.org/system/files/official-document/rmt%202017ch6_en.pdf
https://unctad.org/system/files/official-document/rmt%202017ch6_en.pdf

Research Article DOI: 10.52998/trjmms.1396984
Turkish Journal of Maritime and Marine Sciences Volume: 10 Issue: 3 (2024) 159-172

The Effect of a New Mooring Point Location Selection on the Mooring Plan Load Distribution

Yeni Bir Baglama Noktas1 Yerlesiminin Baglama Plam Yiik Dagilimina Etkisi

Tiirk Denizcilik ve Deniz Bilimleri Dergisi Cilt: 10 Say1: 3 (2024) 159-172

Kerim ZIYLAN 2" [, Selcuk NAS?

'Dokuz Eyliil Universitesi, Fen Bilimleri Enstitiisii, Izmir, Tiirkiye
*Zonguldak Biilent Ecevit Universitesi, Denizcilik Fakiiltesi, Zonguldak, Tiirkiye
*Dokuz Eyliil Universitesi, Denizcilik Fakiiltesi, Izmir, Tiirkiye

OZET

Limanlarda bagli gemiler operasyonlar1 siliresince sabit tutulmaya calisilmaktadir. Cevresel ve
operasyonel yiikler sebebiyle gemi iizerinde olusan kuvvet ve momentler baglama halatlar1 ve
usturmacalarla soniimlenmeye ¢alisiimaktadir. Bu siiregte en aktif gorev alan ekipmanlarin basinda
ise baglama halatlar1 gelmektedir. Bagli gemileri limandan uzaklastiracak yondeki kuvvet ve
momentler usturmacalar1 gegersiz kilarak bu sonlimleme isini baglama halatlarina yikmaktadir. Bu
durumda halatlar lizerinde olusacak yiikiin ve bu yiikiin dagilimimin tespiti, halatlarin yiik tagima
sinirlart sebebiyle biiyiik bir onem kazanmaktadir. Calismamizda, denizcilik ekosisteminde
yayginlasan daha biiyiikk gemiler sebebiyle, bir baglama limanma eklenecek yeni bir baglama
noktasinin konum se¢imi iizerine aragtirmalar yapilmistir. Secilen VLCC siifi ¢ok biiyiik ham petrol
gemisinin ki¢ halat1 baglama noktas1 koordinatlar1 degistirilerek baglama halatlar1 tizerindeki etkisi
incelenmistir. Calisma sonucunda mevcut baglama planinda calisma kapasitesine %83.3 oraninda
ulagmuis kritik bir halat yiikiiniin, ayni1 ¢evre kosullarinda %73.3 seviyesine diisebilecegi veya %94.0
seviyesine ¢ikabilecegi kesfedilmistir. Bu ¢ikt1 yeni bir baglama noktasi yerlesiminin, baglama plani
yiik dagilimda 6nemli bir yeri oldugunu ortaya koymaktadir.

Anahtar sozciikler: Gemi baglama analizi, Liman baglama operasyonlari, Gemi baglama yiikleri
dagilimi, Optimoor.
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ABSTRACT

Ships moored in ports are tried to be kept stable throughout their operations. Forces and moments
occurring on the ship due to environmental and operational loads are tried to be damped with mooring
ropes and fenders. Mooring ropes are among the most active equipment in this process. The forces
and moments that will move the moored ships away from the port render the fenders invalid and leave
this damping job to the mooring ropes. In this case, determining the load that will occur on the ropes
and the distribution of this load becomes of great importance due to the load carrying limits of the
ropes. In this study, the research was conducted on the location selection of a new mooring point to
be added to a mooring port, due to larger ships becoming more common in the maritime ecosystem.
The effect on the mooring ropes of the selected VLCC class very large crude oil ship was examined
by changing the stern rope mooring point coordinates. The results of the study demonstrated that a
critical rope load, which reached 83.3% of its working capacity in the current mooring plan, could
decrease to 73.3% or increase to 94.0% under the same environmental conditions. The output reveals
that a new mooring point placement has an important position in the mooring plan load distribution.

Keywords: Ship mooring analysis, Port mooring operations, Ship mooring load distribution,
Optimoor.

1. GIRIS

IMO (2023a) baglama ekipmaninin yeterliliginin
gemi sahibi ve tasarimcisina ait oldugunu agikga
belirtmektedir. Limanlar ise baglama isleminin
diger ucundaki sorumlulardir. Bu
sorumluluklarin kontrolii i¢in gemi baglama
analizleri yapilmakta ve halatlarin {izerine diisen
yiiklerin tespiti yapilmaya ¢alisilmaktadir.
Gemilerin baglamasinda da kullanilan halatlar,
matematik olarak tek yonlii ¢alisan yaylar gibi
modellenebilmektedir. Cekme kuvvetine
reaksiyon gosterip, basma kuvvetine bosa
diistiikleri i¢in tek yonlii galigmaktadirlar. Ayrica
boyuna rijitlikleri (sertlikleri) ¢ok az oldugu i¢in
moment de tasimamaktadirlar. Uygulanan
kuvvet karsisinda gosterdikleri uzama verisi
bilinen halatlar nonlineer olarak degerlendirilir.
Bu bilgi genelde fabrika testleri ile {iriin
kataloguna islenmektedir. Bilinmeyen halatlara
Hooke’s Law geregince basit lineer yay
yaklasimi yapilabilir. iskele (ixyz) ve gemi
(Gxyz) arasinda bagli bir halatin baslangig
durumundaki koordinatlar1 iskelede A(X,y,z) ve
gemi iizerinde B(x0,y0,z0) seklinde olsun (Sekil
1). Bu durumdaki halatin matematiksel olarak
anlaml baslica 6zellikleri Young Modiilii (E),
halat kesit alan1 (A) ve halat boyudur (LO). Bir F
kuvveti neticesinde geminin donme ve/veya
Oteleme ile mevcut pozisyonu degisecektir.
Boylece halatin gemi iizerinde bagli oldugu B(xi,

yi, z1) noktas1 uxyz kadar yer degistirip B’(xii, yii,
zii) noktasina tasinir. LO halat uzunlugu ise L1
formuna ulasacaktir. Lineer olarak
basitlestirilmis bir yaklagimda kuvvet altinda
uzayan bir halatin, kesit alam1 (A) ve Young
Modiiliiniin (E) sabit kaldig1 kabul edilir.

B'(xii, yii,zii)—

" B(xi,yi,zi)

A(x.y,Z)—\
Sekil 1. Gemi-Iskele aras1 bagl halat temsili
Bu durumda halatin sahip oldugu biiytikliiklerin
degisip degismedigi kontrol edilmelidir. Bu

stireci Hooke yasasia gore lineer bir yay gibi
modellersek,

-F= (ExA)/L*Ai (1)

denkligi elde edilir. Bu denklikte (E.A)/L olarak
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gecen kisim “k” olarak yazilir ve herhangi bir
ekipmanin yay sabiti olarak anilir. Auise x,y, z
eksenlerindeki uzamadir. Boylece gemiye bagh
tim  ekipmanin  karakteristikleri  birlikte
degerlendirilerek, gemiye/limana 6zel baglama
sistemi planlar1 ve analizleri yapilmaktadir. DDS
582-1 kodlu Amerikan Donanmasi’na ait 1987
tarihli calisma, baglama sistemlerine dair
hesaplamalar konusunda genel yaklasima dair
derli bir tablo sunmaktadir.

Natarajan ve Ganapathy (1995) limana baglh
gemilerin baglama analizleri lizerine yaptiklar
calisma ile “Ship Moor” isimli bir analiz
programi gelistirmiglerdir. Calismanin detaylari
baglama analizi konusunda DDS582-1 (1987) ile

sunulan  yontemin  detaylandirmak  igin
kullanilabilir.
Lee vd, (2021) diinya ¢apinda baglama

operasyonlarinin gilivenle yiiriitiilebilmesi i¢in
baglama problemlerinin ¢o6ziilmesi gerektigini
aktarmaktadirlar. Baglama halatlarinin gerilme,
strtlinme, burkulma yorgunlugu ve sicaklik
etkisiyle deforme olusuna dair simiilasyonlar ile
incelemelerde bulunmuslardir. Calisma
sonucunda daha etkin baglama ydntemleri
tavsiyeleri  gelistirmis,  limanlarin ~ hem
verimliligine hem de gilivenligine pozitif katkida
bulunmuslardir.

Valet vd., (2013) Isvigre’de bir halat kopma
kazas1 sonucunda bir c¢ocugun basindan
yaralanmas1  seklinde  gerceklesen kazayi
incelemiselerdir. Riizgar hizinda gergeklesen
kisa siireli hiz artis1 (wind gust) sebebiyle
gerceklesen kazada, kopan halatin daha 6nceden
deformasyonu olup olmadigi, bir ihmal durumu
olup olmadig arastirilmistir. Caligma sonucunda
yeni kosuldaki bir halatin kopabilecegi, hatta
daha kalin bir halat kullanilsa bile daha fazla
gerilip kopacagi i¢in daha biiylik sorunlar
olusturabilecegi bulunmustur.

Lee vd., (2015) donanma gemilerinin okyanus
dalgalar1 altindaki halat yiiklerini digiirmek
lizere Oneriler gelistirmis ve hata analizi
gerceklestirmislerdir. Dalga etkilerini de dahil
ederek gemi hareketlerini incelemis ve 6zellikle
dalga kaynakli siiriikleme kuvvetinin baglama
sisteminin  basarisizligindaki baglica sebebi
oldugunu aktarmiglardir. Calismalarinda
inceledikleri 6rnek durumlar neticesinde bazen
baglama sisteminin yetersiz oldugunu, bazen de

cevresel kosullarin tasarlanan ¢evre kosulu
sinirlarini astigini tespit etmislerdir.

Dalga gibi gevre kosullarinin baglama sistemine
etkisi incelenirken hava kosullarimin dikkate
alinmasi faydali olacaktir. Turna vd., (2022) buz
tutan deniz suyunun gemi govdesi {lizerinde
olusturdugu direng artigini ve kar sebebiyle gemi
giivertesinde olusan yiikle ilgili yaptiklar
calismada Onemli tespitlerde bulunmuslardir.
Ozellikle deniz iizerinde olusan buz kalinligmnin
geminin draftim1 dogrudan etkilemesi, baglama
sistemlerinin dogas1 geregi dnemlidir.

Abdelwahab vd., (2024) Dbir limanda
gergeklestirilen mendirek genisletme ve rihtimda
gerceklestirilen  degisikleri  incelemiglerdir.

Calismada dalga siddeti ve baglama sistemi 6n-
gerilme kuvvetlerini degerlendirmek i¢in fiziksel
bir model gelistirerek aragtirmalar yapilmuistir.
Limanin yeni durumuna dair elde edilen veriler,
limana 6zel giivenlik tedbirleri i¢in kullanilmak
izere sunulmustur.

Saad wvd, (2021) baglama halatlarinda
gerceklesen kopmalari, makine 6grenme ve
yapay sinir aglarnt  yOntemini kullanarak

incelemislerdir. Makine 6grenme yontemi olarak
Cok Katmanli Algilayict (Multilayer Perceptron
—MLP) ve Uzun Kisa-Siireli Bellek (Long Short-
Term Memory) kullanmis ve iki yoOntemi
karsilastirmiglardir.  Iki  yonteminde  halat
kopmalarinin tahmin etmede basarili olmasina
karsin, LSTM daha basarili bulunmustur.

Hassani vd., (2018) pozisyon baglama (position
mooring-PM) yonteminde halat sensorlerinde
Olctim olmadig1 durumlar i¢in halat kopmalarini
tespit edebilmek adina Dinamik Hipotez Testi
(Dynamic Hypothesis Testing) yOntemini
kullanmiglardir. Bir halattaki kopma diger
halatlar iizerinde ekstra yilik olusturacagina
deginerek, kopmalarin hizli tespitinin Sneminden
bahsetmislerdir. Boylece iticilerin gerekli tedbiri
alabilmesine vurgu yapilmistir. Gelistirdikleri
hipotez; oOnce tiim halatlarin saglam oldugu,
sonra farkli halatlarin kopuk oldugu senaryolar
dinamik olarak pozisyon baglama sisteminin
hesaplamasina dahil edilmesi seklindedir.

Jaiswal ve Ruskin (2019) klasik halat kopma
tespit sistemlerinin yetersizliklerinden
bahsederek gelistirdikleri derin makine 6grenme
yontemi ile halatlarin neredeyse gergek zamanh
kopmasin1 %99 tutarlilikla tespit edebildiklerini
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aktarmiglardr.

Baglama halatlarinin kopmasi ve kazalara yol
acmasi, sadece gemi-liman iliskisi igerisinde
degil denizciligin bircok alaninda iizerinde
calisilan bir konu haline gelmistir.

Chung vd., (2020) derin sinir aglart (DNN)
yontemi ile TLP (tension leg platform) tipi bir
platform {izerinde hasar gormiis baglama
halatlarinin tespiti lizerine ¢alisma yapmislardir.
Calisma sonucu yontemin basarili oldugunu ve
olas1 kaza/hasar senaryolarinin erken tespiti i¢in
kullanilabilir durumda oldugunu belirtmislerdir.
Zhang vd., (2024) ylizer riizgar tiirbinlerinin su
alt1 baglama halatlarinin biiyiik firtina halindeki
kopma analizini yapisal olarak
degerlendirmislerdir. Calisma sonucunda segilen
tiirbin modelinin baglama sisteminin, firtinada
olusan yiiksek dalgalara ve yiiksek hizh
rlizgarlara ragmen dayanimini koruyabilecegini
bulmuslardir.

Huang ve Pan (2010) bir tek noktali baglama
halatinin  (SPM) wuzun donemde yorulma
karakteristiklerini  inceledigi  calismalarinda
38mm c¢apindaki bir polyester baglama halati i¢in
degisim periyodunu 6.55 yil olarak bulmuslardir.
Ayni kosullarda halatin ¢apmin 50mm olmasi
durumunda kullanim Omriiniin  23.81 yila
uzayacagini ve servis Omiirleri siliresince
yorulmaya bagli kopma ihtimalinin ise sirasiyla
0.49 ve 0.29 oldugunu tespit etmislerdir.
Baglama halatlarindaki kopmalar gemilerde
oldugu kadar kafesli balik yetistiriciligi gibi
baglama halatlarinin kullanildi farkli konularda
da ortaya ¢ikmaktadir (Cheng vd., 2021).
Veloso-Gomes vd., (2005) Portekiz’deki Leixdes
limaninda bulunan ii¢ adet baglama rithtimlarin
incelemis ve A kodlu rihtimin 6zellikle kis ve
sonbahar aylarinda hava kosullar1 nedeniyle 35-
118 giin arast ¢alisgamadigini tespit etmislerdir.
Ayrica ¢alismada A kodlu rihtima baglanmis bir
VLCC (very large crude carrier) tipi geminin
baglama caligsmasi detayli olarak islenmistir.
Barros ve Mazzilli (2018) limana bagli bir gemi
icin simetrik bir baglama analizi ¢alismasi
yapmuslardir. Farkli yaklagimlardaki statik ve
dinamik analizleri inceleyerek
karsilagtirmiglardir. Calisma sonucunda rihtima
0zel olmayan bazi ¢ozlimler gelistirmislerdir.
Bu calisma ile gemi baglama noktasi yer
se¢iminin, baglama sistemi yiik dagilimina etkisi

ortaya ¢ikarilmis olacaktir. Literatlirde kullanilan
simetrik baglama planinin ve simetrik olmayan
baglama plan1 yerlesimlerinin halat yiikleri
iizerindeki etkisi arastirilacaktir. Bunun igin
mevcut simetrik bir baglama plani olusturulmus
ve bir nokta iizerinde arastirmalar yapilarak
asimetrik yerlesiminin etkileri hesaplanmis ve
calismada sunulmustur. Senaryoya ozel farkli
yerlesimlerin arastirilmasit sonucunda ¢alisma
kapasitesine %83.3 oraninda ulagsmis kritik bir
halat yiikiinlin, ayn1 ¢evre kosullarinda %73.3
yiik seviyesine diisebilecegi veya %94.0
seviyesine ¢ikabilecegi kesfedilmistir.

2. MATERYAL VE YONTEM

Son yillarda, {iretilen yeni ve daha biiylik
gemilerin kullanimimin artmasi ile limanlarin
baglama semalarinda da buna uygun
degisikliklere gidildigi izlenmektedir. Ozellikle
EEE smifi konteyner gemileri (ULCV-Ultra
Large Container Vessel) ve VLCC (Very Large
Crude Carrier) sinifi tanker gemileri, fiziki
Olcekte daha genis baglama sistemi alanlarina
ihtiyac duymaktadir. Sektérdeki bazi mevcut
limanlarin da bu ihtiyact mevcut baglama
rthtimlarina yeni baglama noktalar (ylizer veya
sabit iskele babalar1) ekleyerek asmaya calistigi
gozlenmistir. Calisma bu motivasyonla, mevcut
bir baglama sisteminde sadece gemi kigina en
uzak (ki¢ halatinin baglandigi) kiy1r baglama
noktasinin konumunun Onemini arastirmay1
ama¢ edinmistir. Mevcut bir limana yanasan
biiylik bir gemi senaryosunda, yeni eklenecek
baglant1 noktasinin gemi bas ya da ki¢ uclarindan
biri tarafinda olmasi gerekecektir. Calismada
ornek geminin bastan yanastig1 kabuli ile kig
halati (F babasi) iizerinde arastirmalar
yapilmistir. Calismanin is akis semasi Sekil 2 ile
temsil edilmistir.

Gemilerin baglanmasi ic¢in kullanilan baglama
halatlarinin iizerine diisen yiike dayanamayip
kopmasi da sektérde zaman zaman karsilagilan
kazalardandir. Yapilan bir aragtirmada, her 100
tanker terminali baglama operasyonunda
yaklastk 5 halat kopmasi yaralanmasi
tehlikesinin oldugu tespit edilmistir (Kuzu vd.,
2018). Bu sebeple halatlara diisen yiikiin detayl
olarak tespiti de 6nem kazanmaktadir.
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Ekipman
Ozelliklerinin
Tespiti (E. A.

Cevresel Yiikler
ve Hiicum Agist
Tesniti

Baglama Analizi

Baglama Plan1

ve Halat Yik Koordinatlarinin |
Tespiti Tesniti
Secili Baglama Yeni
Noktas1 Konum Koordinatlarin
Degisikligi Tesniti
Sonuglarin .
nE Analiz Tekrari
Karsilastirmast

Sekil 2. Calisma hesaplar1 is akis semasi

Cevre kosullari, baglama sistemleri iizerinde
1970lerden bugiine aktif olarak caligma yapip
tavsiye ve sinirlandirici kaynaklar iireten The Oil
Companies  International ~Marine  Forum
(OCIMF, 2023) yaymi1 Mooring Eqipment
Guidelines IV (OCIMF, 2018) uyarinca
belirlenmigtir.  Akintt  hiz1 gemi bag/kig
yoniindeki analizler i¢in 3knot, basa/kica 10° ag1
icin 2 knot, gemi bordosu dikine yonlii (90°)
analizler i¢in 0.75knot olarak onerilmistir. Akinti
ve riizgar hiicum agis1 30° olarak hakim riizgar
yonii seklinde kabul edilmistir. Bu yilizden akinti
hizinin  lknot olarak  secilmesi uygun
bulunmugtur. Tiim bu yo6nlerde 60knot riizgar
hiz1 tavsiye edilmistir.

Bu calismada, Optimoor gemi baglama analiz
programi kullanilarak, bir limana eklenmesi
planlanan yeni bir baglama noktasinin yer se¢imi
ve baglama sistemine etkilerinin analizi
yapilmaya ¢aligilmistir.

Program gecerliligini, Ozellikle tanker siifi
gemilerin emniyetli baglanmasi i¢in uzun
yillardir ¢aligmalar yapan OCIMF (2018) 6rnek
vakalartyla kanitlamis (Flory ve Ractliffe, 1994;
Flory vd., 1998, Wang ve Noh, 2022) ve
literatiirde baglama analizinde kullanilan bir
yazilimdir.  Matakis  (2010), Optimoor'da
kullanilmak {izere donanma baglama tasarim
kilavuzlarini uyarladigi bir ¢aligma yapmastir. Li
vd., (2013), Optimoor yardimiyla kendi gii¢
kaynagi bulunmayan gemilerin gilivenli bir
sekilde baglanmasi i¢in tayfun onleme baglama

sistemini arastirmiglardir. Kudela vd., (2016),
300.000 dwt'lik bir petrol tankerinin demirleme
hareketlerini analiz etmis ve Optimoor'un
sagladig1 verilerle bir deniz petrol terminali
baglama sistemi tasarlamiglardir. Lee vd.,
(2019), yazilim yardimiyla gemiden gemiye
baglama simiilasyonunu analiz etmistir. Sreedevi
ve Nallayarasu (2023), bagl gemilerde, etraftan
gecen gemi etkilerini arastirmak i¢in Optimoor'u
kullandig1 goriilmiistiir.

Tablo 1. Model Gemi Baslica Ozellikleri

Ozellikler Birim  Biiyiikliik
Gemi Tipi - VLCC
Gemi Boyu m 330
Gemi Eni m 50
Gemi Draft1 m 16
Gemi Derinligi m 24
Riizgar Hiz1 knot 60
Akint1 Hiz1 knot 1
Riizgar ve Akt Yonii ° 30
(Rihtim Ekseni)

Deplasman t 184800
Gemi Boyuna Riizgar Alani m? 3799
(Avr)

Gemi Enine Riizgar Alani m? 1150
(A1)

Hesaplanan EN (Equipment - 59243

Number) (IMO, 2023a)

Yari-statik ve dinamik baglama analizi
yontemleri i¢in modilleri ayr1 modiilleri
bulunmaktadir. Yari-statik yaklasim riizgar ve
akinti degiskenlerini, dinamik yaklasim ise
literatlirdeki farkl dalga teorilerine
dayanmaktadir. Cevresel yiiklerin  hesabi
yapildiktan sonra ise gemi lizerindeki halatlarin
yik dagilimi programm kendi gelistirdigi
yontem ile hesaplanmaktadir. Calisma igin
program biinyesindeki gemi ¢esitleri igerisinden
bir VLCC modeli se¢ilmis ve baslica 6zellikleri
Tablo 1 ile verilmistir.

Sekil 3. Model Gemi Baglama Plan1 — Optimoor
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Belirtilen akinti ve riizgar hizi gibi baglama
sistemi analizinde kullanilan cevresel etkenler
OCIMF (2018) tarafindan belirlenmektedir. Bu
kosullar geminin herhangi bir yoniinden gelen
60knot hizindaki riizgara eslik eden, bas-kig
ekseninde 3knot diger yonlerde azalan bir akinti
hiz1 seklinde belirlenmistir. Calisma da akinti
hizt degeri disiiriilmemis 3knot olarak ele
alinmistir. Gemiye etkiyen cevresel yiiklerin
hesab1 konusunda literatiirde model deneyleri ile
elde edilen veri setlerinin kullanilmasi1 yaygindir
(Aage, 1971; Blendermann, 1994; Isherwood,
1972; OCIMF, 2018)

Gemi baglama sistemi, liman yapisindaki iskele
babalar1 ve gemi {iizerindeki karsiliklar1 olan
localar olarak tasarlanmistir (Sekil 3) Baglanti
noktalar1 simetrik olarak yerlestirilmis (OCIMF,
2018) ve bir bas halat1 (A-1), bir bas agmaz halati
(B-2), bir bag spring (C-3), bir ki¢ spring (D-4),
bir ki¢ agmaz halat1 (E-5), bir ki¢ halat1 (F-6) ile
gemiye baglanmstir.

Uluslararas1 Denizcilik Orgiitii (IMO, 2023b)
acmaz halatin1 (breast line) gemi bordasinin
dikine baglanarak, geminin limandan
uzaklagmasini engellemeye calisan halat olarak
tanimlamaktadir. Spring halati ise, neredeyse
gemiye paralel olarak baglanan ve geminin bas
ki¢ yoOniindeki hareketini kisitlamaya calisan
halat olarak, bas ki¢ halati ise boyuna ve enine
eksenin arasinda yer alarak her iki yondeki
hareketi bagli bulundugu ag¢1 dogrultusunda
engellemeye calisan halat olarak
tanimlanmaktadir.

ASCE (2014) baglama analizlerinde baslangi¢
asamasinda sistemi basite indirgemek amaciyla
acmaz ve bas ki¢ halatlarinin agilarini gemiye dik

kabul ederek gemi enine yondeki kuvvetleri ve
etkilerini dengeleyen bir yaklasimda
bulunmaktadir. Spring halatlar1 ise gemi boyuna
uzanan eksende kabul ederek basit bir sistem
modelleyerek denge durumunu su sekilde
Ozetlemektedir:

> F =F-T, =0 (2)
Z F, =F -Ty;-Ty, =0 (3)
ZMXY =M, -Typ xL.-T,, xL, =0 4)

Fx: Mastoride olusan, gemi boyuna eksendeki
kuvvet,

Tx: Spring halatlarinin reaksiyon kuvveti,

Fy: Mastoride olusan, borda dikine eksende
olusan kuvvet,

Tyr: Bas agmaz halatinin reaksiyon kuvveti,
Tya: Ki¢ agmaz halatinin reaksiyon kuvveti,
Mxy: Mastoride olusan moment,

Lr: Bas agmaz halatinin mastoriden uzakligi,
La: Ki¢ agmaz halatinin mastoriden uzakligi.

Burada Fx, Fy ve Mxy degiskenleri, riizgar,
akinti gibi ¢evresel kosullarin gemi iizerinde
olusturdugu yiiklerdir. Ti ise halatlarda olugmasi
beklenen gerilmelerdir. ASCE (2014) bu
basitlestirmede cevresel yiiklerin bilinen, halat
gerilmelerinin ise bilinmeyen oldugunu ve iig¢
bilinen, ii¢ bilinmeyen oldugu i¢in bu denklem
sisteminin (1-2-3) coziilebilecek bir durumda
oldugunu belirtmistir. Halatlarin daha gercekgi
bir sekilde temsil edildigi ve acisal degerleri
dikkate alindig1 bir denklem kiimesi yazilmaya
calisildiginda ise Denklem 5-6-7 olusacaktir.

>'F, =F, +ikm (Y+L,sind,)cosa, +i(qu—Pq)sinaq =0 (5)

m

> F, =F, +> k,(Y+L,sin6, )sina, +Zq:qucosaq —Zn:kn (Y+L,sin6)=0 (6)
1 1 1

m q

DM =My, +> k,(Y+L,sing, )L, sina+ Y kL, cosb, cosa —Zn:Rn (Y+L,sin@)L, =0 (7
1

1 1

m: A¢maz halatlarinin sayist,

n: Usturmaga sayist,

q: Spring halatlar1 sayist,

Tm : m agmaz halatinin reaksiyon kuvveti,
Lm : m agmazinin enine merkezden uzakligi,

Rn : n usturmagasinin reaksiyon kuvveti,

Ln : n usturmagasinin enine merkezden uzakligi,
km : m agmaz, bas/ki¢ halatinin yay sabiti,

kn : n usturmagasinin yay sabiti,

kq : q spring halatinin yay sabiti,
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om : m agmazinin boyuna merkez ile yaptig
enine agigi,

on : q spring halatinin boyuna merkez ile yaptig
enine agl,

X : Yan o6teleme (surge)

Y : Ileri-geri 6teleme (sway)

0 : Savrulma (yaw) agist.

Mevcut denklem sistemi statik olarak belirsiz bir
durumdadir ve bu kez ii¢ tane denklem olmasina
ragmen “m+n+q” adet bilinmeyen vardir (ASCE,
2014). Bu denklem sisteminin ¢oziimi ise elle
mimkiin olmayip, 0zel olarak gelistirilen
yazilimlar veya bazi Excel dokiimanlar1 ile
¢ozlim aranabilmektedir. Burada gemiye
baglanmas1 planlanan halat sayisinin tespiti ise
ayr1 bir problem dogurmaktadir. Calisma konusu
da olan tankerler i¢in, gemiye baglanmasi 6n

o>
ow
oo

Qo

goriilen toplam agmaz ve bag/ki¢ halatlar1 sayisi
“n”, Denklem 8 (IMO, 2023b) ile verilmistir.
Buna ek olarak EN > 5000 i¢in dort adet spring
eklenmesi tavsiye edilmistir.

n=_83%10"xA, +4 8)

Denklem 8 sonucunda, segilen gemi modeli igin
her babaya iki tane olmak {izere on iki adet halat
baglanmasinin daha uygun olacag1
ongoriilmesine ragmen, daha rahat inceleme
yapilabilmesi adina halat sayis1 alt1 adet olarak
tutulmustur. Degerlerin gercekligini yitirmemesi
adina halatlarin  minimum kirilma  yiikiini
(Minumum Breaking Load — MBL) iki katina
cikartilacak sekilde miidahale edilmistir

om
O

60 Knot  1Knot

= P "\f‘x' Mxy
Fx !
V ey

Rizgar Akinti

Sekil 4. Gemiye Uygulanan Kuvvetler, eksenler ve Liman Baglant1 Noktalar1

IMO (2023b) tarafindan MBL hesab1 Denklem 9
ile verilmistir.

MBL = 0.1xA, +350 (9)

Gemiye ait degerler yerine konuldugunda
sonucun 730 kN (74.5 t) olarak ¢iktig1
goriilmektedir. Optimoor programi {izerinde
cesitli halat tipleri ve c¢aplart i¢in sec¢im
yapilabilmektedir. Gemi i¢in hesaplanan MBL
degerine uygun 77 tondur MBL degerini veren
ise 33mm c¢apindaki c¢elik halattir. OCIMF
(2018) uyarinca “halat tasarim kopma yiikii”
(LDBF- Line Design Breaking Force) %100-105
MBL seklinde olmalidir. Bu sebeple 82t LDBF
degerine sahip 34mm c¢apinda g¢elik halat
sec¢ilmis, daha sonra alt1 halat ile ayn1 kabiliyette
yiikiin tagiabilmesi i¢in 50mm ¢apinda, LDBF
168t olan ¢elik halatin kullanimi analizin amaci
dogrultusunda uygun bulunmustur.

Bu calismada, gemi ki¢ halatinin bagli oldugu
“F” baglanti noktasinin yatay eksendeki dort
yonde ve bu yonlerin diyagonallerinde hareket
ettirilmesiyle (Sekil 4), limanlarda baglama
noktast konum sec¢imi ve baglama halatlar

iizerindeki etkileri incelenmektedir. Gemi
boyuna/enine ekseninde negatif ve pozitif
yonlerde ikiser —metrelik adimlarla yer

degisimleri yapilmistir. Bdylece “F” baglanti
noktas1 boyuna ve enine eksende -10m ile +10m
arasinda yirmi adet noktada ve
diyagonallerindeki yirmi noktada yeniden
konumlandirilarak toplam kirk noktada baglama
analizi yapilmis ve her seferinde sistem
tizerindeki yiikler degerlendirmeye alinmistir.
Riizgar ve akinti yonii tiim analizlerde sabit
tutulmus ve Sekil 4 icinde gdsterilmistir.
Baglama semasi kurulurken OCIMF (2018)
sinirlandirmalarina uyulmus ve halat
uzunluklarina dikkat edilmistir.
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3. BULGULAR

Belirlenen c¢evre kosullar1 ve simetrik baglama
semas1 altinda referans degerlerin olusturuldugu
baglama analizi verileri ve sonuglar1 Tablo 2 ile
verilmistir. ~ Babalarim  orijin  noktasina
mesafelerinin verildigi ikinci satir verileri,

Tablo 2. Baglama Sistemi Ozellikleri

baglama noktalarinin birbirine olan
mesafelerinin hesabinda kullanildiginda spring
halatlarinin aras1 60m, agmazlar ile bas ve kig
halatlar1 aras1 68er metre olarak karsimiza
cikmaktadir. F baglanti noktasinin  farkh
yonlerdeki =+10metrelik hareketi sonucu E
noktasiyla arasinda yeterli mesafe kalmaktadir.

Ozellik Baglama Halatlar

Baglama Halat1 No. 1 2 3 4 5 6
Bagli Oldugu Iskele Babasi A B C D E F
Baba-Orijin Mesafe (x-ekseni) (m) -203 -135 -30 30 135 203
Baba-Orijin Mesafe (y-ekseni) (m) 15 15 9 9 15 15
Toplam Halat Uzunlugu (m) 50 17.6 41 41 17.6 50
Halat Cap1 (mm) (Steel Wire) 50 50 50 50 50 50
Gerilim (t) 13.7 58.2 13.4 7.3 128.7 58.3
Halatin Dayanimi (%) %7.4 %35.1 %4.9 %38.3 83.3% %31.6

Tablo 2 incelendiginde halatlarin ayr1 ayr
giivenli yik dayanimlart yiizdesel olarak
goriilebilmektedir. Ozellikle E babasma bagli 5
numarali halatin % 83.3 oranindaki yiik degeri ile
giivenli calisma smirina ¢ok yakin oldugu
gozlenmektedir. Tablo 2 wverileri referans
degerler olarak kabul edilerek X, Y ve diyagonal

eksenindeki yer degisimlerine ait baglama
analizi sonuglart ve olusan yiik farklart (t)
ilerleyen sayfalardaki tablolarda ve sekillerde
gosterilmistir. Tablo satir baglarinda halatlar i¢in
kullanilan renkler, sekillerdeki renklendirmelerle
ayni1 tutulmustur.

Tablo 3. Gemi Boyuna Ekseninde (AX) Yer Degisiklikleri ve Baglama Analizi

X ekseni yer degisikligi (AX) (m) H1 H2 H3 H4 H5 H6
Halatlarin Yiikleri (Yiizde LDBF)

-10 8.2 34.6 8.0 43 76.6 347
-8 8.0 34.8 73 52 77.7 342
-6 7.9 349 6.6 6.0 79.0 33.7
-4 7.7 349 6.0 6.8 80.4 33.0
-2 7.6 35.1 54 7.6 81.8 324
0 7.4 35.1 4.9 8.3 83.3 31.6
2 7.3 35.1 44 8.9 84.8 30.8
4 7.1 35.1 4.0 9.5 86.3 30.0
6 6.9 35.2 3.6 10.1 87.7 29.1
8 6.7 35.1 33 10.5 89.2 28.3
10 6.6 35.1 3.0 11.0 90.7 27.4

F baglama noktasinin gemi boyuna eksenindeki
(+ X yoOniindeki) hareketi ve baglama analizi
sonucu, halatlarin c¢alisma simirma (168t)
oranlanarak yiizdesel olarak Tablo 3 ile
verilmistir. Halatlarda meydana gelen yiik

degisimleri ton biriminde Sekil 5 ile ayr1 olarak
verilmistir. Bu veriler incelendiginde 5 numarali
halata binen yiikiin 10t artti§1 goriilebilmektedir.
Bu artis halat ytiikiiniin %83.3 degerinden %90.7
caligma simir1 degerine ¢iktigini géstermektedir.
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Negatif yonlii hareket incelendiginde ise 5 1 numarali halat: 2.6t
numarali halatin yliik durumunun %76.6 oraninda 2 numarali halat: 0.8t
daha bir giivenli c¢alisma bolgesine indigi 3 numarali halat: 8.3t
goriilebilmektedir. Diger halatlarda kritik bir 4 numarali halat: 11.1t
durum goézlenmemis olup her bir halattaki toplam 5 numarali halat: 23.6t
ylik degisimleri su sekildedir; 6 numarali halat: 12.3t

Baslangic Kosuluna Gore Halat Yiik Farklar
15.0

10.0

5.0

0.0 | I [ ] I -_ I - I - | | _ I I — I

. - - I I | I L] I | I [ |
-1 -8 -6 -4 -2 0 2 4 6 8 4o

-5.0

-10.0

mH] mH2 mH3 wH4 mHS mHG6

Sekil 5. “F” Noktasinin gemi boyuna eksenindeki yer degisikligi (AX= £10m) ve halatlarda olusan
yiik farklari(t)

F baglama noktasinin gemi enine eksenindeki eksenindeki harekete kiyasla Y eksenindeki
(£Y yoOniindeki) hareketi ve baglama analizi hareketlerin etkisinin daha az oldugu tespit
sonucu, halatlarin ¢aligma sinirina oranlanarak edilmistir.

ylizdesel olarak Tablo 4 ile verilmigtir. X

Tablo 4. Gemi Enine Ekseninde (AY) Yer Degisiklikleri ve Baglama Analizi

Y ekseni yer degisikligi (AY) (m) H1 H2 H3 H4 HS Hé6
Halatlarin Yiikleri (Yiizde LDBF)

-10 7.4 35.8 2.5 10.8 84.3 33.6
-8 7.4 35.7 3.0 10.2 83.8 333
-6 7.4 355 3.6 9.6 83.5 33.0
-4 7.4 354 4.0 9.1 83.3 32.6
-2 7.4 35.2 4.5 8.7 83.2 32.1
0 7.4 35.1 4.9 8.3 83.3 31.6
2 7.4 35.0 53 7.9 83.4 31.1
4 7.4 349 5.6 7.6 83.6 30.6
6 7.3 34.8 5.9 7.3 83.8 30.1
8 7.3 34.6 6.2 7.0 84.1 29.6
10 73 34.5 6.4 6.8 84.4 29.0

F baglama noktasinin gemi boyuna eksenindeki meydana gelen yiik degisimleri ton biriminde
(£ Y yoOniindeki) hareketi ve baglama analizi Sekil 6 ile ayr1 olarak verilmistir. Bu veriler
sonucu, Tablo 4 ile verilmistir. Halatlarda incelendiginde en biiyiikk degisikligin 3, 4 ve 6
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numarali halatlarda gerceklestigi
goriilebilmektedir. Halatlarda kritik bir durum
gozlenmemis olup her bir halattaki toplam yiik
degisimleri su sekildedir;

1 numarali halat: 0.4t

2 numarali halat: 2.1t
3 numaral1 halat: 6.6t
4 numaral1 halat: 6.9t
5 numaral1 halat: 3.6t
6 numaral1 halat: 7.7t

6.0

4.0
s I
40 ] 6 ! -2

-4.0

-6.0

Baslangic Kosuluna Gére Halat Yiik Farklar

EH] mH2 mH3 sH4 mHS ®H6

|||
i

Sekil 6. “F” Noktasinin gemi enine eksenindeki yer degisikligi (AY=+10m) ve halatlarda olusan yiik

farklari(t)

F baglama noktasinin bas iskele — ki¢ sancak
yoniindeki (225°- 45° diyagonali) hareketi ve
baglama analizi sonucu Tablo 5 ile verilmistir.
Bu hareket trigonometrik {giincii bolgeden

birinci bolgeye dogrudur. Yani hareket esnasinda
hem X hem Y eksenindeki hareket -10m ile
baslayip +10m yoniinde oldugu ic¢in Sekil 7 de
eksen isimleri dnceki sekillerle ayni tutulmustur.

Tablo 5. Bas iskele — Ki¢ Sancak Yonii (225°- 45° diyagonali) Yer Degisiklikleri ve Baglama Analizi

Bas Iskele — Ki¢ Sancak Yonii H1 H2 H3 H4 H5 H6

AX AY Halatlarin Yiikleri (Yiizde LDBF)

-10 -10 8.6 35.5 5.9 6.2 73.5 39.2
-8 -8 8.3 354 5.6 6.7 75.8 37.5
-6 -6 8.0 354 5.4 7.2 77.9 35.8
-4 -4 7.8 353 5.2 7.6 79.8 343
-2 -2 7.6 35.2 5.1 8.0 81.6 32.9
0 0 7.4 35.1 4.9 8.3 83.3 31.6
2 2 7.3 35.0 4.8 8.5 84.8 30.4
4 4 7.1 349 4.7 8.8 86.2 29.3
6 6 6.9 349 4.6 8.9 87.4 28.2
8 8 6.8 34.8 4.6 9.1 88.7 27.2
10 10 6.7 34.7 4.6 9.3 89.8 26.3

Bu hareket esnasinda en biiyiik yiik degisikligi
besinci ve altinci halatta gdzlenmistir. Besinci
halatin kritik durumu yeniden
degerlendirildiginde, negatif yonlii hareket,
halatin ¢alisma yiikiini %73.5 seviyesine

diistirmis, pozitif yonli diyagonal hareket ise
%89.8 degerine ulagsmasina sebep olmustur. En
biiyiik yilik degisimleri 5 ve 6 numarali halatlarda
olup, halatlardaki toplam yiik degisimleri ise su
sekildedir;
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1 numarali halat: 3.2t
2 numarali halat: 1.4t
3 numarali halat: 2.2t

4 numarali halat: 5.2t
5 numaral1 halat: 27.4t
6 numarali halat: 21.8t
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0.0 [ | | | [} -— I — I
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Sekil 7. “F” Noktasinin Bas Iskele — Ki¢ Sancak diyagonalindeki hareketi ve halatlarda olusan yiik

farklari(t)

Diger bir diyagonal ise geminin kig iskele - bas
sancak (315° - 135°) yoniinde uzanmaktadir. F
babasinin bu diyagonal iizerindeki yine ikiser
metrelik adimlarla yaptigr hareket Tablo 6
lizerinde  verilmisti.  Bu  hareket ise
trigonometrik dordiincii bolgeden ikinci bolgeye

Tablo 6. Ki¢ iskele — Bas Sancak Yonii (315°-

dogrudur. Yani X ekseni pozitif, Y ekseni negatif
deger almaktadir. Bu sebeple Sekil 8 icin yatay
eksen ismi degistirilmis ve Tablo 6’ya Sekil 8’de
kullanilmak iizere “Eksen Ismi” siitunu
eklenmistir.

135° diyagonali) Yer Degisiklikleri ve Baglama

Analizi
Kig iskele — Bas Sancak Yonii H1 H2 H3 H4 HS5 H6
AX AY Eksen ismi Halatlarin Yiikleri (Yiizde LDBF)
10 -10 S1 6.3 354 1.1 13.2 94.0 27.2
8 -8 S2 6.5 35.5 1.7 124 914 28.6
6 -6 S3 6.8 354 2.4 114 88.9 29.7
4 -4 S4 7.1 354 3.2 104 86.7 30.6
2 -2 S5 7.3 35.2 4.0 9.3 84.9 313
0 0 SO 7.4 35.1 4.9 8.3 83.3 31.6
-2 2 S6 7.6 349 5.8 7.2 82.0 31.8
-4 4 S7 7.6 34.7 6.7 6.2 81.1 31.8
-6 6 S8 7.7 345 7.5 53 80.5 31.6
-8 8 S9 7.7 343 8.3 4.5 80.3 313
-10 10 S10 7.7 34.0 9.0 3.8 80.2 31.0
Sekil 8 iizerinde kesikli yesil cizgi ile hareketin  degisim 4 ve 5 numarali halatlarda

X eksenindeki biiyiikliigii ve mavi kesikli ¢izgi
ille Y eksenindeki  biytkligi  takip
edilebilmektedir. Bu diyagonalde en biiyiik

gerceklesmistir. Tablo 6 iizerinde, 5 numarah
halat detayli incelenirse, ¢aligma sinirinin %94.0
degerine ulasildig1 goriilebilmektedir. Incelenen

169



Ziylan and Nas, (2024). Turkish Journal of Maritime and Marine Sciences, 10(3): 159-172

durumlar igerisinde en yiiksek caligma sinir1 bu
diyagonal {izerinde tespit edilmistir. Tim
halatlarda gerceklesen yiik degisimi ise su
sekildedir;

1 numarali halat: 2.4t

2 numarali halat: 2.3t
3 numarali halat: 13.2t
4 numaral1 halat: 15.9t
5 numaral1 halat: 23.2t
6 numaral1 halat: 8.5t

20.0
15.0
10.0
S
0.0 g I. I_ I - ._ni_
-5.0
-10.0
-15.0
S1 S2 S3 S4 S5
— 1] H2 H3
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Sekil 8. “F” Noktasinin Kig Iskele — Bas Sancak diyagonalindeki hareketi ve halatlarda olusan yiik

farklari (t)
4. SONUC

Gemilerde baglama sistemleri ve yeni bir
baglama noktasinin konum tespiti i¢in baglama
analizlerini igeren ¢alismamizda 6rnek bir VLCC
tipi gemi modeli iizerine calisilmistir. Calisma
sonucunda mevcut baglama planinda %83.3
oraninda yilik kapasitesine ulasmis bir halatin,
%94.0 oranina ulasabildigi  goriilmiistiir.
Baglama noktast konumunun diger eksenlerde
hareket ettirilerek bu degerin %73.5 oranina
diisiiriilebildigi gozlenmistir. Ayrica en kritik
yik durumunu gemi kigindan uzak lakin gemi
bordasina yakin olan diyagonal noktasinda
gerceklesmesi ve bu noktanin ne en uzak ne en
yakin nokta olmasi baglama analizinin 6nemini
bir kere daha kanitlar niteliktedir.

330m tam boya sahip bir gemi i¢in =10 metrelik
mesafeler icerisinde yapilan analizin 15181nda
yeni bir baglant1 noktasinin konumunun 6nemi

ortaya ¢ikmaktadir. Burada kiigiik  yer
degisikliklerinin, bu kadar biiyiik bir gemide bile
onemli  degisikliklere =~ yol  agabilecegi
goriilmiistiir.

Ozellikle son yillarda daha biiyiik gemilerin
mevcut limanlarla calisma ihtiyaci, limanlari
yeni  baglama  noktalar1 inga  etmeye

zorlamaktadir. Dogru baglama noktasi konumu
seciminin halatlarin yiik dagilimina etkisi
konusunda caligma sonuglarinin yiiksek 6nem
arz ettigi disliniilmektedir. Halatlar iizerindeki
yiikiin kontrollii bir sekilde dagitimina yonelik
bu tarz ¢alismalar ise siirecin bir ¢iktis1 olarak
gemi baglama operasyonlarina bagli is kazalarin
da azaltacaktir.

5. TARTISMA

Literatiir verileri incelendiginde, baglama plani
olarak simetrik ve ayni eksende yerlestirilen
baglama noktalar1 kullaniminin  yayginligi
goriilmektedir. Bu durum her kosula uygun bir
baglama plani kurulabilmesini
kolaylastirmaktadir. Oysa calisma sonuglar
incelendiginde baglama noktasinin simetrik ya
da eksenel olarak takip edilmeyen bir noktada yer
aldig1 konumda en disiik kritik halat yiikiiniin
tespit edildigi fark edilmektedir. Bu c¢ikt1 ve
calismanin tiim ¢iktilart mevcut baglama plani ve
kurulu cevresel yikler altinda gerceklesmistir.
Her duruma 6zel benzer analizler ve ¢oziimler
tiretmek giic olacaktir. Lakin limanlar gibi
cografi olarak sabit tesislerde hakim riizgar ve
akintilar y1l boyunca daha az degiskenlik
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gostermektedir. Ozellikle bu kosullar igin
duruma 06zel baglama planlarinin ve baglama
ekipmani yerlesiminin yapilmasi olas1 kazalar
onleme konusunda faydali olacaktir. Tesisler
icin erken tespit sistemlerine yapilacak yatirimlar
ile ani degisimler tespit edilebilecektir. Ayrica
baglama halatlarindaki yiikiin siirekli takibi ile
krittk  durumlar olugsmadan Once tespit
edilebilecektir. Boylece baglama sistemlerinde
tespit edilen zorlanmalarin baglama noktalari
degistirilerek giderilebilecegi, geleneksel ve
sabit baglama sistemleri yerine dinamik baglama
sistemleri {izerinde arastirmalar yapilmasinin
faydali olacag diisiiniilmektedir.
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ABSTRACT

Stomach content analysis of fish not only helps document their food spectrum but also provides an
overview of the food network they are involved in. In this study, we aimed to investigate the food
composition of L. guentheri from the Iskenderun Bay, northeastern Mediterranean Sea. Specimens
were collected between January 2022 and August 2022. A total of 215 L. guentheri specimens
stomachs were examined during the study for stomach content analysis. All stomachs were analyzed,
60 (27.9%) were empty and 155 (72.1%) contained food items. Analysis of diet composition showed
that the species is carnivorous and prey on teleosts, crustaceans, bivalves and cephalopods. When the
food composition of the samples is analyzed numerically, teleost was the most important prey (68%),
followed by crustaceans (14%), bivalves (5%), cephalopods (0.5%) and unidentifiable materials
(12.5%). Bony fish species such as Plotosus lineatus, Parupeneus forsskali, Saurida lessepsianus,
Scorpaena sp. and Siganus sp. were identified in the food composition. Therefore, it is thought that
this species has a high feeding tendency towards bony fish species. This study increases the
knowledge about the food composition of L. guentheri on the Mediterranean coast of Tiirkiye.
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OZET

Baliklarda mide igerigi analizi ¢aligmalar: tiirlin besin yelpazelerini belgelemeye yardimci olur ve
aynm1 zamanda dahil olduklar1 besin ag1 ile ilgili genel bilgi saglar. Bu calismada, kuzeydogu
Akdeniz'de Iskenderun Kérfezi’nde yakalanan L. guentherimin beslenme ekolojisi arastirilmustir.
Tiire ait bireyler Ocak 2022 ile Agustos 2022 tarihleri arasinda yakalanmis ve ¢alismada mide igerigi
analizi i¢in toplam 215 L. guentheri 6rneginin midesi incelenmistir. Analiz edilen tiim midelerin 60"
(% 27.9) bos, 155'1 (% 72.1) ise besin grubu i¢cermektedir. Besin kompozisyonunun analizi sonuglari,
tiiriin et¢il oldugunu ve kemikli baliklar, kabuklular, ¢ift kabuklular ve kafadanbacaklilar1 avlagini
gostermektedir. Orneklerinin besin kompozisyonu sayisal olarak incelendiginde, kemikli baliklarn
en 6nemli av oldugu (% 68), bunu kabuklularin (% 14), ¢ift kabuklularin (%5), kafadanbacaklilarin
(% 0.5) ve tanimlanamayan materyallerin (% 12,5) izledigi tespit edilmistir. Besin kompozisyonunda
Plotosus lineatus, Parupeneus forsskali, Saurida lessepsianus, Scorpaena sp. ve Siganus sp. kemikli
balik tiirleri tanimlanmistir. Bu nedenle bu tiiriin kemikli balik tiirlerine kars1 yliksek bir beslenme
egilimine sahip oldugu diisliniilmektedir. Yapilan c¢alisma Tiirkiye'nin Akdeniz kiyilarindaki L.

guentherinin besin kompozisyonu hakkindaki bilgileri arttirmaktadir.

Anahtar sozciikler: Balon baligi, Beslenme kompozisyonu, Mide igerigi, Yabanci tiirler

1. INTRODUCTION

Alien species have a negative impact on the
Mediterranean Sea (Langeneck et al., 2023).
Biodiversity in the Mediterrancan Sea has
changed significantly since the opening of the
Suez Canal in 1869 and the warming of the
waters due to climate change (Turan et al., 2016;
Fitori et al., 2021; Turan and Dogdu, 2022). Over
700 species of fish live in the Mediterranean Sea.
These include at least 80 non-native migrants
from the Red Sea and Indo-Pacific (Gurlek ez al.,
2016; Turan et al., 2022; Mutlu et al., 2023). The
eastern Mediterranean coast of Tiirkiye is one of
the most important stopping points for alien fish
species entering the Mediterranean Sea. To date,
almost 100 alien fish species have been reported
from the coast of Tiirkiye (Turan et al., 2018;
Karatas et al., 2021).

Pufferfish is present in Turkish marine waters
and is composed of seven species across four
genera, namely Lagocephalus lagocephalus, L.

guentheri, L. sceleratus, L. suezensis,
Sphoeroides pachygaster, Torquigener
hypselogeneion, and Tylerius spinosissimus

(Erguden et al, 2017; Dogdu et al., 2021a;
Dogdu and Turan, 2021; Bilecenoglu and Y okes,
2022). The diamondback puffer, L. guentheri
Miranda Ribeiro, 1915 is found from the Indo-
Pacific to the Red Sea and Southwest Atlantic.
This species usually occurs in shallow waters

(Froese and Pauly, 2023). In 2015, the first report
of L. guentheri from the Mediterranean Sea was
reported from Egyptian waters (Farrag et al.,
2016) and then the presence of the species in
Tiirkiye was confirmed with a single record from
Candarli Bay, Izmir in the northern Aegean Sea
(Akyol and Aydin, 2016). After that, L. guentheri
was recorded a second time in Tirkiye from
Iskenderun Bay (Ergiiden et al., 2017).
Pufferfish species have been declared an invasive
alien species by the European Alien Species
Information Network due to their damage to
fisheries and also, they are non-commercial
species (Dogdu et al., 2021a). With its strong jaw
structure and teeth, it causes great economic
damage to small-scale fishermen and is targeted
by fishermen. In addition, since it feeds on
species of economic importance, it causes
serious damage to the stock of native species
(Yalmiz et al., 2017; Dogdu et al, 2021b).
Tetrodotoxin (TTX), a potent neurotoxin, is
known to be extensively present in the body of
the pufferfish species (Kosker et al., 2019).
Knowledge of the food composition of species
provides important information about the
ecosystem and the relationships between species
(Sivadas and Bhaskaran, 2009; Huang and Shao,
2022). This information can be used in the
conservation of ecosystems and also it can be a
key factor in the understanding of the interaction
between species (Begum et al, 2008; Braga et
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al., 2012; Tonella et al., 2018; Renjithkumar et
al., 2020). Food composition analysis of fish not
only helps document their food composition but
also provides an overview of the food network
they are involved in. L. guentheri has no
economic value, it is caught as by-catch and
therefore there is no fishing pressure on it. To
date, only one study on stomach content analysis
of this species has been conducted in the
Mediterranean (Gabel ef al., 2022).

In this study, we investigate the stomach content
of L. guentheri from the Iskenderun Bay,
northeastern Mediterranean Sea. The present
paper is information on the diamondback puffer
L. guentheri food composition on Mediterranean
coast of Tiirkiye.

2. MATERIALS AND METHODS

Specimens were caught in Iskenderun Bay,
between January 2022 and August 2022. All
specimens were caught as bycatch by local
trawlers. All specimens were individually placed
in plastic bags and transported to the Molecular
Ecology and Fisheries Laboratory in Iskenderun
Technical University (Figure 1). A total of 215
specimens stomachs were examined.

Figure 1. Lagocephalus guentheri specimens
caught from Iskenderun Bay.

Body and stomach weights were measured with
an accuracy of £ 0.1 g. The abdomens of the
specimens, whose total length and body weights
measured respectively, were carefully cut with
scissors starting from the anus to the larynx
without damaging the internal organs. Stomachs
were removed from abdominal sectioning in the
laboratory, weighed full and empty, and the food

items in each stomach were identified to the
lowest possible taxon using stereoscopy and light
microscopy. Where identification is not possible
due to further digestion, prey items were
categorized as "unidentifiable". The number of
empty stomachs was recorded. Food composition
was grouped into major taxon categories;
Decapoda, Mollusca, Cephalopoda and Teleost
to facilitate dietary comparisons and eliminate
biases associated with comparisons based on
variable levels of identification (Cortes, 1997).
Hyslop, (1980) and Kelleher et al., (2000) were
used to analyses the data obtained from stomach
content analysis. These indices are;

Frequency of occurrence (Iro)

Ly =——x100 (1)
N
Catch percentage (Ir)
n!
lP = N_ X 100 (2)

P

n is the number of stomachs containing a
particular prey, Ns is the total number of
stomachs analyzed, n' is the total number of
individuals of a particular prey and N, is the total
number of prey individuals. According to Ip
values, prey categories were divided into
preferential (Ir > 50%) and secondary (10% < Ip
< 50%) (Savva et al., 2020; Tannverdi et al.,
2022).

Feeding activity was assessed using the void
index (Ir), which means the percentage of empty
stomachs according to the following equation
(Hureau, 1970):

E
l =2-x10 3)

E is the number of empty stomachs and 7 is the
number of stomachs examined (Hureau, 1970).
The index of stomach fullness (Isr) was
calculated as an average of weights (g) of all prey
items in the stomach divided by the average of
the fish's total length (7Lor)
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3. RESULTS

A total of 215 stomachs were examined during
the study for food composition analysis. The
analyzed index results are given in Table 1.

Table 1. Indexes obtained as a result of stomach
content analysis of L. guentheri.

Index %

Frequency of occurrence 71
(Iro)

Void Index (Iv) 27.9

Catch Percentage of Fish 63.0
(Ir)

Stomach Fullness Index 0.40
(Is)

As a result of stomach content analysis,
frequency of occurrence index was 72.1%, catch
percentage of fish 68%, void index 27.9% and
stomach fullness index 0.40%. Analysis of the
diet composition showed that the species are
carnivorous and prey on teleost, cephalopods,
crustaceans and bivalves. Teleost were identified
as the most important prey (68%), followed by
crustaceans (14%), bivalves (5%), cephalopoda
(0.5%) and digested materials (12.5%) (Table 2).
Plotosus lineatus, Parupeneus forsskali, Saurida
lessepsianus, Scorpaena sp. And Siganus sp.
Species were identified teleost species (Table 2,
Figure 2).

Figure 2. Plotosus lineatus species detected in
Lagocephalus guentheri stomach.

Table 2. General diet composition of
Lagocephalus guentheri (%F= Frequency of
occurrence, %N= Numerical presence; n:
Number of stomachs).

Species F% N% n
Decapoda
Digested shrimps 7.74 7.50 12
Digested crab 9.68 6.50 15
Mollusca
Bivalvia 5.16 5.00 8
Cephalopoda
Sepia spp. 0.65 0.50 1
TELEOST
Scorpaena spp. 5.16 12.50 8
Saurida lessepsianus 10.97  15.00 17
Parupeneus forsskali 14.19  13.50 22
Siganus spp. 5.16 4.00 8
Plotosus lineatus 23.87 17.00 37
Digested fish 5.16 6.00 8
Uniden(ifiable 1226 1250 19
Total 100 100 155
4. DISCUSSIONS

Pufferfish species have significant negative
impacts on human health, biodiversity and
fisheries (Ulman et al, 2021). It is of great
importance to reveal the diet composition of
invasive species such as pufferfish (Aydin,
2011). The present paper provides information
on the diamondback puffer Lagocephalus
guentheri food composition in the Mediterranean
Sea.

, The vast majority of these fish that compose the
- diet composition are alien species. Interestingly,

finding invasive venomous lessepsian species
(Plotosus lineatus, Siganus sp. and Scorpaena
sp.) among stomach content, shows the ability of
L. guentheri to resist venom.

The contribution of other invertebrate groups to
the species diet was comparatively low. Gabel et
al. (2022) found similar results with our study in
the analysis of the nutrient composition of L.
guentheri in their study on the Mediterranean
coast of Israel. When we look at the studies on
other pufferfish; Sabrah et al., (2006) reported for
L. sceleratus diet composition as 70%
cephalopods (squids and cuttlefishes), 25%
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crustaceans (particularly crabs) and 5% fishes
from the Gulf of Suez Egypt. Aydmn (2011)
analyzed diet composition of the L. sceleratus
from the Antalya Bay. According to the results of
the study L. sceleratus species is carnivorous and
the diet composes of 54% shrimps (Penaeidae),
17% crabs (Portunidae), 14% fishes 4% squids
and cuttlefish (Cephalopods) and 11% others.
Denadai et al., (2012) examined the diet
composition of L. laevigatus from Brazil.
According to the study L. laevigatus diet was
composed of 60.49% Cnidaria, 20.24% fishes,
10.42% Amphipodaa and 8.73% crustacea.
Mohamad and Isa, (2013) analysed the diet
composition of the L. [unaris from the two
sampling sites from Malaysia. According to the
result of the study, L. lunaris diet was composed
of prawns (36.3, 38.2%), fish (5.6, 11.2%),
squids (0.7, 2.9%) and bivalves (0.1, 1.7%).
Kumar et al., (2013) analyzed the food items of
the pufferfish species from the south Andaman
Sea. According to the result of the study, L.
guetheri species food items were determined as
41.81% Rock oyster, %21.81 Polychaetes,
%16.36 micro alg, 12.72% Zooplankton, 7.27%
seaweed pieces. Hussain et al., (2020) reported
the feeding habits of L. sceleratus in the Ain El-
Ghazala lagoon and Derna Coast from the eastern
coast of Libya. In their study, they found that the
main diet was composed of molluscs (72.5%)
supplemented by crustaceans (17.4%) and fishes
(10.2%). In Derna Coast samples the main diet
was fish (100%). Ulman et al., (2021) reported
the diet composition of L. sceleretus as 26%
crustaceans, 24% fish and 11% cephalopods. Our
results and other studies showed that the
pufferfish is mainly carnivorous feeding on fish,
crustaceans and cephalopods. Also, cannibalism
has been reported in some species such of L.
sceleratus (Ulman et al., 2021).

5. CONCLUSIONS

In conclusion, the results show that pufferfish
have a diversified diet that allows them to easily
adapt to their new environment. This plays an
important role in the inability to prevent the
spread of the species. Our study is expected to
make a great contribution to future research on
this species and similar species. It is thought that

it will be a source of important information about
the food composition of the pufferfish species
invading the Mediterranean Sea and will provide
important data on the control and management of
pufferfish.
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ABSTRACT

In addition to scientific papers discussing the known destructive characteristics of Vortex-Induced
Vibrations (VIV), the number of studies demonstrating different ways to harness the phenomenon
has increased in recent years. Various research endeavors leveraging the physics of VIV, such as
electricity generation, mechanical energy production, and the development of residential water
meters, highlight the significance of this subject. In alignment with these studies, this paper first
provides a physical explanation of VIV on circular cylinders. Subsequently, it discusses a recently
patented device designed to harness VIV for water pumping, along with presenting a mathematical
model applicable to its calculations. Furthermore, the characteristics of three different rivers from
different geographical regions of Turkey - Kizilirmak, Biiyiik Menderes, and Meri¢ Rivers - are
analyzed at specific coordinates. Preliminary calculations are conducted for three distinct setups of
VIV-driven water pumps tailored for each of these rivers, evaluating their pumping capacity,
maximum pumping heights, and corresponding flow rates. Thus, unveiling the potential contribution
to agricultural irrigation and afforestation efforts.
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OZET

Girdap Kaynakl Titresimler (GKT) konusunun bilinen yikici — tahrip edici 6zelliklerinin tartisildigi
bilimsel yayinlara ek olarak, son yillarda ortaya konan ve fenomenden farkli sekillerde
yararlanilabildigini gosteren ¢alismalarin sayisi artmaktadir. Olayin fiziginden yararlanarak elektrik
tiretimi, mekanik enerji liretimi ve mesken tipi su sayaci gelistirilmesi gibi farkli ¢alismalar konunun
onemini artirmaktadir. Calismada Oncelikle dairesel silindirler etrafinda meydana gelen GKT
olaymin fiziksel izahati yapilmistir. Daha sonra GKT ile tahrik edilerek kendi kendine su
pompalamasi planlanan ve son yillarda patentlenmis bir diizenek fikri tartisilmistir. Bu su pompasinin
hesaplamalarinda kullanilabilecek matematiksel bir model sunulmustur. Ardindan Tiirkiye’nin ii¢
farkl1 cografi bolgesinde yer alan Kizilirmak, Biiyiik Menderes ve Meri¢ Nehirleri i¢in belirli
koordinatlardaki akarsu karakteristikleri ¢ikarilmustir. Ozellikleri belirlenen akarsularin her birinde
kullanilmas1 planlanan GKT tahrikli su pompalari igin ii¢ farkl1 diizenegin &n hesabi yapilmistir. On
hesaplamalar ile temel 6zellikleri belirlenen diizeneklerin bu ii¢ akarsuda pompalayabilecegi su
miktar1 depolanacak yiikseklikler ve karsilik gelen debiler cinsinden ortaya konmustur. Boylece
tarimsal sulama ve ormanlastirma ¢aligmalarina ne kadar katki saglayacagina dair potansiyel ortaya

cikarilmastir.

Anahtar sozciikler: Girdap kaynakl titresimler, su pompasi, tarimsal sulama, ormanlagtirma.

1. GIRIS

Antik Yunanlilardan beri kullanilagelen Aeolian
Arp1, insanligin Girdap Kaynakli Titresimler
(GKT) olaymndan yararlanmay1 basladigr ilk
icatti. Riizgar akisi ile farkli tonlarda miizik
iretmesi i¢in pratikte binlerce y1l kullanilmasina
ragmen, fiziksel izahatin1 ancak 16. yiizyilda
Leonardo da Vinci irdelemistir. Riizgar alan sahil
bolgelerine yerlestirilen ve bu rlizgar akisinin,
akiga dik yonde trettigi girdaplarin kopmasi ile
tellerinin  dogal frekanslarinda titretmesi,
enstriimanin farklt notalarda ses ¢ikarmasina
neden olmaktadir. GKT'nin faydalanilabilir bir
fenomen olarak karsimiza tekrar ¢ikmasi, ¢ok
uzun bir aradan sonra, ancak 2005 yilinda
gelistirilen VIVACE (Vortex Induced Vibration
for Aquatic Clean Energy) adli bir icat sayesinde
olmustur (Bernitsas vd., 2006).

GKT olayr gectigimiz ylizyilda, 8 Kasim 1940
tarihinde ABD’nin Washington eyaletindeki
Tacoma Narrows Bridge isimli asma kopriiniin
yapimindan kisa bir siire sonra riizgar etkisiyle
katastrofik bi¢cimde yikilmas1 ile gilindeme
gelmistir. Theodore von Kdrman’in akiga maruz
kalan kiit cisimler iizerinde Reynolds sayilarina
bagli olusan sinir tabakalara izahat getirmesi
(Dryden vd., 1958), Feng (1968)’in riizgar
akigina dik yondeki dairesel silindir testleri
sonras1 bu koprii yikiminin GKT kaynakli oldugu
sonucuna varilmistir.

Tacoma Narrows Bridge felaketi ve devamindaki
aragtirmalar sonucunda GKT olay1 yikici1 — tahrip
edici Ozellikleri ile anilmaya baglanmistir.
Gliniimiizde, fenomenin bastirilmast ya da
tamamen engellenmesini hedefleyen birgok
calisma halen yayinlanmaktadir (Williamson ve
Govardhan, 2004; Bearman, 2009; Du ve Sun,
2015; Bukka vd., 2020; Lou vd., 2020; Yexuan
vd., 2022; Wang vd., 2022; Luo vd., 2022).
Michigan Universitesi’nde gelistirilerek
Bernitsas ve Raghavan (2005) tarafindan
patentlenen ve yavas akislarda dahi olaydan
yararlanarak efektif bi¢imde elektrik {iretimi
gerceklestirebilen VIVACE’nin (UM News
Service, 2008) tanittmimin ardindan (Bernitsas
vd., 2008) fenomene olan bakis agis1 biiyiik
oranda degismis; GKT {izerine son yillarda
yapilan yaynlarin dikkate deger bir orani, yerini
olayin fiziginden farkli yollarla yararlanmay1
Oneren ¢alismalara birakmistir (Lee ve Bernitsas,
2011; Lakka, 2013; Baredar ve Yadav, 2019;
Kinac1 ve Gokge 2020; Hamdan vd., 2021,
Duranay vd., 2022).

2010 yilinda VIVACE’nin geleneksel dairesel
silindir — yay — kol diizeneginden farkli olarak
Akaydin vd. (2010) tarafindan tasarlanarak
(elastik yaylar yerine) akisa paralel yerlestirilen
ve i¢inde piezoelektrik malzeme bulunduran bir
elastik levha ile sabitlenen dairesel silindirin
GKT’sinden elektrik {iretilmistir. Bir diger
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GKT’den elektrik enerjisi tireten ¢caligmada Dai
vd. (2016), dort farkli GKT diizeneginde
Akaydin  vd. (2010)’a benzer bigimde
piezoelektrik malzeme kullanmistir. GKT’den
elektrik lireten ¢caligmalar diginda, olayin fizigini
kullanarak mesken tipi su kullanim debisini daha
efektif bicimde hesaplamaya yarayan bir su
sayacit, 2013 yilinda Sami Lakka tarafindan icat
edilmistir (Lakka, 2013). 2020 yilinda ise GKT
sayesinde akistan elde edilen enerjiyi iiretegler
ile elektrik enerjisine ¢evirmek yerine dogrudan
su pompalamak i¢in kullanma fikri Kinac1 ve
Gokee (2020) tarafindan  patentlenmistir.

Patentlenen bu icadin prototip ¢alismalar1 ITU
Akiskan Kaynakli Hareketler Laboratuvar: (ITU
FIMLab) sirkiilasyon kanalinda yer alan ve 2022
yilinda yenilenen GKT diizenegi kullanilarak
tarafimizca yiriitilmektedir (Sekil 1).

Sekil 1. ITU Akiskan Kaynakli Hareketler
Laboratuvar1 (ITU FIMLab) sirkiilasyon
kanalinda yer alan sakin su igindeki dairesel
silindiri ile GKT diizenegi

Calismalarda, sirkiilasyon kanalinin test kesiti ve
akis oOzelliklerine bagli olarak ana boyutlar
belirlenen dairesel silindirler kullanilmaktadir.
Hesaplamali  Akigkanlar Dinamigi (HAD)
kullanarak gelistirdigimiz simiilasyonlarin da
katkisi ile lilkemiz akarsularinin karakteristikleri
lizerinden yapilacak bir 6n ¢alisma, ileride
kurulmasi planlanan dairesel silindirlerin GKT
performanst ve pompalayacagi su miktari
potansiyeli arastirmalari, kurmay1 planladigimiz
GKT su pompalarinin énemini ve gerekliligini

ortaya ¢ikaracaktir. Bu amagla hazirlanan
makalemizde:

- Girdap kaynakli titresimler konusunda
Tiirkge kaynak sayisinin oldukga sinirh
olmasi ve artirilmasi gerekliligi,

- Son yillarda gerek fenomenin

miihendislik yapilar1 {izerindeki yikici

etkilerini azaltmaya yoOnelik gerekse
olayin fiziginden faydalanmay1
amagclayan GKT calismalarinin

tilkemizde yeterince bilinmemesi,

- GKT’den enerji Tlretiminin Tiirkiye
akarsu ve nehirleri i¢in miimkiin olup
olmadigimin daha once tartisilmamis

olmasi,

- Tarmmsal sulama ve ormanlastirma
projelerine  farkli  bir  perspektif
kazandirma,

- Farkhi disiplinlerden paydaslarin
dikkatini bu konuya c¢ekme ve de

potansiyel projelerimize katki saglamaya

tesvik etme gibi hususlar

motivasyonumuz olmustur.
Takip eden alt basliklarda sirasiyla GKT olayiin
fiziksel ve matematiksel izahati yapilmis,
Tirkiye akarsu ve nehirlerinden rastgele farkli
cografi  bolgelerden  segilen  Orneklerin
karakteristikleri irdelenmis, bu akarsu ve
nehirlerde GKT’den yararlanarak pompalanacak
suyun On hesaplamalart sunulmustur. Son
kisimda ise sonuglar tartisilmig ve ¢alismanin
cikarimlarina yer verilmistir.

2. MATERYAL VE YONTEM

2.1. GKT’nin Fiziksel izahati

Akisa maruz kalan kiit gévdeli cisimler etrafinda
belirli Reynolds sayilar1 (Re) ve iizerinde
girdaplar kopmaya baglar. Cisim, akisa dik
dogrultuda  simetrik  olmasi  durumunda
stagnasyon noktasindan ikiye ayrilan benzes
sinir tabakalardaki akis hizi, basing gradyani,
tiirbiilanshilik gibi akis karakteristikleri de
(genellikle) simetriktir. Bu durumda (yer ¢ekimi
dogrultusunda) cismin altinda ve {istiinde olusan
girdaplar birbirini takip ederek periyodik sekilde
kopar ve cismin iizerinde harmonik kuvvetler
olusturur. Zdravkovich (2003) ve Simer ve
Fredsee (2006), akis icindeki hareketsiz dairesel
bir silindirin Reynolds sayilarma bagli olarak
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degisen siir tabakalar1 ve iz bolgesindeki girdap

yapilar1 arasindaki iliskiyi ayrmtili olarak
aciklamiglardir.
Tablo 1. Sabit dairesel silindir etrafinda

Reynolds sayisina bagl degisen akis 6zellikleri
(Stimer ve Fredsee, 2006)

Reynolds Sayisi Ozelligi

Laminer Bolge

Re <5 Ayrisma olmayan akis

5<Re <40 Sabit simetrik girdaplar

40<Re <200 Laminer girdap yolu

Kritik—alt1 Bolge

200< Re <300 iz bélgesinde tiirbiilansa gegis
Laminer siir tabaka

300<Re <3x10° Tiirbiilansh iz bolgesi

Kritik Bolge

3x10°< Re <3.5%10° L"am"iner sinir tabakalari, kismen
tiirbiilansli sinir tabaka ayrigmasi

Kritik-iistii Bolge

Kismen tiirbiilansli sinir tabaka,

tamamen tilirbiilansh sinir tabaka

ayrigmasi

3.5x10°< Re <1.5x10°

Ust Gegis Bolgesi

1.5%10< Re <4x10 Sinir tabaka tek tarafta tamamen
’ tiirbiilansl

Trans-kritik Bolge

Re >4x106 Sinir tabaka her iki tarafta da

tamamen tiirbiilansh

Akisla kendi kendini tahrik eden su pompasi,
VIVACE gibi GKT’den yararlanmak istenen
calismalarda, akigkandan cisme daha fazla enerji
transferi i¢in girdap kopmalarinin siirekli
tekrarlayan (repetitive) ve giiclii olmalart istenir.
Bu amagla, kritik alt1 bolgede yer alan TrSL2 ve
TrSL3 (Transition Shear Layer: Geg¢is Kayma
Tabakas1 2 ve 3) akis rejimlerindeki Reynolds
araligt oldukca elveriglidir (Govardhan ve
Williamson, 2000; Ji vd., 2018; Duranay, 2024).
Bu akis rejimleri, ayrica, bir¢cok agik deniz
yapilart ve ekipmaninin dogal olarak maruz
kaldigt  Reynolds sayilarinm1  da icinde
barindirmaktadir (Rahman, 2015).

Sekil 2’de birbirini tekrar eden girdap kopmalar1
icin yeterli seviyedeki Reynolds sayilarindaki
akisa maruz kalmis dairesel bir silindirin, akisa
dik yonde tek serbestlik dereceli titresim
hareketine izin verildigindeki hareket bilesenleri
verilmistir.

Akis Yonu
- = —

Sekil 2. X" yoniinde akima maruz kalan, y

ekseninde hareketine elastik yay ile izin verilen
dairesel silindir iizerinde kopan girdaplar
sonucunda olusan £, kuvvetleri ve dogrultusu

Sekil 2’de wverilen dairesel silindirin GKT
hareketi, zorlanmis titresim hareket denklemi ile
temsil edilebilmektedir:

Moy 3+ o ¥+ ky = F (1) (1)

Burada m hareket eden biitlin parcalarin

(dairesel silindir ve baglant1 kollar1) ve elastik
yaylarin 1/3 oranindaki agirligin toplamdir.
Sistemin toplam soniim katsayist ¢, , yaylarin

toplam sabiti & ve y ekseninde etkiyen zamana
bagl hidrodinamik kuvvetlerin toplamui F, (¢) ile

gosterilmistir.  Girdaplarin  cisim  lizerinden
koparken olusturdugu harmonik kuvvetlerin
frekansi, girdap kopma frekansi ile ayni oldugu
kabul edilmistir. Bu frekans, silindir sisteminin
dogal frekansina esit ya da yakin degerlerde
oldugunda titresim genlikleri muazzam sekilde
artarak  genellikle gozle goriiniir  hale
gelmektedir. Bu durumda senkronizasyon
bolgesi ve kenetlenme (lock-in) gibi GKT’ye
O0zgli  terimlerden  bahsetmek  gereklidir.
Senkronizasyon bolgesi, adindan da anlagilacagi
lizere, girdaplarin ve cisim hareketinin
senkronize bi¢cimde olugmasi, diger bir deyisle
girdap kopmasi ile silindir titresim hareketi
arasindaki faz farkinin (®) minimum oldugu
bolgedir. Burada ii¢ farkli dallanmadan s6z
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edilebilir: baslangi¢ dallanmasi, iist dallanma ve
alt dallanma (Sekil 3). Ust dallanma iginde yer
alan kenetlenme olay1 ise silindir sisteminin
dogal frekansi ile girdap kaynakli acia cikan
kuvvetlerin  olusum frekansinin  ¢akigmasi
durumudur. Kenetlenme olayr literatiirde
genellikle senkronizasyon bolgesi ile ya da iist
dallanma aralig1 terimleri karistirilir.

A%y

Ust
dallanma

Alt dallanma

Baslangic
dallanmasi

U?':

Sekil 3. Su i¢indeki dairesel silindirin GKT
hareketinin boyutsuz hiza (U *) gore degisimi

Akiskanin silindir ile iliski i¢inde oldugu
projeksiyon alanindan (Silindir Cap1 (D) x
Silindir Boyu (L)) hareketli silindire transfer
olacak enerjinin biiytlikliigiiniin, salinim genligi
ve frekansi ile dogru orantili olacagini tahmin
etmek zor degildir. Bu durumda GKT olaymin
yikici etkilerini azaltmak ya da tamamen ortadan
kaldirmak istenen ¢aligmalarda, insas1 yapilacak
miihendislik yapisinin dizayninda, kenetlenme
frekansindan ve hatta miimkiinse senkronizasyon
araligina denk gelecek kosullardan olabildigince
uzak durmak gerekmektedir. Ote yandan, GKT
olayindan yararlanmak isteyen aragtirmalarda
senkronizasyon bolgesi icindeki kenetlenme
kosulunu yakalamak hedeflenmelidir. Buna ek
olarak Modir ve Goudarzi (2019) orneginde
oldugu  gibi  senkronizasyon  bolgesini
genisletmek, fenomenden daha farkli akis
kosullarinda da faydalanmayr miimkiin hale
getirmektedir.

Hareketin  senkronizasyon araligt GKT’nin
boyutlu ve boyutsuz parametrelerine baglidir.
Bunlardan ilki ve en Onemlisi hi¢ siiphesiz

Reynolds sayisidir (Re). Caligmanin sonraki
kisimlarinda fenomenin ve su pompasinin
matematiksel olarak izahat1 birlikte yapilacak ve
bu parametrelerin Tiirkiye akarsu ve nehirlerinde
GKT potansiyeli acisindan degerlendirmesi bu
parametrelere bagli olarak ¢ikarilacaktir. Silindir
sisteminin su i¢indeki dogal frekanst ( f, ),

boyutlu ve boyutsuz (indirgenmis) akis hizlar

(sirasiyla U ve U " ), boyutlu ve boyutsuz
(indirgenmis) titresim frekansi (sirasiyla f,

silindir
ve f), su icindeki séniim katsayisi (&)

hareketli parcalarin toplam agirhg (m ),

osc

silindirin baghi oldugu yaylarin toplam sabiti
(rijitlik katsayis1) (& ), ek su kiitlesi (m, ), yatay

(genislik) ve dikey (derinlik) blokaj oranlar1 ( BO
) ve serbest su yiizeyinden uzakligin silindir

capma oramt (h =h/D) gibi parametreler,
dairesel bir silindirin genel GKT performansinda
ve hareketin, senkronizasyon  bdlgesinin
neresinde olusacagini belirlemede oldukca
onemli yer tutar.

2.2 GKT ve Su Pompasmmin Matematiksel
Izahati

Tek serbestlik dereceli hareketine y ekseninde
izin verilen, ayni eksende girdap kaynakli ve
zamana bagl yon degistirerek etkiyen F,(¢)

kuvvetinin etkisinde, hareketli parcalarin toplam
agirhgr m toplam soniim katsayisi c,, ve

bagli oldugu elastik yaylarin rijitlik katsayis1 &
olan dairesel bir silindire ait hareket, Denklem 1
ile 6nceki kisimda verilmistir.

Girdap kaynakli titresimler iizerine gelistirilen
matematik  modellerinde, viskoz olmayan
kuvvetlerin hareket denkleminin sol tarafinda ek
su kiitlesi (m,) olarak yer alip almamasi

gerektigi hala tartisma konusudur. Bu c¢alisma
kapsaminda siirdiiriilen tartismalara miidahil
olunmamistir. Onun yerine, dairesel silindirlerin
GKT hareketine izahat i¢in gelistirdikleri
matematiksel yontemdeki verim ve gili¢ oran
gibi degerleri deneysel olarak da (belli ampirik
formiillerle diizeltilerek) ortaya koyan MRELab
(The Marine Renewable Energy Laboratory,
Michigan  Universitesi)  ekibinin  gecmis
caligmalarindan  yararlanilmistir.  Calismada,
benzer bir matematiksel yontem GKT su
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pompasina uyarlanarak sonuca gidilmistir.
Boylece HAD ve deneysel calismalarin test ve
hesaplama maliyetlerine girmeden (sadece bazi
katsayilarin elde edilmesi i¢in bu yontemler
kullanilmast gerekmistir), Tiirkiye akarsularinin
Devlet Su isleri (DSI) verilerine gore yillik akis
rejimleri {izerinden enerji {iretimi ve su
pompalama potansiyeli degerlendirilebilecektir.
GKT fenomeninden yararlanarak elektrik
enerjisi lreten Oncii calismalardan VIVACE
isimli doniistiiriiciiniin - hareket denkleminde
Bernitsas vd. (2008) ek su kiitlesini “cismin
hizindaki bir artis sirasinda akiskana verilen
tepkiyi, o artis hizina bolen bir kavram” olarak
aciklar ve denklemde tipki potansiyel teoride
oldugu gibi tanimlar. Boylece Denklem 2 elde
edilmis olur:

moscj} +Ct0ty + ky = Fy,vor +F (2)

¥, pot

Dairesel silindir tarafindan tagirilan suyun kiitlesi
m,, ek su kiitlesi m, ve sakin sudaki ek su

kiitlesi katsayis1 ¢, olmak iizere, m, =c ,m, ve

potansiyel kuvvet ifadesi daha acik olarak

F, .. =-cm#=myj seklinde gosterilerek
Denklem 3’e ulasilmis olacaktir:
(m,. +m)i+c,y+ky=F,, (3)

Denklemin sag tarafindaki girdap kopmalari

kaynakli kuvvetin ifadesi Denklem 4’te
verilmistir:
1 2
o =§cy(t)pDU L 4)

Burada dairesel silindir tarafindan tasirilan suyun
agirhgl m, = (x/4)pD’L almarak denklemin sag

tarafinda ifade edilirse hareket
Denklem 5 halini alacaktir:

denklemi

L 2
(e +m)J+Cp ¥t hy =—e,(mU”  (5)

Salinim  hareketinin  siniizoidal  oldugu
distintiliirse:
y = ymax Sin(zﬂfgirdapt) (6)

Yer degistirmenin (y ) silindir c¢apma (D)
boliinerek boyutsuzlastirilmasi durumda:

=Y = Y SN 0) Q)
Burada f,, . girdap kopma frekansidir. Yer

degistirmenin zamana gore tlirevi ise Denklem
8’de gosterildigi gibi hiz1 verecektir:

j} = ymax 27[fgirdap Cos(zﬂfgirdapt) (8)

Silindire etkiyen kaldirma kuvvet katsayisi C,
olmak iizere ve silindirin salinim hareketi ile
girdap kopmalar1 arasindaki faz farki @ ile
gosterildiginde zamana bagli kaldirma kuvveti
katsayist Denklem 9 ile ifade edilir:

¢, (t)=C, SinQ27 [yt + D) (9)

irdap
Dairesel silindire akisa dik dogrultudaki hiz
kazandiran viskoz kuvvetlerin her bir ¢evrim
stiresince (7, .. ) yaptirdigi isi (w ) Denklem 10

silindir
ile ifade edebiliriz:

Titindir

Wy = | Foy et

(10)

Boylece bir c¢evrimde ortaya cikan giic de
asagidaki gibi ifade edilmis olur:

/4

_ " pompa
pompa

(11)

silindir

Yukaridaki ifadelerde yer alan yer degistirme ()
(Denklem 6) ve su pompasinin dairesel silindirini
tahrik eden kuvvetlerin (F, ) (Denklem 4)

v,vor
salmim hareketi sirasinda degiskenlik gosteren
anhk hizlar ile 7, , boyunca hesaplanarak
ortalamalarinin alinmasi su pompasinin giiciinii
verecektir:

2
Tsitindir 2
_ 1 7Z'D Cy ([)mdU 27rymaxf:girdap (1 2)

pompa
f)dt

silindir 0 Cos(zﬂf;;i)'dup

185



Duranay, (2024). Turkish Journal of Maritime and Marine Sciences, 10(3): 180-193

Senkronizasyon bolgesinde f,... = S =
I,

Denklem 9 ve Denklem 12‘nin uyarlanmasi ile
Denklem 13 elde edilmektedir:

oldugu bilgisine ilaveten Denklem 8,

ilindir

2
V figinair < 1
D Cy $in(27 £t + P) ( 1 3)

Rpompa = f;ilindir
0 2
MU 27 Y o ftinair COSRT [ )l

Integral islemi belirlenen aralikta hesaplandig
ve m, =(z/4)pD’L almdigi zaman GKT ile

tahrik edilen su pompasinin girdap kaynakli
kuvvetler neticesinde ulasacagi gii¢ elektrik
iiretiminde kullanilan VIVACE ninkine
(Bernitsas vd., 2008) benzer olarak Denklem 14
ile ifade edilebilecektir:

1 .
= _”nymaxfsilmdirpDUzL sin(®D)

pompa 2

(14)

Suyun akis yoniinde silindirin ¢ap1 ve boyunun
carpimi ile elde edilen projeksiyon alanina (
A =DL) etkiyen aym  ydndeki

projeksiyon
kuvvetlerin Bernoulli’ye gore olusturacag:
kinetik basingtan ¢ikarilacak giic ifadesi
Denklem 15°da sunulmustur:

_1L pDU’L

})aktsm olusturdugu gii¢ 2

(15)

Boylece GKT ile tahrik edilecek su pompasinin
teorik olarak ulagabilecegi en yiiksek verim
Denklem 16 ile ifade edilebilir:

1 o
—nCy_ f. . oDU"Lsin(®
lu _ Ppampa _ 2 yymdxf.‘wlmdnp ( ) (16)
‘max P 1 ;
~ pDU’L

akisin olusturdugu gii¢

Bu oran, iist dallanma bolgesinde ve TrSL3 akis
rejiminde serbest c¢alisan bir GKT diizenegi
lizerinde yapilan deneysel hesaplamalarda
VIVACE i¢in g, = 0.37 olarak bulunmustur.

Bernitsas vd. (2008)’in caligmasinda elektrik
tiretimi i¢in GKT sistemlerinde yer alan ve GKT
diizeneginin kendi mekanik soniimiinden (
Cmekani ) Darig, - dreteg (L. ) Ve

dontistiirictlerden (&)  Kaynaklanan

soniim katsayilari, hareket denkleminin sol
tarafinda yer alan c,, ifadesindeki yerini almistir

( é’toplam = gmekanik + é,ddnﬁstﬁrﬁct}ler + é,ziretec ) Blr baSka
deyisle, elektrik iiretilirken elde edilen deneysel
verilerde ayn1 akis kosullarindaki verim 44,

=0.22 olarak bulunmustur.

Bu calismada ise VIVACE’den farkli olarak,
elektrik iiretimi yerine GKT ile kendi kendini
tahrik eden bir su pompasina ait 6n hesaplamalar
yapilacaktir. Soniim etkisi olusturacak bilesenler
ayn1 matematiksel model ile tanimlanabilse dahi
su pompasinin ve elektrik {iretecinin ayni
verimde c¢alismasi elbette beklenemez. Ancak
ayni matematiksel model iizerinden hesaplanan
teorik ve de deneysel sonucglarda ortaya c¢ikan
verim oranlar1 kullanilarak su pompasiin ne
kadar su pompalayacagi hakkinda 6ngdrii sahibi
olabiliriz. Kisaca, sonraki boliimlerde DSI
verilerine gore karakteristik 6zelligi incelenen
akarsu ve nehirlerimizdeki GKT tahrikli su

pompalama  verimi g, = 022 olarak

alinmistir.

Asagida bir su pompasinin giicii (P, ), debi (
0), yiiksekligi (H), pompalanan
akiskanin yogunlugu () ve yer c¢ekimi (g)
cinsinden ifade edilmistir. Hesaplamalarda, GKT
diizeneginin i¢inde bulundugu akiskan ile

pompalanan akigskanin ayni oldugu ve dolayisi ile
p degerlerinin degismedigi unutulmamalidir.

basma

OxHxpxg

ompa =————————(Watt) (17)

BASMA
YUKSEKLIGI Pompa Egris] Calisma Nolktasi
(H) l
Ha fssessiasinmmmisusiinissnaassssusincosnsiinmmniis )

Sistem Egrisi

Q DEBI (Q)

Sekil 4. Debi ve basma yiiksekligine gore genel
performanst degisen bir pompanin ¢alisma
noktasi
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Calismada GKT pompasinin genel performansi
bulunacak olup basma yiiksekligi H (m) ve debi
degerleri Q (m*/s) ¢arpimi seklinde Qx H (m%/s)
olarak ifade edilecektir. Basma yliksekliginden
kaynaklanacak siirtiinme kayiplar1 (kayiplar
verimin i¢inde kabul edilerek) ve optimum
calisma noktas1 tespiti sonraki ¢alismalarin
konusu olacaktir.

3. BULGULAR

3.1 Tiirkiye Akarsularindan Ornekler

Calismada Tirkiye’nin  iic farkli cografi
bolgesinden  rastgele segilen  akarsularin
karakteristikleri DSI’nin 2014-2015 yillarina ait
akim gozlem yilligindaki verilerinden alinmistir
(DSI, 2018). Burada amaglanan, farkli debilerde

sartlara gore degisen debilerde GKT diizeneginin
efektif bicimde su pompalamaya devam etmesi
ongoriilmektedir.

Secilen akarsularin, 2014 Ekim ayindan 2015
Eyliil ayina kadar olan debileri m*/s cinsinden
Tablo 3’te verilmistir. GKT tahrikli su pompasi
potansiyeli hesaplamalarinda 12 aylik ortalama
debi degerleri alinacaktir. Bu debilerde istenen
akis hizlarina gore GKT silindiri 6zellikleri ve
akarsu en kesit alanlar1 belirlenecektir. Bu
sayede bir kesitte kag adet GKT diizeneginin ayn1
anda calisarak su pompalayabilecegi hesap
edilecektir.

Tablo 2. Secilen akarsular ve hesaplama
konumlari

Akarsu Tam adi Konumu
ve karakteristiklerdeki akarsu ve nehirlerde GKT Kizilirmak Havzast E1SA001  38°53'25.0"K
kullanilarak su pompalayan bir diizenegin Kizilirmak Kizilirmak (Yamula, 35°15'31.0"D
kurulmas1 halinde boélgesel tarim ya da Kocasinan)
ormanlastlrmaya_ ne kadar katki saglanacaginin Biiyiik Biiyiik Menderes Havzas1 37°47'00.0"K
aragtirlmasidir. I1k olarak iginde Kizilirmak gibi  pjepderes ~ £07A000 Biiytik Menderes 20055 oy
yiiksek debili nehirleri barindirmasina ragmen (Aydin Koprisii)
genel olarak bozkir bitki 6rtiisiine sahip I¢  pperic Merig-Ergene Havzasi 41°38'50"K

D01A003 Meri¢ (Kirigshane)  26°34'20"D

Anadolu Bolgesi’'nde yer alan Kayseri’nin
Kocasinan Ilgesi, Yamula bolgesi irdelenmistir.
Ardindan tarimda Onemli yer tutan Ege
Bolgesi’'nin Aydin ilinde yer alan Biiyiik
Menderes Havzasi’nda DSI tarafindan &lgiim
degerleri paylasilan bir noktada ve son olarak
Trakya Bolgesi’nde Meri¢-Ergene Havzasi icin
hesaplamalar yapilmstir.

Her bir akarsu 6rneginde kullanilmak iizere ii¢
farkli GKT silindir geometrisi ve diizenek
ozellikleri paylasilmistir. Boylece mevsimsel

Tablo 3’te goriildiigii iizere bahar aylarinda
yagislarla birlikte ortalama debilerin artmasi
beklenen bir sonucgtur. Bu sonug, yillik ortalama
debiyi de artirmaktadir. Tarimda sulama ve
ormanlagtirma  gibi ¢evre miihendisligini
ilgilendiren konularinin incelenmesi ve belki de
her bir yeni kosula uygun olarak GKT su
pompast diizeneginin adaptasyonunun
saglanmas1 gerektigi unutulmamalidir.

Tablo 3. Secilen akarsularin aylik ortalama debileri (Q)

Akarsu Debi Q (m3/s) — 01 Ekim 2014 'den 30 Eyliil 2015 a kadar aylik ortalama
Ekim Kasim Aralik Ocak Subat Mart Nisan Mayis Haziran Tem Agu Eyliil
Kizihrmak  37.2 344 32.0 394 332 32.1 329 375 39.1 40.6 46.5 43.2
B.Menderes 18.1 23.4 354 1140 143.0 126.0 131.0 427 40.3 23.1 37.6 423
Merig 425.0 568.0 1015.0 497.0 900.0 1081.0 734.0 290.0 207.0 1920 146.0 172.0
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Tablo 4. 12 aylik ortalama debi (Q), kesit alani
(A) ve hizlar (U)

12 Aylik
AKarsu Orta}lama Hizlara Karsilik Gelen
Debi (Q) Kesit Alani ( 4 ) (m?)
(m’/s)

Hizlar

U (ws) 070 083 091
Kizilirmak 37.34 53.35 44 .88 41.03
B.Menderes 64.74 92.49 77.81 71.14

Merig 518.92 74131 623.70 570.24

3.2 Akarsularin GKT tahrikli Su Pompasi
Potansiyelinin Hesaplanmasi

Bu bolimde, onceki kisimlarda fiziksel ve
matematiksel izahat1 yapilan ve GKT ile tahrik
olan s6z konusu su pompasinin, bir dnceki alt
baslikta verilen Tiirkiye akarsular1 oOrnekleri
tizerinden verilen yillik akis debilerine gore
performansi irdelenecektir.

Hesaplamalarda DSI’nin akim gozlem yillig
(DSI, 2018)’den vyararlanilmis olup ilgili
koordinatlarda akarsu genisligi, derinligi, anlik
ve ortalama akis hizlar1 verilerine
ulasilamamistir. Bu nedenle Oncelikle GKT
Ozellikleri onceki c¢alismalarimizda sunulan
(Duranay ve Kinaci, 2020; Duranay vd., 2021;
Duranay vd., 2022) dairesel silindirlerin

indirgenmis hizlann U =6 oldugu ve siddetli
girdaplar esliginde senkronize GKT hareketinin
gozlemlendigi kosullara karsilik gelen boyutlu
akis hizlar1 (U) bulunmustur. Bu akis hizlar
iizerinden kesit alanlar1 elde edilmis ve bu kesit
alanlarina yerlestirilebilecek dairesel silindir
adetleri hesaplanmistir. Dairesel silindirlerin
konumlandirildigr  derinligin h=7D olmasi
durumunda (silindirin altindan ve {istiinden 3 D
kadar bosluk birakilmasi amaciyla) bir baska
silindirin GKT hareketinden, serbest su yiizeyi
etkisinden ve akarsu yatagindan etkilenmedigi,
daha Onceki ¢alismalarimizda (Kinaci vd., 2022;
Duranay vd., 2023) konu edilmistir. Bu
caligmalara sadik kalarak, akarsuyun gectigi
kesit alan1 ( 4), dairesel silindirlerin serbest su
ylizeyinden, tabandan ve bir diger silindirden
(sayet birden fazla sira varsa) yeterince uzakta (3
D) kalacak sekilde hesaplanmaistir.

VIVACE o6rneginde, kullanilan silindirlere ait
caplar Dbiyiidilkce kritik ve kritik  sti

rejimlerdeki (sirastyla Re>3x10° ve Re
>3.5x10°)  hesaplamalar  deneysel olarak
yiiriitilmiistir. ~ ITU  Akiskan  Kaynakl
Hareketler =~ Laboratuvar1  (ITU  FIMLab)
sirkiilasyon kanalinin test kesiti (0.64mx1.5m)
ve ulastig1 hizlar (2m/s) gbz Oniine alindiginda
(Duranay, 2024) bu rejimlerde prototip
denemesinin zorluklar1 karsimiza ¢ikacagindan,
calismadaki Reynolds sayilarinin  kritik alti
rejimi agmamast saglanarak silindir ¢ap1
degerleri belirli seviyenin altinda birakilmistir.
Baska bir deyisle, halihazirdaki matematiksel
izahatinda dahi bir¢cok dogrusal olmayan terimler
barindiran dairesel silindirlerin GKT olayinin,
daha kaotik ortamlarda, yani kritik ve kritik {istii
rejimlerde sergileyecegi davranislarin getirecegi
hesaplama kiilfeti bu ¢alismanin konusu disinda
birakilmigtir. Bu durum, yiiksek debili Merig
Nehri (ve kismen Biiylikk Menderes Nehri)
kosulunda elde edilecek potansiyel hesabinin

aslinda daha da artirilabilecegi anlamina
gelmektedir. Unutulmamahidir ki GKT’den
enerji  elde edilmesi, Olceklenebilir  bir

fenomendir ve ¢ok daha biiyiik 6lgekli dairesel
silindirler ~ kullanilarak da  enerji  elde
edilebilmektedir (Bernitsas vd., 2008). Ornegin,
Istanbul Bogazi gibi olagan akisin 2m/s (3—
4knot) hizlarda oldugu yiiksek debili kanallarda
GKT kullanilarak efektif olarak elektrik iiretimi
miimkiindiir. Bu konuda VIVACE’nin fikir
sahibi M.M. Bernitsas “l knotun yaris1 kadar
hizlarda Detroit nehrinden elektrik enerjisi
tretebilmekteyiz” demektedir (UM  News
Service, 2008).

Tablo 5’te ti¢ farkl silindir icin U "=6 civarma
denk gelen iist dallanma bolgesindeki farkli akis
hizlarinda ve 0On hesaplamalarda kenetlenme
noktasina yakin olarak ayarlanan silindir
kosullart1  i¢in  ¢esitli  teknik  Ozellikler
paylasilmistir. Paylasilan bu teknik o6zelliklere
karsilik gelen bazi katsay1 ve degerler deneysel
ve sayisal yontemler kullanilarak bulunmustur.
Kullanilan deneysel diizenegin ve HAD destekli
simiilasyonlarin igerigi bu ¢alismanin i¢ine dahil
edilemeyecek kadar uzun oldugu i¢in burada
paylasilmamistir. Benzer dairesel silindirlerin
ayni akis rejimi igindeki GKT performanslarin
deneysel ve sayisal olarak inceledigimiz
bulgulara sirasiyla Duranay vd. (2022) ve
Duranay (2024)’den erisilebilir.
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Tablo 5. Ug farkli GKT su pompas: diizenegi
i¢in teknik ozellikler

Birim Silindir 1  Silindir 2
L m 1 4 10
D m 0.12 0.20 0.30
m,,, kg 16.80 305.00  2250.00
m - 1.49 2.43 3.19
k N/m 1036 8000 30000
fow /s 0.967 0.686 0.507
U” - 6 6.06 5.98
U m/s 0.7 0.83 0.91
c, - 2.13 1.98 1.91
Yimax m 1.14 1.17 1.16
sin(®) - 01131 01131 01131
Jsitindir /s 1.13 0.78 0.56
oo - 0.22 0.22 0.22

Tablo 5’te yer alan GKT tahrikli su pompasinin
teknik Ozelliklerinde yer alan kosullara karsilik
gelen sonuglar Denklem 14’te yerine konarak
pompanin hidrolik giicii elde edilmistir. Elde
edilen pompa giicii Denklem 17°de yerine
konarak ise basma yiiksekligi (H) x debi (Q)

degerleri elde edilmis ve ti¢ farkli silindirin su

pompalama potansiyeli farkli basma
yiiksekliklerine gore Tablo 6’da topluca
verilmistir.

Tablo 6’da Tiirkiye akarsularinin debileri ve bu
debilere karsilik gelen kesit alan1 ve hizlar
tizerinden GKT’ye bagli su pompalama
performanslar1 her kosulda tek bir silindir igin
hesaplanmistir. Oysa verilen hizlara denk gelen
kesit alanlarina sigdirilabilecek silindir sayisi
(her bir silindirin ¢alisma kesiti en az 7D x L
olmak iizere) ¢ok daha fazladir. istenen akarsu
hizlar1 i¢in her bir akarsu debisine karsilik gelen
kesit alanlar1 Tablo 4’te, teknik 6zellikleri Tablo
5’te verilen dairesel silindirlerin test kesitine
yerlestirilebilecek adetleri Tablo 7’te topluca

verilmigtir.

Tablo 6. GKT tahrikli su pompasinin basma

Silindir 3 yiiksekligine ( H ) gore degisen debisi (Q)

Basma

NSilindir Yiikseklii Debi (©) Debi (©Q)
umarasi (H) (m) (It/s) (It/saat)
1 0.643 2313.140
2 1 3.966 14277.542
12.276 44192.140
| 0.064 231.314
) 10 0.397 1427.754
3 1.228 4419.214
1 0.013 46.263
) 50 0.079 285.551
3 0.246 883.843
| 0.006 23.131
) 100 0.040 142.775
3 0.123 441.921

Tablo 7. Akarsularin secili koordinatlarinda
GKT pompast kurulum kapasitesi (adedi)

Silindir  Hiz(U) S Gilindir
Akarsu Alani
Numarast  (m/s) (m?) (Adet)
1 0.700 53.35 32
Kizilirmak 2 0.832 44 .88 8
3 0.910 41.03 2
1 0.700 92.49 55
B.Menderes 2 0.832 77.81 14
3 0.910 71.14 3
1 0.700 741.31 440
Merig 2 0.832 623.70 111
3 0.910 570.24 27

Tablo 7’deki akarsular i¢in verilen akis hizlari ve
kesit alanlarma gore degisen kullanilabilecek
dairesel silindir adedi ile Tablo 6’daki su
pompalama performans degerleri ¢arpilarsa
calismada hedeflenen nihai sonuglar (her bir
akarsu koordinatindaki GKT tahrikli su
pompalama potansiyelleri) elde edilmis olur
(Tablo 8).
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Tablo 8. Akarsularin belirlenen koordinatlarindaki GKT tahrikli toplam su pompalama debisi (Q)

Silindir H =1m igin H =10m igin H =50m igin H =100m igin
Numarasi Akarsu O (m*/saat) O (m*/saat) O (m*/saat) O (m*/saat)
Kizilirmak 74.02 7.40 1.48 0.74
1 B.Menderes 127.22 12.72 2.54 1.27
Merig 1017.78 101.78 20.36 10.18
Kizilirmak 114.22 11.42 2.28 1.14
2 B.Menderes 199.89 19.99 4.00 2.00
Merig 1584.81 158.48 31.70 15.85
Kizilirmak 88.38 8.84 1.77 0.88
3 B.Menderes 132.58 13.26 2.65 1.33
Merig 1193.19 119.32 23.86 11.93

4. TARTISMA

Boliim 3’te verilen hesaplamalarda ti¢ farkli
cografi bolgemizde yer alan akarsularin belirli
koordinatlardaki yillik ortalama debi degerleri
DSi’den alinmustir. Ug farkli GKT diizeneginin
senkronizasyon bolgesinde kenetlenme
kosullarina yakin ¢alisabilmesi i¢in indirgenmis

akis hizlant U "=6 olacak sekilde ayarlanmistir.
Her bir akarsuyun, bu akis hizlarina denk gelecek
sekilde en kesit alanlari belirlenmistir. Bu
kosullarda once ii¢ farkli GKT diizeneginin
yalniz bagina performansi hesaplanmis ve
ardindan en kesit alanina yerlestirilebilecek
silindir adedi ile g¢arpilarak toplam potansiyeli
elde edilmistir.

Bu hesaplamalara gore 1 numarali en kiigiik GKT
silindirinin tahrik ettigi su pompasi tek basina
kullanildiginda 100 metre yukarida
konumlandirilan bir depoya saatte 23 litre su
pompalayabilmektedir. Akarsu akis hizinin
0.7m/s olarak alindig1 bu hesaplamaya gore ayni
kesitte en az debili akarsu 6rnegimiz Kizilirmak
icin 32 adet GKT silindiri kullanilabildigi g6z
oniline alinacak olursa bu deger saatte 7401t’ye
kadar c¢ikmaktadir. Farkli debilere gore test
kesitinin uyarlanmasi ile elde edilecek 0.832m/s
ve 0.91m/s akis hizlarinda, 2 ve 3 numaral
silindirlerden ~ birer adet  kullanildiginda
Kizilirmak  6rnegi  i¢in  100m  basma
yiiksekliginde sirastyla saatte 1431t ve 442It su
pompalanmast miimkiindiir. Akarsu kesitine
sigdirilabilecek  silindir  sayilar1  hesaba
katildiginda 2 ve 3 numarali GKT
diizeneklerinde ayni basma yiiksekligi i¢in saatte
11441t ve 8841t debi ile su pompalanabilecektir.
Giris bolimiinde belirtildigi tizere, GKT tahrikli

su pompasinin bu denli yavas akiglarda dahi
belirtilen yiiksekliklerde depolamay1 basardigi su
miktarinin ziraat, orman ve ¢evre miihendisleri,
biyologlar ve bitki bilimcileri agisindan ele
alindig1 zaman Onemi daha iyi anlasilacaktir.
Makalede yalnizca Tiirkiye akarsularinin GKT
tahrikli su pompalama potansiyeli irdelenmistir.

Calismanin  bir amaci da potansiyel dis
paydaslarimizin ilgisini bu konuya
¢ekebilmektir.

Makalede optimizasyon araliklar1 gézetilmemis,
TrSL3 akis rejimi i¢indeki Reynolds araliginda
secilebilecek en yiiksek silindir caplari
kullanilmigtir. 2 numarali silindir ¢gap1 3 numarali
silindir capindan kiiciik olmasina ragmen daha
efektif bicimde su pompaliyor olmasi
(kullanilabilir =~ silindir adedinin daha fazla
olmasindan o6tiirli) dikkate deger bir sonugtur.
Biiyiik Menderes Havzasi’nda {i¢ farkl silindir
ile yapilan hesaplamalarda 1, 2 ve 3 numarali
GKT diizenekleri i¢in 100 m yiikseklikteki bir
depoya saatte sirasiyla 12701t, 20001t ve 1333It
su pompalanabilmektedir.

Aynm1  GKT  diizenekleri  test  kesitine
yerlestirilebilecek adetler ile hesaplandiginda
Meri¢ Nehri konumu igin 100m yiikseklige
sirastyla  10,1801t, 15,850t ve 11,9301t su
pompalayabilmektedir.

Basma ytiksekliklerinin 1m, 10m, 50m ve 100m
olmasi durumunda pompalanabilecek su debileri
de topluca Tablo 8’de paylasilmistir. 1m/s akis
hizinin neredeyse yarist hizlarda yalniz basina
kullanilan basit bir dairesel silindir — yay —
pompa diizeneginin GKT fizigini kullanarak
10m yukarida konumlandirilan 2 tonluk bir su
deposunu doldurabiliyor olmasi aragtirmanin
belki de en 6nemli bulgusudur.
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5. SONUCLAR

Collesme ve iklim krizi ile miicadelenin olduk¢a
onemli arastirma konularindan biri oldugu
glinimiiz diinyasinda, akarsularindan yeterince
yararlanamayan lilkemizde, yavas akis hizlarinda
tarimsal sulama ve ormanlastirma ¢alismalarina
onemli katki saglayacagini diisiindiigiimiiz bu
arastirma makalesinde GKT tahrikli su
pompasinin potansiyeli tartigilmistir.

Literatiirde heniiz yer almayan bu icadin tanitimi
ilk kez kaleme alinirken Tiirk¢e tercih edilmistir.
Bu vesile ile Tiirkiye akarsu ve nehirlerinin agik
kaynaklardan elde edilen karakteristikleri
iizerine On hesaplamalar yapilmistir. Tirkiye
Cumhuriyeti Tarim ve Orman Bakanligi, Devlet
Su Isleri Genel Miidiirliigii gibi kurumlarimizin
tarafimiz ile gerekli bilgileri paylagsmasi
durumunda farkli havzalarda c¢esitli mevsimsel
ve ¢evresel sartlarda optimum diizeyde ¢alisacak
GKT tahrikli su pompasi iiretilmesi miimkiin
hale gelebilecektir.

Hesaplamalarda, GKT fiziginden yararlanarak
elektrik tireten ve deneysel verileri literatiir ile
daha oOnce paylasilan VIVACE isimli bir
diizenegin matematik modelinden
yararlanilmistir. Calismada, zeminden yeterince
yukarida  kurulacak  bir su  deposunda
biriktirilerek potansiyel kazandirilan suyun,
sonraki  agamada  tarimsal sulama ve
ormanlastirma maksadiyla enerji harcamadan
kolaylikla kullanilabilir hale getirilmesinden
bahsedilmistir. Depolanacak  suyun farklh
debilerde GKT diizeneginin performansina olan
etkileri irdelenmis ve nihayetinde daha yiiksek
debili akarsularin bu sistemi kullandiginda
tarima daha elverisli oldugu tespit edilmistir. Ote
yandan sadece 0.7m/s akis hizinda, Im kadar
ufak ve tasmabilir bir dairesel silindirin tek
basina kullanilarak dahi 10m ytiksekteki bir
depoya saatte 2311t su pompalayabiliyor olmasi,
GKT tahrikli su pompasinin ziraat, orman, iklim
ve ¢evre miihendislerinin takdirini kazanacagi
kuvvetle tahmin edilmektedir.

Tam olarak bu kisimda arastirmanin ziraat ve
cevre miihendisligi konularindaki eksiklikleri
goze carpmaktadir. Zira elde edilen degerlerin
ekonomik, sosyal ve cevresel katkilarinin
tartisildig ayr bir ¢alisma ile GKT tahrikli su
pompasinin  dnemi daha belirgin sekilde

aciklanacaktir. Sonraki ¢aligmalarimizda bu
konunun  iizerinde  durularak  potansiyel
paydaslarimiz ile tiretilecek projelerimiz ile tilke
tarimina ve ormanlastirilmasi hususlarina katki
saglamay1 planlamaktay1z.
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ITU Gemi Insaat1 ve Deniz Bilimleri Fakiiltesi
yonetimine ve ITU FIMLab c¢alisanlarina
verdikleri destekten o6tiirti tesekkiir ederim.

ESER SAHIPLiGi KATKI BEYANI

Aytekin  DURANAY: Kavramsallastirma,
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Kaynaklar, Yazim- Orijinal Taslak, Yazim-
Go6zden Gegirme ve diizenleme, Veri iyilestirme,
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