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Modeling transport, accumulation, and deposition areas of sediments are essential for assessing risks to coastal areas and the 
environment. In this study, the advection-dispersion and accumulation areas of cohesive sediments entering the Black Sea from 
Degirmendere Basin, the largest river basin on the Southeastern Black Sea coast, were modeled using the POMSED module, which 
is a submodule of The Princeton Ocean Model (POM). The fate of cohesive sediments in the marine environment has been 
predicted by different parameters, such as the change in the amount of cohesive sediment entering the Southeastern Black Sea, the 
dominant surface circulation, the effect of the wind pattern, and the anticyclonic cycle. In the high-flow seasons, the sediment drift 
velocity is also high. For large sediment drift velocity, cohesive sediments accumulate heavily in coastal areas east of the study area. 
It has been determined that high sediment drift velocity is the most influential parameter in determining the accumulation areas of 
cohesive sediments. In the low-flow seasons, the sediment drift velocity is also small. For small sediment drift velocity, cohesive 
sediments accumulate at the river's mouth under the influence of the predominant wind. This study will constitute the basis for 
coastal interventions to be carried out in the Southeastern Black Sea, port cleaning study plans, and risk assessment studies for areas 
where fishermen's shelters are located. 
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Introduction 
Movement and transport of sediment occur in 

different properties for each hydraulic condition. The 
transport of sediments is constantly changing from the 
beginning of the river to the end1. It is challenging to 
model the movement and transport of sediment in 
rivers, but also it is even more challenging to model 
its behavior in the marine environment after reaching 
the sea. River discharges are the primary and most 
important determinant of many hydrological and 
morphological features of estuaries, deltas, semi-
closed coastal water bodies, and open coastal 
regions2,3. In the Southeastern Black Sea region, the 
parts of the sediments reaching the sea accumulate in 
the coastal areas with the effect of the dominant 
surface circulation and wind pattern, while some of 
them remain in resuspension in the marine 
environment. The gyre is the predominant surface 
circulation – a well-organized, roughly circular flow. 
In the Southeastern Black Sea region, soil erosion 
occurs intensively because of the rugged terrain and 
continuous rainfall4. As a result of intense soil 
erosion, cohesive and non-cohesive sediments and 
other pollution loads in the marine environment 

increase5. Many factors affect sediment transport 
physically. One is that sediment transport is closely 
related to river basin erosion. The Southeastern Black 
Sea region is a region with high pollution caused by 
erosion and therefore has coastal areas that are 
severely degraded6. However, interventions associated 
with anthropogenic natural dynamics have 
increasingly affected modern coastline systems in the 
Southeastern Black Sea region. As a result, coastal 
erosion, and withdrawal lead to a severe increase in 
coastal sediments. 

Breakwaters, jetties, and support walls deployed to 
prevent coastal erosion disrupt sediment transport and 
cause severe bottom erosion in the coastal area2. 
Similarly, hydroelectric power plant projects and 
dams built on rivers have significantly impacted the 
amount of sediment flowing from rivers to the sea7. It 
has been determined that the effects of large dams 
built on rivers are generally across the basin. Rivers 
of the Black Sea, Turkey, are under heavy 
anthropogenic pressure. Along with these, dozens of 
large and small dams and reservoirs have been built2. 
Degirmendere Basin, a sub-basin of the Eastern Black 
Sea Basin, is located within the Trabzon province's 
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borders. It meets the water requirement of Trabzon 
province with the dam built on Degirmendere.  
It is also a river with hydroelectric power plants of 
various sizes constructed across the river region. 
Degirmendere Basin has fundamental problems such 
as floods, landslides, erosion, and intense pollution5,8. 

Before the Black Sea coastal road construction, the 
Degirmendere River was discharging into the Black 
Sea, approximately 900 meters from the entrance of 
Trabzon port. However, after completion of the Black 
Sea coastal road construction, the Degirmendere 
River has started to discharge into the sea, 150 meters 
closer to the port than the old point. The choice of the 
Degirmendere Basin for this study is an area where 
erosion is very high, and the Trabzon port on the west 
side of the river's entrance to the sea and fishing 
shelters on the east side. In the Southeastern Black 
Sea borders, the dominant wave surface circulation 
direction is northwest-north, and the general coastline 
slope is east-west. Also, the direction of net sediment 
transport is from west to east4,9. For this reason, the 
effects of the cohesive sediments carried by the 
Degirmendere River to the port entrance and 
fishermen's shelters in the area where the river 
discharges into the sea are modeled. 

In this study, the fates, that is, advection-
dispersion, accumulation, and deposition areas of 
cohesive sediments in the marine environment 
entering the Southeastern Black Sea from 
Degirmendere Basin, has been modeled and analyzed 
using the POM package program. Since the basin is a 
region with abundant rainfall, the soil structure is also 
suitable for sediment transportation. Therefore, the 
geomorphological structure and soil structure of the 
Degirmendere Basin causes intense sediment 
transport to the Southeastern Black Sea. In low-flow 
seasons, cohesive sediments are generally transported 
to the southeast Black Sea by the Degirmendere Basin 
in large quantities. Cohesive sediments have been 
focused on in this study, as the Trabzon Port located 
on the west-side of the river entrance and the 
fishermen's shelters on the eastside are affected by the 
cohesive sediments carried by the Degirmendere 
River. By changing the discharge entrance angle of 
the river-mouth of Degirmendere River into the 
Southeastern Black Sea, the behavior of cohesive 
sediments in the marine environment, accumulation, 
and deposition areas have been examined. Since the 
seasonal cohesive sediment data entering the sea from 
the Degirmendere Basin are not up to date, the data 

applied in this model is based on the data of previous 
empirical studies. In the model, the amount of 
cohesive sediment entering the sea for each season, 
accumulation, and deposition area has been examined 
separately under the prevailing surface circulation 
according to different wind directions and intensities. 
The resuspension and deposition concentration of 
cohesive sediments at the entrance of Trabzon port 
has been modeled and analyzed under different 
parameters. The effects of a fishing port built in the 
eastern part of Trabzon port on the advection-
dispersion, accumulation, and deposition areas of the 
cohesive sediments entering the sea from 
Degirmendere have been examined. This study can be 
a baseline for future field studies, risk assessments, 
and potential removal activities. 

Due to the characteristic natural structure of 
Degirmendere Basin, flood and landslide potential is 
high8. So, it is very likely that significant disasters 
will occur if the human factor affects this basin. 
Therefore, this region's Hydroelectric Power Plant 
(HEPP) activities should be carried out carefully. 
Besides, the sediment carried by the floods in the 
Degirmendere Basin may affect the dam's filling 
before completing its life, and problems may occur 
with drinking water. Moreover, it will negatively 
affect the port area and the turbine wear given to 
hydroelectric power plants. Hence, it is necessary to 
investigate how sediments can affect life separately8. 
In a similar article, natural and anthropogenic heavy 
metal (Cu, Pb, Zn, Ni, and Co) pollution in coastal 
sediments near Trabzon province was examined 
spatially and temporally. Metals measured in 
sediments in Degirmendere, Yanbolu, and Solakli 
were compared with reference values suitable for 
sediment quality guidelines10. In another paper, the 
Black Sea coastal region was reported to be 
threatened by severe coastal erosion due to human 
damage. For example, it has been said that the 
sediments accumulated in dams built by humans are 
influential in determining the characteristics of rivers 
and the shape of the coastal zone after a while2. 
Hence, estimating sediment load in that coastal area is 
fundamental in planning, operating, and maintaining 
water structures in rivers. Therefore, Ozger & 
Kabatas1 had tried to solve the sediment load behavior 
using Wavelet and Fuzzy Logic (WFL) techniques. 
As a result, it has been stated that the WFL technique 
had more consistent results than the fuzzy logic 
approach1. The results obtained from these studies 
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generally revealed the amount of cohesive and non-
cohesive sediment and pollution carried by 
Degirmendere to the Southeastern Black Sea.  

Further, Fitri et al.3 has investigated sediment 
transport, erosion and deposition patterns at the separate 
low-hill breakwater location that protects the cohesive 
shore of Carey Island, Malaysia with a combined two-
dimensional hydrodynamic-sediment transport model 
based on Reynolds averaged Navier-Stokes equations. 
Conversely, Droppo & Krishnappan11 used the 
RIVFLOC and MOBED models to evaluate the 
characteristics of cohesive sediment transport in rivers. It 
has also been found that these two models are 
instrumental in understanding the flow characteristics of 
rivers and the behaviors of cohesive sediment 
dynamics11. Spatially varying parameters can be 
estimated by assimilating suspended sediment 
concentrations received from the satellite. In a study by 
Zhang et al.12 have shown that data assimilation and 
parameter estimation using a combined independent 
point and Tikhonov regularization scheme can improve 
the modeling results more effectively. Difficulties in 
modeling parameters of cohesive sediments prevent the 
numerical modeling of sediment transport. Therefore, 
the reference has been made to the three-dimensional 
combined sediment transport model and its adjoint 
model by Wang et al.13. They have simultaneously 
assimilated data from the Geostationary Ocean Color 
Imager to four spatially and temporally varying 
predictions. As a result, they have predicted that the 
relationships between the estimated parameters and 
hydrodynamic fields might suggest improving 
parameterization in cohesive sediment13. Sediment 
types, grain diameters, and transport mechanisms in 
coastal areas differ. Therefore, different mathematical 
equations may be needed to model sediment motion14.  

Cohesive sediments are found everywhere in the 
coastal areas. However, its behavior is complex and, 
therefore, often oversimplified by computer models. 
Sherwood et al.15 have explained and demonstrated 
the algorithms for processing cohesive and mixed 
sediment added to the Regional Ocean Modeling 
System. Additionally, the authors simulated important 
components of cohesive sediment transport. A 
modified Harten, Lax, and van Leer Riemann solver 
with the contact wave restored (HLLC) was derived 
to predict depth-averaged shallow water flow and 
sediment transport. Samples containing both fixed and 
movable bearings were tested with the numerical 
model and as a result, it is understood that the model 

predictions are generally in good agreement with the 
measurement16. Cohesive sediments play a significant 
role in shaping the coastal zone and hence, it affects 
the ecological balance too. In light of this, Vaz et al.17 
have investigated the dependence of the water-column 
light extinction coefficient (k) on cohesive sediment 
dynamics in the Ria de Aveiro lagoon under sea-level 
rise and extreme freshwater discharge events and 
found that the extreme river discharge events exhibit 
higher impact on water column light penetration than 
the estimated sea-level rise.  

Sediment transport has become a global problem as 
it causes the deterioration of the ecological balance. 
Therefore, the model of sediment transport is 
essential. Information on seasonal sedimentation rates 
was predicted by Lu et al.18 with a two-dimensional 
(2D) surface water Flow Model coupled with a 
Sediment Transport model in the MIKE 21 modeling 
system. Another study on improving suspended 
cohesive sediment transport model performance using 
data assimilation tried to compare the multi-source 
observations simultaneously to the three-dimensional 
suspended cohesive sediment transport model in the 
Bohai Sea with adjoint method19. Several studies have 
been done on critical shear stresses for erosion and 
sedimentation of cohesive sediments. However, the 
methods used in the research are not found sufficient. 
Thus, Feng et al.20 have studied the performance and 
applicability of five critical erosion shear stress 
methods derived from different hypotheses on 
sediment transport. Comparative analysis and 
validation of existing methods are still lacking. As a 
result, it will provide an understanding of the 
mechanisms underlying erosion and cohesive 
sediment deposition20. Another paper analyzed the 
incipient motion mechanism of the consolidated 
cohesive precipitate. Also, the differentials affecting 
the new shear stress were investigated using the 
previous studies with an experimental device. 
Verification has also been made with experimental 
data and theoretical analysis. It is understood that the 
incipient shear stress values agree with the 
experimental results21. Population Balance Equations 
are frequently used to analyze better particle sizes in 
different environmental conditions. Instead of this 
model, Safar & Chassagne22 thought that they needed 
to analyze particles better to stay closer to physical 
processes, so they proposed an approach based on a 
logistic growth model that mimics Particle Size 
Distribution. Zhu et al.23 developed a three-
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dimensional hydrodynamic and sediment transport 
model to investigate sediment transport time scales in 
the China Modaomen Waterway. As a result of  
the study, it was understood that the fine-grained 
sediment was transported to the mouth of the river in 
a shorter time than the coarse-grained sediment. Also, 
it has been understood that as the transport time of 
coarse-grained sediments is a long period of time, it 
will cause deterioration of the water quality and the 
accumulation of pollutants. In another paper, Orseau 
et al.24 aimed to better understand and predict 
hydrodynamic and fine sediment transport within the 
estuary. That’s why they have formulated a two-
dimensional hydro-sedimentary model. Tayfur25 has 
examined modeling approaches for non-cohesive 
sediment transport that have been studied for years. 
As a result, opinions have been made about which 
methods may be more advantageous in non-cohesive 
sediment transport, which has been studied 
experimentally and numerically. Sediments are 
carried by the forces exerted by waves and currents. 
Egan et al.26 have conducted a field study to reveal 
the mechanisms driving cohesive sediment erosion. 
They also compared these field results with previous 
studies. As a result, it is said that the findings 
obtained can be applied to improving sediment 
transport models. Fine-grained sediment is one reason 
for rivers’ deterioration of water quality. Therefore, 
extensive knowledge is required for fine sediment. 
However, the cohesive channel bed sediment's 
deposition behavior was experimentally studied in a 
circular channel for improved modeling of fine 
sediment. The data from the examinations have been 
used to calibrate and test a mathematical model of 
flocculation and settling (FLUME)27. The results 
obtained from these studies, on the other hand, are 
aimed to obtain the most ideal solution by using 
different mathematical models. While different 
equations are used to model the cohesive and non-
cohesive sediment carried by the river, different 
equations are used to model the movement of 
cohesive and non-cohesive sediment in the marine 
environment. Therefore, different mathematical 
equations may be needed to model the movement of 
sediments. On the other hand, Oguz et al.28 studied 
the Black Sea circulation features based on a basin-
scale survey conducted in September-October 1990. 
For the upper 300-400 dbar, the circulation pattern 
consists of a cyclonic meandering Edge Current, a 
limited series of anticyclonic currents between shore 

and shore. Özsoy & Ünlüata29 discussed the roles of 
rising stratification, topography, and coastline 
changes along the coast in determining the general 
circulation of the Black Sea Basin and the behavior of 
fast, unstable boundary currents based on 
hydrographic data and satellite observations. In 
addition, the effects of physical processes on the 
ecosystem are discussed. Stanev30 stated that since the 
water and salt balances in the Black Sea are easily 
controllable and the scales are smaller than in the 
global ocean, this basin is a useful test site for 
developing models that can later be applied to larger 
scales. The primary purpose of the Stanev30 article is 
to demonstrate this possibility by using the Black Sea 
physical oceanography examples based on numerical 
modeling results. Stanev & Kandilarov31 stated in 
their study that the comparison between numerical 
simulations and remote sensing data adds reliability to 
the quality of the simulations. The combined effect of 
wind waves and currents in the bedding layer controls 
sediment resuspension, which is the primary basin-
wide sediment source. As a result, it was concluded 
that the depositional patterns were related to the 
specific shape of the Black Sea topography, and the 
most significant deposits were observed in the 
continental slope area. Gunduz et al.32 stated in their 
study that water passages in the Bosporus are of 
critical importance for the hydrodynamics and 
hydroclimatology of the Black Sea. It has been noted 
its vital importance for the hydrodynamics and 
hydroclimatology of the Black Sea, especially on the 
Marmara Seaside. 

When the literature is reviewed, it has been 
determined that the modeling methods used in 
international studies are not used for Degirmendere 
Basin, one of the largest basins of the Southeastern 
Black Sea Region. The cohesive sediment and non-
cohesive sediment concentration carried by the basin 
into the sea and the behavior of the transported 
sediments in the marine environment were generally 
obtained due to empirical studies. Getting the results 
of empirical studies for a long time, changes in the 
basin’s structure due to natural and human-induced 
reasons, and changes in the amount of sediment 
carried by the basin affect the accuracy of the studies' 
results. For all these reasons, in this study, the 
advection-dispersion and accumulation areas in the 
marine environment of the cohesive sediments 
transported by the Degirmendere basin to the 
Southeastern Black Sea are modeled. 
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Materials and Methods 
The movements of the cohesive sediments in the 

marine environment can be assessed through the 
results obtained from the numerical models7,33. The 
transportation, advection-dispersion, accumulation, 
and deposition areas of cohesive sediments released 
from Degirmendere River in the Southeastern Black 
Sea have been modeled using The Princeton Ocean 
Model (POM). 
 
The Princeton Ocean Model (POM) 

The Princeton Ocean Model (POM) is used to 
simulate and forecast oceanic currents, cohesive and 
non-cohesive sediment transport, particle tracking, 
temperatures, salinity, and various other water 
properties. One of the sub-modules of the POM model is 
the POMSED module which realistically simulates 
cohesive and non-cohesive sediments across multiple 
water systems, rivers, lakes, and oceanic and marine 
coastal waters. The POMSED module uses the same 
numerical grid and calculation structure as the 
hydrodynamic model. The POMSED module used in 
this study simulates the resuspension, transport, and 
deposition of cohesive and non-cohesive sediments34-36. 
 
The vertical coordinate system for irregular bathymetric areas 

The ordinary (x, y, z) coordinate system has 
disadvantages in large bathymetric areas. For this 
reason, a new coordinate system called σ-coordinate 
system has been described instead of the ordinary (x, 
y, z) coordinate system, as illustrated in Figure 1. The 
governing equations are transformed from ordinary 
coordinates (𝑥, 𝑦, 𝑧) to (𝑥∗, 𝑦∗, 𝜎, 𝑡∗)36-40.  

Where, x* = x, y* = y, 𝜎 =
௭ିఎ

ுାఎ
, t* = t, 𝐷 ≡ 𝐻 + 𝜂 

By applying the chain rule in the derivative, the 
following relations are obtained, connecting the 
derivatives in the old order (x, y, z) coordinate system 
with those in the new system. 
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Where, G is an elective field available, and 𝜎 ranges 
from 𝜎 = 0 at z = 𝜂 to 𝜎 = -1 at z = -H.  
 A new vertical velocity can be described as36-40: 
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 The boundary conditions, 

𝜔(𝑥∗, 𝑦∗, 0, 𝑡∗) = 0 , 𝜔(𝑥∗, 𝑦∗, −1, 𝑡∗) = 0        … (6) 
 
Governing equation for cohesive and non-cohesive sediment 

The three-dimensional advection-dispersion 
equation for the transport of sediment of size class k 
(k = 1,2) is: 
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 With the boundary-conditions 
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డ௭
= 0 , 𝑧 → 𝜂                                        … (8) 

 

𝐾ு
డ஼ೖ

డ௭
= 𝐸௞ − 𝐷௄ , 𝑧 → −𝐻                           … (9) 

 
Where, Ck: is the suspended sediment concentration 
(k = 1 for cohesive sediment and k = 2 for non-
cohesive sediments); u, v, and w: are velocity in the x, 
y, and z - direction; 𝐴ு: is the horizontal diffusivity; 
𝐾ு: is the vertical eddy diffusivity; 𝐸௞, 𝐷௄: are the 
resuspension and the deposition flux; 𝜂: is the water 
surface elevation above a specified datum; and H: is 
the bathymetric depth below the datum 
 
Resuspension and deposition of cohesive sediments in the 
marine environment 

The quantity of cohesive sediment resuspended 
from a cohesive sediment bed is given by Gailani  
et al.41 as: 

 
 

Fig. 1 — 𝜎-coordinate system 
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Where, 𝜀: is the resuspension intensity (mg cm-2); 𝑎଴: 
is the constant depending upon the bed particulars; Td: 
is the time after deposition (days); 𝜏௕: is the bed shear 
stress (dynes cm-2); 𝜏௖: is the critical shear stress for 
erosion (dynes cm-2); and m, n: are constants 
dependent upon the depositional environment in the 
marine. 

The deposition amount for cohesive sediment 
depends upon the sediment flux approaching the bed 
and the probability of the flocculation sticking to the 
bed, according to the formulation of Krone42 as 
follows: 
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Where, D1: is the depositional flux (g cm-2s-1); Ws,1: 

is the settling velocity of the cohesive sediment flocs 
(cms-1); C1: is the cohesive suspended sediment 
concentration (gcm-3) near the sediment-water 
interface; P1: is the probability of deposition; and 𝜔: 
is the variable of integral. 
 
Study area 

Degirmendere River mouth (41°0'9.04'' N, 
39°45'25.33'' E) is chosen as the cohesive sediment 
entrance point (Figs. 2 & 3) in the present study. 
Degirmendere Basin, the largest river basin in 
Trabzon Province, has a total region of 1053 km2. 
Most of the basin is located in Macka and Ortahisar 
(Trabzon Center) districts. It also includes a total of 
80 village settlements. Akcaabat and Yomra district’s 
borders and some lands north of Gumushane Province 
are also within the Degirmendere River basin. The 
geomorphological features of the basin are essential in 
terms of rainfall-flow relationships. Since the basin is 
a region with abundant rainfall, the soil structure is 
also suitable for sediment transportation. Therefore, 
the geomorphological structure and soil structure of 
the Degirmendere Basin cause intense sediment 
transport to the Southeastern Black Sea5,8,43. The study 
area where the model is applied is hydrodynamically 

 
 

Fig. 3 — View of the study area from Google Maps 

 
 

Fig. 2 — Map of the study area and cohesive sediment entrance 
point 
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under the influence of the central cyclonic cycle of the 
Black Sea throughout the year and is mainly affected 
by anticyclonic meandering Rim Current. The Batumi 
anticyclone, one of the most intense eddy formations, 
is active in the study area from early March to 
October44. 
 
The modeling framework 

The fate of cohesive sediments in the marine 
environment has been studied under different scenarios. 
Deposition areas in the marine environment of cohesive 
sediments transported to the Southeastern Black Sea 
during the high-flow and low-flow seasons were 
examined separately for different parameters. These 
parameters include the amount of cohesive sediment 
entering the Southeastern Black Sea in different seasons, 
the direction and intensity of the predominant and active 
winds, the effect of the central cyclonic cycle of the 
Black Sea, and the effect of the Batumi anticyclone, 
which is one of the most intense eddy formations. The 
flow rate of the Degirmendere River is reported as 41.3 
m3/s and 5.1 m3/s for high-flow and low-flow seasons, 
respectively45. According to the Degirmendere River 
measurements in 1993, the amount of suspended 
sediment was 448 mg/l in August, 110 mg/l in May, and 

39 mg/l in October. When these values are averaged, the 
average suspended sediment load of the Degirmendere 
River can be obtained as 199 mg/l8. Current data are 
challenging to obtain for the concentration of cohesive 
sediment entering the sea from rivers in the Southeastern 
Black Sea region. For this reason, cohesive sediment 
data were applied to the model considering the data 
presented by Taş8. The data for the hydrodynamic 
module have been retrieved from accessible  
online sources. Wind data have been recovered from  
the European Centre for Medium-Range Weather 
Forecast (ECMWF) (http://www.ecmwf.int). An overall 
presentation of the average data is given in Figure 4. 
 
Results and Discussion 

The advection-dispersion, accumulation, and 
deposition areas of cohesive sediments entering the 
Southeastern Black Sea from Degirmendere River 
have been modeled using the POMSED module in 
seasons where the sediment drift velocities are high 
(April) to low (August). The behavior of cohesive 
sediments in the marine environment has been 
investigated under different parameters, such as the 
change in the amount of cohesive sediment entering 
the sea from Degirmendere River, sediment drift 

 
 

Fig. 4 — Seasonal mean wind direction during high-flow and low-flow seasons 
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velocity (river flow velocity), the dominant surface 
circulation, and the effect of the wind pattern. 

Data on the amount of cohesive sediment entering 
the Southeast Black Sea from the Degirmendere 
River, under the influence of the predominant north-
west winds and during the transition from high flow 
seasons to low flow seasons in different seasons, 
given by Taş8, was incorporated into the POMSED 
model as follows 448 mg/l, 199 mg/l, 110 mg/l, and 
39 mg/l. Model results are given in Figure 5. 

The amount of cohesive sediments entering the sea 
is 448 mg/l, the dominant northwest wind with 7 m/s 
force, high sediment drifts velocity, the predominant 
surface circulation, and the west-east current in the 
Southeast Black Sea are incorporated into the model. 
The model results determined that the cohesive 
sediment concentration in the marine environment 
accumulates in intense amounts in the eastern part of 
the river entrance and from the open to the coastal 
areas (Fig. 5a). Due to the high amount of cohesive 
sediments entering the sea, the increased sediment 
drifts velocity, and the effect of the west to east 
current the cohesive sediments have accumulated 
intensely in the east of the study area and the coastal 
regions. Considering cohesive sediments dispersed in 
a broader area in the high-flow season (high sediment 
drift velocity), the total cohesive sediment particles 
count in the study area is much higher than in the low-
flow (low sediment drift velocity) season. 

When the amount of cohesive sediment entering 
the sea is reduced keeping other parameters constant 
(the dominant surface circulation, the current in the 
Southeastern Black Sea from west to east, and under 
the effect of the wind pattern), the cohesive sediments 
have generally accumulated on the Georgian borders 
of the Black Sea (Fig. 5b). As the amount of cohesive 
sediment entering the sea from the river's mouth is 
reduced, the sediment concentration in the marine 
environment decreases proportionately. They also 
accumulate sediments on the Georgian borders of the 
Black Sea (Fig. 5c, d). It is clear that sediment drift 
velocity, predominant winds, and currents affect the 
distribution and concentration of cohesive sediment 
on the sea surface.  

The amount of cohesive sediment (448 mg/l, 199 
mg/l, 110 mg/l, and 39 mg/l) entering the Southeastern 
Black Sea from the Degirmendere River is constant. 
The results obtained when examining the advection-
dispersion, accumulation, and deposition areas of 
cohesive sediments in the marine environment for low 
sediment drift velocity under the effect of the dominant 
surface circulation and dominant northwest wind, 
which are kept constant, are shown in Figure 6. Since 
the drift velocity of cohesive sediments entering the sea 
from the river is low, cohesive sediments have 
accumulated at the river's mouth due to the dominant 
surface circulation and effect of the wind pattern. As 
the sediment drift velocity (river flow velocity) 

 
 

Fig. 5 — Snapshots of cohesive sediment distribution on Southeastern Black Sea for high sediment drift velocity 
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decreases gradually, cohesive sediments accumulate in 
large amounts at the river mouth. No matter how high 
the amount of sediment entering the river, the 
accumulation occurs at the river's mouth, and only the 
concentration amount in the marine environment 
changes (Fig. 6a – d). It has been determined that the 
sediment drift velocity has the most significant effect 
on the accumulation areas of cohesive sediments in the 
marine environment. 

When the direction of arrival of the wind is 
changed to the southwest and other parameters 
(cohesive sediment amount entering the sea, sediment 
drift velocity, and dominant surface circulation) are 
kept constant, and the amount of cohesive sediment 
entering the sea was increased, the accumulation 
occurred intensely offshore with the effect of the 
direction of the wind and the anticyclone cycle  
(Fig. 7). At the same time, the accumulation occurred 
on the Georgian borders of the Black Sea (Fig. 7a). 
As the amount of cohesive sediment entering the sea 
decreased, the accumulation moved out offshore 
towards the Georgian borders of the Black Sea  
(Fig. 7b). It was found that when the amount of 

sediment entering the sea was minimized while 
keeping the other parameters constant, the 
accumulation of cohesive sediments ultimately 
occurred on the Georgian borders of the Black Sea 
(Fig. 7c). The most important reasons for this 
situation are that the direction of arrival of the wind is 
southwest, the dominant surface circulation, and the 
current in the Eastern Black Sea is from west to east. 

Degirmendere Basin carries an intense amount of 
sediment load to the Southeastern Black Sea due to 
floods, landslides, and erosion. The Trabzon port's 
existence in the west of the point where 
Degirmendere River discharges into the sea and the 
fishermen's shelters in the east increase the 
importance of determining the advection-dispersion, 
accumulation, and deposition areas of the transported 
sediments in the marine environment. Cohesive 
sediments entering the sea during the high flow 
seasons (the seasons when the sediment drift velocity 
is high) accumulate heavily in the breakwaters of the 
fishermen's shelters and east of the river mouth due to 
the effect of the dominant northwest wind and the 
west-to-east current. In the low flow seasons, 

 
 

Fig. 6 — Snapshots of cohesive sediment distribution on Southeastern Black Sea for low sediment drift velocity 
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cohesive sediments accumulate at the river mouth and 
Trabzon port entrance.  

In this study, the advection-dispersion, 
accumulation, and deposition areas of cohesive 
sediments entering the Southeastern Black Sea from 
the Degirmendere River have been modeled under 
different parameters in line with the results obtained 
from previous studies. The results obtained from the 
model aimed how the Trabzon port entrance and 
fishermen's shelters will be affected by the sediment 
concentration carried out due to possible floods, 
landslides, and erosion. Another aim of this study is to 
take necessary precautions in Trabzon port and 
fishermen's shelters in case of possible future floods, 
landslides, and erosion. The effects of dams and 
hydroelectric power plants built on Degirmendere 
River on the concentration of sediment carried into the 
marine environment and their impact on coastal erosion 
have been indirectly investigated. The results obtained 
from the model will form the basis of possible studies 
in the future. 

Conclusion 
This study aimed to provide prior knowledge by 

modeling the advection-dispersion and accumulation 
areas of cohesive sediments in the marine 
environment entering the sea in low-flow and high-
flow seasons from Turkey's largest river basin in the 
Northeast Degirmendere Basin. The accumulation 
areas of cohesive sediments in the marine 
environment vary depending on the amount of 
sediment entering the sea; sediment drift velocity, the 
direction, and intensity of the dominant wind, the 
dominant surface circulation, the effect of the anti-
cyclone cycle, and high-flow and low-flow seasons. It 
has been found that the sediment drift velocity under 
the influence of the predominant northwest winds in 
the Southeastern Black Sea significantly affects the 
accumulation of cohesive sediments in the marine 
environment.  

During high-flow seasons, it has been determined 
that cohesive sediments move from offshore toward 
the coastal areas and accumulate in the coastal 
regions. For low sediment drift-velocity, cohesive 

 
 

Fig. 7 — Snapshots of cohesive sediment distribution on Southeastern Black Sea for south-west direction active winds 
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sediments that enter the sea accumulate densely at the 
river's mouth. Regardless of the amount of sediment 
entering the sea in the low-flow seasons, the 
accumulation areas do not change; only the 
accumulation density varies. When the southwest 
wind is effective, cohesive sediments move from 
offshore towards the Georgian borders of the Black 
Sea and accumulate in these areas. 

 The model results can form a basis for coastal 
interventions on the Southeastern Black Sea coast, 
planning studies for cleaning the Trabzon port 
entrance, and risk assessment studies for the  
area where fishermen's shelters are located. Further, 
the results presented in current study can be 
considered while planning exemplification studies in 
this region.  
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