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1. General information about project

Black Seacross-borderproject, ICME, analysis the effects of sediment brought by
Degirmendere on the port of Trabzonand its surroundings. Different scenarios and their
effects will be investigated by using mathematical hydrodynamic model. Then, possible
measures to be takenwill reveal. In order to establish correct model stated the monthly
oceanographic measurement will be done at Degirmendere and harbors.This sampling will
be carried out in astated time duration and the mathematical hydrodynamic models
(mathematical models of spread of the pollutants, myocean result downscaling and
sediment transport) and management scenarios for the Trabzon Port and Degirmendere

area will be developed.

2. Trabzon Port

2.1.Location of Trabzon Port
Trabzon Port is located North between 40 57' 30"latitude, east 0of40 02' 30" north and
longitude 41 06'36"latitude, east of 3925'00° longitude. In other words, the lines drawn on
the north direction from the light in the eastern Cape and the Western Cape are Narlik

within the marine and coastal area bounded by adjacent Turkish territorial waters.

2.2.History of Trabzon port
Trabzon Port made by Pontus located in theBC117-119years, moved tothe area in which

the current port is located. Harbor created by carving the rocks, the Ottoman Empire, it
was began to be made by the commander Hasan Pasha, completed by Governor Mazha
Pasha and taken into service in1903,Trabzon Port was one of the five major ports of the

Ottoman Empire that date.

Picture 1. Historic view of Trabzon Port
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The new port was started be built in 1946, completed in1954. In 80’s port can not
respond to the increasing ship traffic, therefore modernization of theport was taken to
agenda. Moderinazitaion work was completed in1990. State-owned Trabzonport
operations transferred to the private sector by way of privatization on 22 November2003..
Trabzon is located onthe historical Silk Road, a melting pot of languages, religions and
culture center over the centuries, has a trade door to northern Russia and the Caucasus.
Genoese, Venetians come and gonefrom this port; woolen fabrics, linen and silk goods
they sell. In the Ottoman era inTrabzon, thanks to the port of Iran, Iraq, India, Russia, and
has been the focal point of trade made the Caucasus.

Silk Road and Trabzon Port The date on which the wealth of the East for two thousand
years later the caravan carrying the West Silk Road, which connects two continents and
three sea basins. Beyond being a trade route linking Asia to Europe Silk Road, which
provides the cultural exchange between civilizations. Starting from China divided into
multiple routes of the Silk Road in Central Asia, Istanbul route was used as one of the

major routes, the riches of the East to the West has passed through the port of Trabzon.

Trabzon with links to the world's largest sea was founded on the shores of the Black Sea,
the largest inland sea, especially Iran, Iraq, Turkey and the Turkish Republic located at a
strategic point at the beginning ofthe transit route. Trabzon Port plays a key role in
connecting to all European and world markets of these countries

2.3.Technical Information on the Trabzon Port
Length of breakwaters at Trabzon port is given in the Following Table.

Table 1. Length of breakwaters at Trabzon port

1,135 meters
440 meters
380 meters

Length of large breakwater
Small breakwater length
Secondary breakwater length

2.4.Port Area
Ship handling and storage capacity of Trabzon port is shown in Table 2.
Table 2. Cargo handling and store capacity of Trabzon port

Total Average Depth Handling Ship Acceptance | Storage
Quay (m) Capacity Capacity Capacity
Length (tons / year) (pcs / year) (tons / year)
(m)

1525 25-10 3.839 2000 3.193
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Lengths of each piers are given in Table 3.

Table 3. Length of piers at Trabzon port

ICME-Trabzon Port

Piers Name and ID Length(m) Depth (m)
Main Berth 400 9,5
General Cargo Berth | 300 9,5
Container Berth 280 9,5

Mine Berth 290 11,5
RoRo Berth 25 10
Auxiliary Berth 200 3

2.5.0bjectives
The oceanographic parameters will be measured with supplied equipment by the

Contracting Authority for stated time duration, and raw datawill be reported in MS EXCEL

as well as the results of the analysis of the data collected. Then, a mathematical model will

be developed to

investigate the hydrodynamic flow around Trabzon port and

surroundings.The management strategies developed from the modeling results will reveal

to minimize sediment accumulations in and around Trabzon Harbor.

3. Sampling Strategy
The first Samplings were done at 13 points with equipment supplied by Contracting

Authority.Coordinates of the sampling stations are given in Tablel and shown in Figure 1.

Final Report

Table 4. Coordinates of Sampling Stations and Depths

STATION LONGITUDE (N) LATITUDE (E) DEPTH (m)
D1 41° 00" 38,63" 39° 46' 08,13" 34
D2 41° 00' 23,29" 39°45'40,13" 12
D3 41° 00" 14,51" 39° 45' 29,75" 25
D4 41° 00' 43,50" 39° 45' 46,39" 47
D5 41° 00' 30,24" 39° 45' 22,34" 35
D6 41° 00' 19,15" 39° 45' 20,90" 8
D7 41° 00' 19,18" 39° 45' 00" 10
D8 41° 00' 44,91" 39° 44' 48,35" 45
D9 41° 00' 45,98" 39° 44' 25,24" 40
D10 41° 00' 34" 39° 44" 17" 8.2
D11 41° 00' 24,60" 39° 44' 20,06" 10
D12 41° 00" 14,91" 39° 44' 28,59" 11

D13 (River 41° 00' 03,61" 39° 45' 25,58" 1

enterence)

12
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i
:

72002 00 014, 4441°00'25.544K#392

Figure 1. Sampling Stations
The first sampling of the following data was done at 13 stations.Aquadopp IM 300
current meter was used to measure currents and Sea Sun Tech. CTD 75 M
multiparameter probe was used for oceanographic parameters. Picture of these two
equipments are given in Picture 2.

Picture 2.CTD and current meterused in the sampling provided by the Project coordinator
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Some pictures taken during the measurements were given in the following
pictures.

06/02/2015

Picture 3. Equipment and personnel conducted the measurements
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Picture 4.During the Current measurements
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06/02/2015

Picture 5. During the CTD measurements (Note that A project research staff has joined all
the samplings occations conducted)

Raw data is in the attached CD. Continuous data were measured for all

oceanographic parameters.

Oceanographic parameters
- Pressure,

- Temperature,
-PH

- Conductivity,
- Turbidity,

- Salinity,

- Oxygen,

- Sound,

- Sigma,

- Current,

- DO.

Graphs for temperature, conductivity, salinity, versus depth (sigma) will be given for each
stations and others will be given as raw data. Suspended sediment will be given at surface
and maximum depth. Current speed and direction at surface, maximum depth and 2 more

in between will be shown at each station points on google map given in Figure 1.
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4. Meteorological Data
Precipitation and wind data were obtained from State Meteorological Office. However,

wind measurements from land stations underestimate the magnitude of wind above sea
surface. This is mainly due to differences in characteristics of the atmospheric planetary
boundary layer over land and water. On the basis of theory discussed, wind speed over

sea surface was found as

U sea 3O(U land )0.67

Usea: Wind speed over sea surface (m/s)
Uiand: Measured wind speed (m/s)

Table 5 shows the monthly and annual values for the most probable wind speed (Vmp),
and the wind speed carrying maximum energy (VmaxE) at height of 10 m. and monthly
average wind speed for Trabzon is given in Figure 2. (Akpinar,2012)

Table 5. Average monthly and annual values of the characteristic wind speeds at 10 m

heights.
Giresun Ordu Trabzon Hopa
Months
vmp vmaxE vmp vmaxE vmp VmaxE Vmp VmaxE

January 0.37 5.17 0.92 3.16 1.32 7.07 1.61 9.29
February 0.91 4.34 0.9 3.35 1.38 7.18 0.67 8.72
March 0.99 4.13 0.72 4.49 1.65 6.86 0.18 8.72
April 0.5 4.55 0.89 3.83 1.77 5.27 0.27 5.49
May 0.03 6.14 1.02 3.83 1.71 4.63 0.75 3.62
June 0.82 3.52 1.33 3.94 1.69 5.1 13 3.1

July 0.02 6.26 1.14 4.2 1.77 4.9 1.52 2.69
August 1.05 3.24 1.15 4.32 2.06 4,53 1.52 2.81
September 0.91 3.38 1.21 3.62 2.18 5.09 1.6 3.4

October 0.53 4.2 0.9 3.21 1.78 5.04 1 5.24
November 0.3 5.59 0.85 3.26 1.5 7.05 1.18 8.05
December 0.49 5.52 0.92 3.18 1.49 7.11 1.85 9.42
Annual 0.51 4.61 0.97 3.78 1.65 5.81 0.5 7.22
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Figure 2. Mean monthly wind speed for Trabzon

Table 6. Meteorological data for Trabzon (DMI)between 1954 - 2013

TRABZON Jan | Feb |March| Apr. | May |June| July |Aug.|Sep. | Oct. |Nov. | Dec.
Average values (1954 - 2013)

Average Temp. (°C) 74 |7.3 |8.6 11.8 [16.0 [20.4 |23.2 |23.4 |20.3 |16.5 |12.7 |9.6
Average Max. Temp. (°C) (10.9 |11.0 |12.1 [15.5 [19.1 |23.5 |26.2 [26.7 |23.8 |20.1 [16.5 |13.2
Average Min. Temp. (°C) 4.7 44 55 (8.8 [12.9 |17.1 |20.1 |20.4 |17.3 [13.6 9.8 [6.7
Average Sun shine(h) |28 3.3 35 |43 |57 |71 6.1 |57 |50 |46 3.7 |2.8
Average N”D”;?/er ofRainy 1135 127 142 [149 [135 [11.3 |83 |04 [11.8 [132 [12.4 |13.1
Average Total monthly \;5 5 155 |91 |58.7 [51.8 |51.4 [34.7 431 [76.1 [113.9]94.5 [82.0
precipitation (kg/m<)

Average Maximum and minimum Temperatures (1954 - 2013)

Max.Temperature (°C) |25.2 |28.2 |35.2 |(37.6 [37.8 [35.9 [37.0 [34.8 |33.2 |32.7 |30.3 |26.4
Min. Temperature (°C) |-6.0 |-6.1 |-5.0 |20 [54 |[9.2 |135 |138 85 (34 |06 |3.1

Analysis of the meteorological data showed that effective wind for Eastern Blacksea is

NW.

Final Report
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Flux rates and sediment amount of Degirmendere was obtained from The General

Directorate of S

tate Hydraulic Works and given in Figure 3 and Table 7.

Flux rate (m~"3

Montly Mean Flux rate of Degirmendere

25

Figure 3. Montly flux rate of Degirmendere (DSI)

Table 7. Sediment amount measured from Degirmendere

Month

December

Jananuary | February | March | April | May | June | July
Sediment | 346 181 381 216 427 | 489 | 385 | 274
(mg/l)
Final Report
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5. MYOCEAN downscaling

Data for the Blacksea region were downscaled from MYOCEAN data and results were
given in the following graphs

MyOcean VIEW ACCESS

MY CART 5/
' Black Sea High ion and Ultra High ion Sea Surface

ssigs s iwmro || Temperature Analysis
BSERVATIONS_010_006 MI ¥

Productid: SST_BS_SST_L4_NRT_OBSERVATIONS_010_006

Dataset:  [Black Sea SST Analysis, L4, Tkm daily (SST_BS_SST_L4_NRT_OBSERVATIONS_(~|

Variable: [ sea_surace_temperatse |

Units: degrees_C  Time: | 2015-03-05 [][ 00 00.00 0002

Figure 4. Downlaod page of MYOCEAN web site
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Figure 5. Sea surface temperature downscaled from myocean data set.
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Figure 6. Sea surface temperature with 1km resolution downscaled from myocean data

set.
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Figure 7. Sea surface temperature anomalies fort the Southeast Blacksea
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6. Results of Sampling

6.1.Topography of the study area
\ I \

Figure 8. Topography of Trabzon port and Degirmendere area
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6.2.Physical Properties of Seawater in the study area
6.2.1. CTD Measurements

CTD measurements were done on the following dates.

Month First Measurement Second measurement
December 28 --

January 4 25

February 6 22

March 7 28

April 11 26

May 3 30

June 6

CTD graphs versus depth for each stations are given in below. Conductivity, Salinity and
Temperature results for December are given in Figures 9 -20.
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Figure 9. CTD from D1 Station for measurements in December 2014
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Figure 10. CTD from D2 Station for measurements in December2014
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Figure 11. CTD from D3 Station for measurements in December2014
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Figure 12.CTD from D4 Station for measurements in December2014
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Figure 13. CTD from D5 Station for measurements in December2014
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Figure 14. CTD from D6 Station for measurements in December2014
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Figure 15. CTD from D7 Station for measurements in December2014
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Figure 16.CTD from D8 Station for measurements in December2014
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Figure 17.CTD from D9 Station for measurements in December2014
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Figure 18.CTD from D10 Station for measurements in December2014
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Figure 19.CTD from D11 Station for measurements in December2014
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 20.CTD from D12 Station for measurements in December2014
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the first period of January are given in Figures 21 -32.
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Figure 21. CTD from D1 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 22.CTD from D2 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 23.CTD from D3 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 24.CTD from D4 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 25.CTD from D5 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 26.CTD from D6 Station for the first measurements in January2015

Final Report 40



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 27.CTD from D7 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 28.CTD from D8 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 29.CTD from D9 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 30.CTD from D10 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 31.CTD from D11 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 32.CTD from D12 Station for the first measurements in January2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the second period of January are given in Figures 33 -44.
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Figure 33. CTD from D1 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 34.CTD from D2 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 35.CTD from D3 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 36.CTD from D4 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 37.CTD from D5 Station for the second measurements in January2015

Final Report 51



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 38.CTD from D6 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 39.CTD from D7 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 40.CTD from D8 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 41.CTD from D9 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 42.CTD from D10 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 43.CTD from D11 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298
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Figure 44.CTD from D12 Station for the second measurements in January2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the first period of February are given in Figures 45 -56.
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Figure 45. CTD from D1 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 46.CTD from D2 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 47.CTD from D3 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 48.CTD from D4 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 49.CTD from D5 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 50.CTD from D6 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

Coductivity(mS/cm)

20.36 20.38 204 20.42 20.44 20.46
I I I . I ! I ! I ! |
Salinity
17.16 17.18 17.2 17.22 17.24

Temperature (°C)

9.75 9.8 9.85 9.9 9.95 10
I I | I | | I ! I I |
0 —
LA
i o Tarporaire |
® @ sy

2 — IA—2A—7A\ Conductivity
4 —_—

Pressure (dbar)
>

12—

Figure 51.CTD from D7 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

Coductivity(mS/cm)
19.8 20 20.2 20.4 20.6 20.8 21
- ! v ! v oy oy
Salinity
17.2 17.3 17.4 17.5 17.6 17.7

Temperature (°C)

8.4 8.8 9.2 9.6 10
| | | ! | | | ! |
0 —
44— Temperature
: e o 0
IAX—A——4\ Conductivity /
10—
®
el
=
220 —
3
?
g
a
30 —
40 —

Figure 52.CTD from D8 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 53.CTD from D9 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 54.CTD from D10 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 55.CTD from D11 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 56.CTD from D12 Station for the first measurements in February2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the second period of February are given in Figures 57 -68.
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Figure 57. CTD from D1 Station for the second measurements in February2015

Final Report 71



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

Coductivity(mS/cm)

19.92 19.96 20 20.04 20.08 20.12
l | I ! | ! | ! I 1 |
Salinity
17.2 17.25 17.3 17.35 17.4 17.45 17.5

I I TR IR SN N T BN T B R

Temperature (°C)

9.74 9.76 9.78 9.8
el | | | | | |
f +—F—F Temperature
O Oy
IA—A—7A\ Conductivity
4 —

Pressure (dbar)
<o

16 —

Figure 58.CTD from D2 Station for the second measurements in February2015

Final Report 72



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

Coductivity(mS/cm)
20.248 20.252 20.256 20.26

I | 1 | l 1 |

Salinity
17 18

Temperature (°C)

10 10.02 10.04 10.06 10.08
| | l | | l I
04 —
— °® ==} Temperature
® & Oy
IA—A—7A\ Conductivity
0.8 —
1.2 —
&
ol
2
o =
>
wn
g
a
1.6 —
2 —
24 —

Figure 59.CTD from D3 Station for the second measurements in February2015
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Figure 60.CTD from D4 Station for the second measurements in February2015
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ICME-Trabzon Port
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Figure 61.CTD from D5 Station for the second measurements in February2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 62.CTD from D6 Station for the second measurements in February2015
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ICME-Trabzon Port
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Figure 63.CTD from D7 Station for the seond measurements in February2015
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Figure 64.CTD from D8 Station for the second measurements in February2015
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Figure 65.CTD from D9 Station for the second measurements in February2015

Final Report

79



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 66.CTD from D10 Station for the second measurements in February2015
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Figure 67.CTD from D11 Station for the second measurements in February2015
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ICME-Trabzon Port
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Figure 68.CTD from D12 Station for the second measurements in February2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the first period of March are given in Figures 69 -80.
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Figure 69. CTD from D1 Station for the first measurements in March2015
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Figure 70.CTD from D2 Station for the first measurements in March2015
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Figure 71.CTD from D3 Station for the first measurements in March2015
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Figure 72.CTD from D4 Station for the first measurements in March2015
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Figure 73.CTD from D5 Station for the first measurements in March2015
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Figure 74.CTD from D6 Station for the first measurements in March2015
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Figure 75.CTD from D7 Station for the first measurements in March2015
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Figure 76.CTD from D8 Station for the first measurements in March2015
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Figure 77.CTD from D9 Station for the first measurements in March2015
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Figure 78.CTD from D10 Station for the first measurements in March2015
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Figure 79.CTD from D11 Station for the first measurements in March2015
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Figure 80.CTD from D12 Station for the first measurements in March2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the second period of March are given in Figures 81 -92.

Coductivity(mS/cm)
19.2 19.6 20 20.4 20.8

! l | I | l |

Salinity
17.12 17.14 17.16 17.18

Temperature (°C)

8.8 9.2 9.6 10 10.4 10.8
1 | | l | | | |
i +—4— Temperature |+
® @ ®s-inity
I—2A—74\ Congdfctivity
10—

Pressure (dbar)
N
(=}

30 —

40 —

Figure 81. CTD from D1 Station for the second measurements in March 2015
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Figure 82.CTD from D2 Station for the second measurements in March2015
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Figure 83.CTD from D3 Station for the second measurements in March2015
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Figure 84.CTD from D4 Station for the second measurements in March2015
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Figure 85.CTD from D5 Station for the second measurements in March2015
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Figure 86.CTD from D6 Station for the second measurements in March2015
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Figure 87.CTD from D7 Station for the second measurements in March2015
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Figure 88.CTD from D8 Station for the second measurements in March2015
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Figure 89.CTD from D9 Station for the secondmeasurements in March2015
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Figure 90.CTD from D10 Station for the second measurements in March2015
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Figure 91.CTD from D11 Station for the secondmeasurements in March2015
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ICME-Trabzon Port
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Figure 92.CTD from D12 Station for the second measurements in March2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the first period of April are given in Figures 93 -104.
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Figure 93. CTD from D1 Station for the first measurements in April2015
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Figure 94.CTD from D2 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 95.CTD from D3 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 96.CTD from D4 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 97.CTD from D5 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 98.CTD from D6 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 99.CTD from D7 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 100.CTD from D8 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 101.CTD from D9 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 102.CTD from D10 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 103.CTD from D11 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 104.CTD from D12 Station for the first measurements in April2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the second period of April are given in Figures 105 -116.
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Figure 105. CTD from D1 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 106.CTD from D2 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 107.CTD from D3 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 108.CTD from D4 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 109.CTD from D5 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 110.CTD from D6 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298
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Figure 111.CTD from D7 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 112.CTD from D8 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 113.CTD from D9 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port

Coductivity(mS/cm)
20 20.4 20.8 21.2 216
| | | |
Salinity
17.01 17.02 17.03 17.04 17.05
| | |
Temperature (°C)
13.2 13.4 13.6 13.8 14
13— | | | | |
® A
44— Temperature
® @ Oy
2 — I—A—7A\ Conductivity
4 —
T
L0
2
o —
5
?
2
a
6 —
8 —
10—
Figure 114.CTD from D10 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 115.CTD from D11 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 116.CTD from D12 Station for the second measurements in April2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the first period of May are given in Figures 117 -128.
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Figure 117. CTD from D1 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 118.CTD from D2 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 119.CTD from D3 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 120.CTD from D4 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 121.CTD from D5 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 122.CTD from D6 Station for the first measurements in May2015

Final Report

136



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 123.CTD from D7 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 124.CTD from D8 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 125.CTD from D9 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 126.CTD from D10 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 127.CTD from D11 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 128.CTD from D12 Station for the first measurements in May2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for the second period of May are given in Figures 129 -140.
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Figure 129. CTD from D1 Station for the second measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 130.CTD from D2 Station for the second measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 131.CTD from D3 Station for the second measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 132.CTD from D4 Station for the second measurements in May2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 133.CTD from D5 Station for the second measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port
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Figure 134.CTD from D6 Station for the second measurements in May2015
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Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port
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Figure 135.CTD from D7 Station for the second measurements in May2015
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Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

Coductivity(mS/cm)
-10 0 10 20 30
| | I | |
Salinity
0 4 8 12 16 20

Temperature (°C)
8 12 16 20 24

0 l | - | l | - |

®

3

E 20 E— i\

2 44— Temperature 4

: e ® @iy |

& Salinity /
I—A—4\ Conductivity :

Figure 136.CTD from D8 Station for the second measurements in May2015
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Figure 137.CTD from D9 Station for the second measurements in May2015
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Figure 138.CTD from D10 Station for the second measurements in May2015
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Figure 139.CTD from D11 Station for the second measurements in May2015
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Figure 140.CTD from D12 Station for the second measurements in May2015
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CTD graphs versus depth for each stations are given in the below. Conductivity, Salinity
and Temperature results for June are given in Figures 141 -152.

Coductivity(mS/cm)
28.2 28.3 28.4 28,5 286 28.7
| l | 1 | I | 1
Salinity
17.84 17.88 17.92 17.96 18 18.04

l | l | I | I | l | I

Temperature (°C)

23 24 25 26 27 28
I ! I ! I ! I ! | ! |
0 —
A —
I S :
[
& A
10 — i
£ A
Q0
=2
o -
b~
7]
wn
2
a
15 —
-I-—-I-—+ Temperature
1 .—HSaIinity
/A—A—4\ Conductivity
20 —
£
25 —

Figure 141. CTD from D1 Station for measurements in June2015
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Figure 142.CTD from D2 Station for measurements in June2015
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Figure 143.CTD from D3 Station for measurements in June2015
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Figure 144.CTD from D4 Station for measurements in June2015
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Figure 145.CTD from D5 Station for measurements in June2015
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Figure 147.CTD from D7 Station for measurements in June2015
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Figure 148.CTD from D8 Station for measurements in June2015
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Figure 149.CTD from D9 Station for measurements in June2015

Final Report 163



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298

12

16

Final Report

Coductivity(mS/cm)
20 24
| I |
Salinity
14 16

I BT

Temperature (°C)
24

| | |

Pressure (dbar)
<

ICME-Trabzon Port

44— Temperature
® O Oy
IA5—A—4\ Conductiyify

Figure 150.CTD from D10 Station for measurements in June2015
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Figure 151.CTD from D11 Station for the first measurements in June 2015
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Figure 152.CTD from D12 Station for measurements in June2015
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In order to cover all season data for september was obtained Project coordinator and
graphs for these measurements are given in Figures 153-164.
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Figure 153.CTD from D1 Station for measurements in September 2014
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Figure 154. CTD from D2 Station for measurements in September 2014
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Figure 156. CTD from D4 Station for measurements in September2014
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Figure 158. CTD from D6 Station for measurements in September2014
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Figure 160.CTD from D8 Station for measurements in September2014
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Figure 161.CTD from D9 Station for measurements in September2014
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Figure 162.CTD from D10 Station for measurements in September2014
Final Report

176



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

Coductivity(mS/cm)
16 18 20 22 24 26
| | | | | |
Salinity
10 12 14 16 18

l ! l 1 I ! I !

Temperature (°C)

18.4 18.6 18.8 19 19.2 19.4
| | | | | I | l |
0 —
—h————
2 —
A
’: A
[\
o]
=2
o il
= A
4
s =+—F—-F Temperature
i ® 0 @i
I—2A—7\ Conductivity %‘
] &
10 —

Figure 163.CTD from D11 Station for measurements in September2014
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Figure 164.CTD from D12 Station for measurements in September2014
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7. Heavy Metal Measurements

An orange peel bucket sampler (Picture 6) was used to collect sediment samples at
stations . The stations were chosen so as to cover the metal pollution affected area. The
samples were placed in polyethylene bags using a clean plastic spatula to prevent
contamination. After collection, all samples were placed in refrigerator, and transported to
the laboratory where they were stored at — 18 °C until being analyzed (Csuros and Csuros
2002). Prior to analysis, samples were dried at 45 °C. For general physical properties of
the sediment around Trabzon harbor, sediment samples were sieved using distilled water
in an AS 200 vibratory sieve shaker (Retsch, Germany). For metal analysis, sediment
samples were sieved to pass <63 um because metals exhibits usually a higher affinity to
small grains (Morillo et al. 2004). Pore waters were separated from the sediment layers by
centrifugation at 10,160 rcf x g for 30 min at +4 °C and filtered through 0.45 pm cellulose
acetate membranes. Filtration and subsequent manipulation of the samples were carried
out in a glove box under argon atmosphere in avoid alteration of the initial conditions
(Santos-Echeandia et al. 2009). Pore water samples were acidified with suprapure HCL
(pH < 2). The volume fraction of porosity (n) can be defined as the reaction of void space
(Vv) relative to the apparent total bulk volume (V1) of the sample. Porosity is described in
percentage (Klobes et al. 2006).

n=(Vv/VT)*100
(1)

Temperature, salinity, pH and oxygen were measured using a Hach Lange HQ40D multi
meter. Metal concentrations were determined using an inductively coupled plasma-mass
spectrometer (ICP-MS) analysis in ACME Lab., (Vancouer, BC. Canada). Results are
given in Table 8.

Picture 6. Sediment grab and sediment sample
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Table 8. Results of Sediment Analysis (i:Spring, k:Winter, y:Summer, s:Autum)
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The sand fractions were generally dominant ( >60 %) in the surface sediments. Also,
values of porosity, pH, temperature, salinity and oxygen were ranged from 35.5 to 53 %,
from 7.11 to 8.10, from 10.1 to 15.1 °C, from 14.46 to 17.64 %., from 6.08 to 8.50 mg/L,
respectively (Table 9).

Table 9.General properties of sediment and pore water around Trabzon harbor

Physical proporties Chemical proporties
Area Deepth Gravel Sand Clay Porosity Temp?rature Salinity oH Oxygen Oxygen
(m) (%) (%) (%) (%) (9 (%) (%) (mg/L)
D1 34 1.3 75.59 23.11 41 13.4 17.62 7.57 68.4 7.05
D2 1.5 8.5 79.29 12.21 42 10.1 14.46 8.1 74.3 8.5
D3 15 2.7 88.40 8.90 35.5 14.2 17.57 7.45 72.6 7.38
D4 47 0.65  60.66 38.69 53 13.2 17.64 7.38 62.4 6.45
D5 10 1.1 84.75 14.15 36 14.8 17.54 7.34 73.3 7.35
D6 12 0.87 66.98 32.15 51 14.8 17.55 7.11 65.1 6.11
D7 11 0.95 64.89 34.16 51.5 15.1 17.55 7.12 64.3 6.08
D8 18 6.4 84.19 9.41 36.5 14.1 17.58 7.82 74.2 7.46
D9 24 7.1 84.20 8.70 36.5 13.8 17.6 7.74 73.8 7.44

Metal concentrations in sediments were varied from 22.3 to 83.7 ug g* for Cr, 54.3 to
246.8 ug g* for Cu, 67.2 to 253 ug g for Zn, 50.1 to 117.3 ug g* for Pb, 23.4 t0 98.7 ug g
Lfor Ni, 12.3 to 52.6 ug g* for As. Metal concentrations in sediment pore water were varied
from 4.14 to 12.41 ug kg™ for Cr, 13.21 to 32.1 ug kg for Cu, 22 to 44.75 ug kg for Zn,
10.72 to 36.51 ug kg for Pb, 3.72 to 14.1 pg kg for Ni, 3.12 to 7.78 ug kg for As. The
highest metal concentrations were determined in D6 and D7 stations. Harbors are
enclosed and low-energy water bodies. It was reported in the literature that accumulation
is enhanced in enclosed and semi-enclosed areas (Pekey et al. 2004). Stations of D6 and
D7 were in the inner harbor, water circulation was not well enough. Mean values of Cu, Zn,
Pb and As in sediments were higher than the reference values (WASW, CCV, TRV),
whereas the mean values of Cr and Ni were less than reference values (Turekian and
Wedepohl 1961; Taylor 1964; US EPA 1999). Mean values of Cu and Pb in sediment pore
water were higher than reference value (WQC), whereas the mean values of Cr, Zn, Ni
and As less than reference value (US EPA 2006) (Table 10).

According to the Sediment Quality Guideline (SQG) proposed by US EPA, sediment was
classified into three classes, non-polluted, moderately polluted and heavily polluted (Pekey
et al. 2004). The average metal values of stations were compared with the SQG (Table
10). According to this classification, Cr, Zn and Ni were determined as moderately
polluted. But, Cu, Pb and As were determined as heavily polluted. Metal concentrations in
sediment were evaluated by comparing to numerical SOG which is known as the effect
range low (ERL) and effect range median (ERM), the threshold effect level (TEL) and
probable effect level (PEL) values (Long et al. 1998). Low-range values (i.e., ERL or TEL)
are concentrations less than those expected not to cause adverse effects in sediment
dwelling fauna. In contrast, the ERM and PEL represent chemical concentrations above
which adverse effects are likely to occur (Pekey et al. 2004). Concentrations of Cu, Pb, Ni
and As were over TEL and ERL value in the investigated region. But, Concentrations of
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Cu, Pb, Ni and As were below ERM and PEL value in investigated region. Concentration
of Cr was below TEL, ERL, ERM and PEL value in the investigated region (Table 10).

Table 10.Metal content of surface sediments (ug g*) and pore water (ug kg*) around
Trabzon harbor and its comparisons with reference values

Present study | Referance value | SQGe
Metal Pore water Sediment wQCa WASVP CCve TRvd ERL ERM TEL PEL
Cr 7.48+2.85 40.12+24.00 74.0 90.0 100 26.0 81.0 370.0 523 160.0
Cu 17.92+6.44 104.17+80.03 9.0 45.0 55 16.0 34.0 270.0 18.7 108.2
Zn 30.9247.99 145.24+67.20 120.0 95.0 70 110.0 150.0 410.0 124.0 271.0
Pb 22.28+7.05 70.58+27.41 25 20.0 125 31.0 46.7 218.0 30.2 1122
Ni 8.96+3.37 42.23+29.98 52.0 68.0 75 16.0 20.9 51.6 15.9 42.8
As 4.9311.44 24.19+17.32 150.0 13.0 1.8 6.0 8.2 70.0 7.2 41.6

SQG (US EPA)

Cr Cu Zn Pb Ni As
Non-polluted <25 <25 <90 <40 <20 <3
Moderately 25.75 25-50 90-200 40-60 20-50 3-8
polluted
Heavily polluted >75 > 50 > 200 > 60 > 50 >8

WQC Pore water chemistry, WASV worldwide average shale value, CCV continental crust values, TRV toxicity reference values, SOG
sediment quality guideline, ERL effect range low, ERM effect range median, TEL threshold effect level
PEL probable effect level, 2US EPA (2006), bTurekian and Wedepohl (1961), <Taylor (1964), 4US EPA (1999), eLong et al. (1998)

Spearman’s rank correlation was used to determine relationship between the metal values
in sediment and sediment pore water. As a result of Spearman’s rank correlation, there is
a meaningful correlation between Cr, Zn and Pb variables for p<0.05, but there is no
meaningful correlation with the other variables. Factor analysis used to varimax rotation
method was performed on metal values (sediment and sediment pore water) and
environmental parameters. In this analysis, three components were extracted which
explained about 93.5 % of the total variance, with the first component accounting for 53.7
%, the second component for 21.2 % and the third component for 18.7 %. The first
component, except for Ni in sediment pore water, includes eleven variables for metal both
sediment (Cr, Cu, Zn, Pb, Ni and As) and sediment pore water (Cr, Cu, Zn, Pb and As).
These eleven metals in the first component may represent anthropogenic sources,
because waste water of mining has a high amount of metals. The first factor's elements
(Zn and Pb) have been associated with motor vehicle emissions. Besides, Cu, Pb and Zn
are probably associated discharge of sewage, industrial inputs, and surface runoff in the
urban environment (Tang et al. 2008). The second component has been associated with
oxygen and the third component has been associated with temperature and salinity.
Environmental parameters such as temperature, salinity, dissolved oxygen and pH may
influence water chemistry and metal solubility (Fritioff et al. 2005).

When the stations were examined according to potential ecological risk index, the highest
values were found stations of D6 and D7 (Table 11). But, according to Indices and
classification of potential ecological metals contamination, the results of metal values were
determined as low risk at all study area.
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Table 11. Potential ecological risk of metal values according to stations

Metal Ei Er2 Ef Ef Ef Ef EZ E? E? RI
Cr 050 060 054 075 074 168 18 063 0.73 8.03
Cu 543 624 657 712 730 2468 2343 752 546 93.75
Zn 064 038 071 077 081 145 142 062 0.66 7.46
Pb 360 358 410 465 492 826 838 400 3.88 4537
Ni 3.14 292 321 390 423 1233 1059 366 356 47.54
As 9.40 8.20 11.13 13.40 12.60 36.33 35.10 10.10 8.93 145.19

8. Current Measurements and Modelling

8.1.Current measurements

Current measurement results were given for 4 different levels: Surface, maximum depth
and two intermediate levels. Current speeds and directions for the first measurements
were given as an example in the following graphs.

Google
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Figure 165. Surface current speed and directions for the first measurements
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Figure 167. Level 2 current speed and directions for the first measurements
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Google

Figure 168. Deep current speed and directions for the first measurements

8.2.Hydrodynamic Modelling

The hydrodynamic modeling was developed based on POMSED model Princeton Ocean
Model to simulate current speed, direction and sediment distribution by using. The
principal attributes of the model are as follows:

v It contains an imbedded second momentturbulence closure sub-model to provide
vertical mixing coefficients.

v It is a sigma coordinate model in that the vertical coordinate is scaled on the water
column depth.

v' The horizontal grid uses curvilinear orthogonal coordinates and an "Arakawa C"
differencing scheme.

v' The horizontal time differencing is explicit whereas the vertical differencing is
implicit. The latter eliminates time constraints for the vertical coordinate and permits
the use of fine vertical resolution in the surface and bottom boundary layers.

v' The model has a free surface and a split time step. The external mode portion of
the model is two dimensional and uses a short time step based on the CFL
condition and the external wave speed. The internal mode isthree-dimensional and
uses a long time step based on the CFL condition and the internal wave speed.

v' Complete thermodynamics have been implemented.

The turbulence closure sub-model is introduced by Mellor, 1973 and then was
significantly advanced in collaboration with Tetsuji Yamada (Mellor and Yamada,1974;
Mellor and Yamada,1982).
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8.2.1. The Basic Equations
Sigma coordinate system has been used for the basic equation. This coordinate system
is a bottom following Phillips (1957) or Blumberg and Mellor (1980,1987),

Figure 169. Sigma coordinate sistem

If internaland external conservative equations is translated from (x,y,z,t) coordinate system to
(x*,y*, o,t*) coordinate system,

, t*=1t,D = H + nand chain rule implemented ,

where

X,y,Z are the conventional Cartesian coordinates;
D =H + nwhere H (X, y) is the bottom topography
n(x, y, t) is the surface elevation.

Thus, arranges from ¢ = 0 at z = n to o = -1 at z = -H. After conversion to sigma
coordinates and delete of the asterisks, the basic equations may be written (in horizontal
Cartesian coordinates),

oG 0G 0G odD 1 0n
dx dx* 0o Bax*-l_ﬁax*
dG 0G 0G odD 1 0ny
3y 0y 90'Ddy" Doy
oG 190G
9z Dao
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oG 9G 0G 06D+16n
ot ot* do ‘Dot* Daot*

)

wheregG is an arbitrary area andz =n foro = 0andz = —H foro = —1

i ‘w=w— 9D 4 om D om_ (B0
vertical speed: 0 = w — Uwo — + — 00 Tay (0530

.Boundary conditions :

w(x*,y*0,t) =0, w(x*,y,-1,t") =0

8.2.2. 3-D Advection-Dispersion Equation for Sediment Transportation

ac, dUC avce oW —We.)C d ac 0 ac d ac
k K_I_ K_I_ ( S,K)K: (A k)+a_< k)+az< k)

at T Tax T oy oz ax \“H H oy H oz
Where,

U,V,W : 3-D velocity vectors

Cx : Sediment consantration
Ws x : Settlement speed
Ay :Horizontal diffusion
Ky : Vertical vorteksdiffusion

Boundary conditions :

ac
K —k=0 zZ -
H 5y ’ n

9Cs E.—D H
_ = —_ - —
HaZ k K'Z

E): Suspended sediment flux (resuspension)
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Dg:Settling flux rate
n : Depth (distance from sea surface )

H :Distance from sea bed

8.2.3. Settlement of Cohesive Sediments

Settlement rate of cohesive sediments depends on the settlement flux rate and their size.

According to KRONE, settlement of sediments are as follows:

D1=—Ws,161P1

1 Y w?
P,=1- —f e zdw
! V2T J oo
Tp .
Y = 2.04log [0.25( — 1)e107bmin]
bmin

where,

D, : Settlement flux rate

W 1:Settlement speed of the cohesive sediment

C; :Concentration of cohesive suspended sediment

P, :Probability of settlement

8.2.4. Re-suspension of Cohesive Sediment

Amount of sediment re-suspends are given with the following formula

- Ao (Tb — Tc)”
&\ 1,

where,
€:re-suspension potential

ay:constant depends on source
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T,;:time after deposition

Tp:Shear stress of the bed

T.:Critical shear stress

m, n :constants depends on environment

8.2.5. Calculation of critical speed
D, :Non dimensional parameter for motion

1

—1Dgol3
D* - l(sv—z)g] D50

where,

s:specific gravity
g:acceleration of gravity
v: Kinematic viscosity

Dsq:diameter of sediment

ICME-Trabzon Port

According to Shields criteria, critical sliding speed for resuspension is calculated as

follows:

1
Ui crbea = [(s — 1)gDso6., ]2

6.,-can be calculated as follows;

0 =024D;'D, <4

0., = 0.14D;°6%40 < D, < 10
0., = 0.04D791910 < D, < 20

0. = 0.13D;°2920 < D, < 150

0., = 0.055D, > 150
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Figure 170. Sediment diameter and settlement speed

8.2.6. Re-suspension of Non- Cohesive Sediment

_ (595 —qzCy)At
AxAy

E

where,
C,: Sediment concentration at minimum sigma level
At:time step
AxAy:Surface area

Dy = Ws,C,
where,
D,:Settlement flux rate of non-cohesive sediments
W ,:Settlement speed

C,:suspended sediment concentrationnear-bed
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8.3.Results of Current Measurements and Hydrodynamic Model

Insitu current measurements for each measurements were given for 4 different depths
(Surface, bottom, and 2 intermediate levels) and hydrodynamic model results for the same
depths are calculated and results were given in the following graphs.
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Google

Google

Figure 172. Level 1 current speed and directions for December2014 measurements
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Google

Figure 173. Level 2 current speed and directions for December2014 measurements
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Figure 174. Bottom current speed and directions for December2014 measurements
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ing graphs.

the follow

Current speed and direction modelling results of these modellings for December 2014are
given in
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Figure 176. Modelling of the Current speed and direction at level 1for December 2014
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Coastal Modelling of Trabzon Port and Degirmendere Area

Figure 177. Modelling of the Current speed and direction at level 2 for December 2014

Figure 178. Modelling of the Current speed and direction at level 4 for December 2014
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After hydrodynamic modelling of current speed and direction, sediment distribution
was modelled.

Figure 179. Sediment Distribution in Trabzon port area for December 2014
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Current speed and direction modelling results of these modellings for December are given
in the following graphs.

Google

Figure 181. Level 1 Current measurements for January2015 ,
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Figure 183. Bottomcurrent measurements for January 2015
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Figure 184. Modelling of the currents speed and direction for surface current for January

2015
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Figure 185.Modelling of the currents speed and direction for level 1 for January 2015
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Figure 186.Modelling of the currents speed and direction for level 2 for January 2015
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Figure 187.Modelling of the currents speed and direction for depth for January 2015
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Modelled sediment distribution for january 2015 is given at Figure 188.

Figure 188. Sediment distribution for january 2015

Google

Figure 189. Surface Current measurements the first measurements in February 2015,
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Figure 191. Level 2 Current measurements the first measurements in February 2015
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Figure 192. Bottom current measurements the first measurements in February 2015
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Figure 193. Modelling of the currents speed and direction for surface current
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Figure 194.Modelling of the currents speed and direction for level 1
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Figure 198. Surface Current measurements for the second measurements in February2015,

Google

Figure 199. Level 1 Current measurements for the second measurements in February
2015,
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Google

Figure 200. Level 2 Current measurements for the second measurements in February
2015

Google

Figure 201. Bottomcurrent measurements for the second measurements in February
2015
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Figure 202. Modelling of the currents speed and direction for surface current
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Figure 203.Modelling of the currents speed and direction for level 1
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Figure 204. Modelling of the currents speed and direction for level 2
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Figure 205. Modelling of the currents speed and direction for depth
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Figure 206. Modelled sediment distribution fort he second measurements fort he February
2015

Current measurements and modelling for the first measurements in March are given in
the Figures 207 -215.
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Figure 207. Surface Current measurements for first measurements in March2015,
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Figure 209. Level 2 Current measurements for first measurements in March2015
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Figure 210. Bottom current measurements for first measurements in March 2015
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Figure 211. Modelling of the currents speed and direction for surface current
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Figure 213.Modelling of the currents speed and direction for level 2
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Current measurements and modelling for the second measurements in March are given

in the Figures 226 -234
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Google

Figure 216. Surface Current measurements for the second measurement in March 2015,

Google

Figure 217. Level 1 Current mesurements for the second measurement in March2015
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Figure 218. Level 2 Current measurements for the second measurement in March 2015
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Figure 219. Bottom current measurements for the second measurement in March 2015
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Figure 220. Modelling of the currents speed and direction for surface current
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Figure 221.Modelling of the currents speed and direction for level 1
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Figure 223. Modelling of the currents speed and direction for depth
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Figure 224. Sediment distribution for March 2015

Current measurements and modelling for the first measurements in April 2015 are given
in the Figures 235 -243.

Google

Figure 225. Surface Current measurements for the first measurements in April 2015,
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Figure 226. Level 1 Current measurements for the flrst measurements in April 2015 |
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Figure 227. Level 2 Current measurements for the first measurements in April2015
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Figure 228. Bottomcurrent measurements for the first measurements in April 2015
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Figure 229. Modelling of the currents speed and direction for surface current
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Figure 230.Modelling of the currents speed and direction for level 1
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Figure 231.Modelling of the currents speed and direction for level 2
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Modelling of the currents speed and direction for depth

Figure 232

Figure 233. Sediment distribution for the first measurements in April 2015

Current measurements and modelling for the second measurements in April are given in

the Figures 244 -252.
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Figure 235. Level 1 Current measurements for the second measurements April2015,
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Figure 237. Bottom current measurements for January for the second measurements in
April 2015

Final Report




Coastal Modelling of Trabzon Port and Degdirmendere Area:TR09C1.01-02/298

ICME-Trabzon Port

Srs st s s
PP s st
S r s s,
SIS PPPLT L
FERRISLLS I P
s R LS LRLILLL L
PIAS s s

E S S P Sy
A SRR R N IR IR R BT
wetdl O HUEn S ..-:\\::\\H
sipant Sos weds PN e WL 0 KR,
SR L N WO
WAEeR G el i NN AR O
LAER AR D8 e o SRR SR A,
AR VAL vr s s NANCUN RN Ny
B O N N
CaaailrLiUALALAL AN LN
T3 R XN RN NN, KR, GG S VTR
r\\\\s\‘\\ LAN NN sy vt L
R A AT W
\\\-}\~\\\ Saea NN NA N U ULy
N N N J SRR
R S N S U R ey
LR NGRS
Yk TR 11 i
ST i PPNNTATTEIETES BRI
L Y
D N R A o
EANRV VAN v 2 N X K rem o NN C
D L T
B P A D R
CUUTTAN AT A S AU AN SONAN LY
waia CARNAN VRN SRS SRR
Cina COARONC NN ST L OO
S L B S R R
O O I R S SN NS
B R R Y
G R
Lt SUN SRR, NS VAR NSRS &
Lo 7 s LT RS L CR v S S i
........... S AR A
PN AN e ﬂ,;,
RN A
A vhnend LELE
VSRR $L
RSN e S o oo
IERSESNT s e =
e I R aE)
SuNNANvu s

O T R LA PR e

B e T e R I e I

IR I D D DD D R I )
SR R P PP R RN
B R B D D B I I A ]

R R R

Figure 238. Modelling of the currents speed and direction for surface current
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Figure 239. Modelling of the currents speed and direction for level 1
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Figure 241. Modelling of the currents speed and direction for maximum depth
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Figure 242. Sediment distribution for April

Current measurements and modelling for the first measurements in May are given in the
Figures 243 -251.

Google

Figure 243. Surface Current measurements for the first measurement in May2015,
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Figure 245. Level 2 Current measurements for the first measurement in May 2015
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Figure 247. Modelling of the currents speed and direction for surface current
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Figure 249. Modelling of the currents speed and direction for level 2
Figure 250. Modelling of the currents speed and direction for depth
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Figure 251. Sediment distribution for the first measurement in May 2015

Current measurements and modelling for the second measurements in May are given in
the Figures 252 -260.

Google

Figure 252. Surface Current measurements for the second measurements in May 2015,
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Figure 254. Level 2 Current measurements for the second measurements in May 2015
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Figure 255. Bottom current measurements for the second measurements in May 2015

Figure 256. Modelling of the currents speed and direction for surface current

239

Final Report



ICME-Trabzon Port

TR09C1.01-02/298

Coastal Modelling of Trabzon Port and Degdirmendere Area

EARRRN] CEER 1y
AN I A e e IS
AR N L R O PR S R RN
AN L R AR L v e n s

1

==

ALAARANAN L 1TV L L N 2.

L P S L AR R SUCVAN
B R A R,

D N O R
B |
FLab B EARSANRANRS, Ly

N
AEUL LI ALLULAR RS L L
A EULLLALLULAN A R L R

\
}
\
4
3
%
4
5
%

FILEULTU AR LA AR T T
FAT LUV UL LA L
L RN

\
y
\
\
4
v
\
4
3
4
1
1

N
ARANLEE L VULV ALK ARSI
B N e
N N N
B
FAAR A LU LA AR A R
FAARUEE UL LUANR RSN LR
B
B N

COvnan e AN |

B N
SNV R A R s gy
oMM RS T g b
AN RS el
L N N N N N R PP 3
o AR S 1A
SO
L S IR N S NS W
__:,ﬁ::,:::..,///5/5:::.
e RN
ARERMATTTTULY A AR e L
D T R RN BN NN

v
[N
i
“f
i

B I N N N e
B B N N I RN A N N S A iy
B S IO TR
B N I {2 AR S E O N R IO
heeraii Ut e R iy

R T A RS NR LAY

.:.rv.Z:/Lr///;/;//tyr
b see Do
m;::”»\v/.ﬂﬁ;ﬁ:,;
NE
mx”r./,, !
PR S R
e ih 1
NSRRI
”/Z\//z.f_ L“:: w
AN Assahet
W T TN b
AN ;/ NN
ARG N ///////////////// e
ARARLLLL AL G VR R R R Y L
AALLAAAAR L G VAR h
AARRRARERN A L CTNUNNUA R AR AR
RO RERER TN
RN
A AR AR
e IR e A

Livsontaanann

Ceriiacaiunaany

Sei

ALY

::,,.;:7/:7/////{,::7;5::«;/”1 i
|

\
R O R
R S S S AN |

R 3

EA N1 LN N NN N N N R R R R N R R RN R RN NN N NN N T

s

.

.

s /..::,:_?/;;,52,;,'
i
l

/£
2
7
»
’
7

Vs

L S

Figure 257.Modelling of the currents speed and direction for level 1
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Figure 259. Modelling of the currents speed and direction for depth
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Figure 260. Sediment Distribution

Current measurements and modelling for the first measurements in June are given in the
Figures 261 -269.

Google

Figure 261. Surface Current measurements for June 2015,
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Google

Figure 262. Level 1 Current measurements for June 2015,

Google

Figure 263. Level 2 Current measurements for June 2015
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Figure 265. Modelling of the currents speed and direction for surface current
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Figure 268.Modelling of the currents speed and direction for depth
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Figure 269. Sediment distribution for June 2015
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9. Scenarios

As agreed on the contract, 5 different scenarios were developed.First of all, maximum
sediment amount (maximum 489 mg/l measured in May 500 mg/l used in scenarieos) and
measured maximum flux rate (41 m3/s) for Degirmendere were taken into account in the
modelling and result for this calculation is given in the following graph.

2500

2000

1500

1000

500

Figure 270. Modelling results maximum flux rate and sediment amount for Degirmendere
river
As seen in the figure above although the sediment were found to be distributed scattered in front of
the river and Trabzon Harbor mouth, mostly accumulated on the eastern side of the river. This
result was compared with the pictures taken after a heavy rainy day in the region; pictures
for this day are as follows.
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Picture 7. Trabzon port after a heavy rainy day

As clearly seen in the pictures, sediment distribution calculated by the model is in good
agreement with the pictures. Especially, the first two pictures show the general sediment
distribution, sediment reaches half way of the port inside (until the bow side of the first ship
at the pier), modeling result at the figure 271 gives similar sediment distribution. Having
received this result from the modeling studies conducted, sediment amount was increased
10%, 25%, 50% and %100 according to the stated conditions, results for these modellings
are also given at the following graphs.

Figure 271. 10% increase in sediment amount

As seen from figure, sediment distribution remains the same but, amount increases
resulted a rapid fillings of harbor when 10 % increase in sediment amount implemented in
the model in the area.
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2500

Figure 272. 25% increase in sediment amount

Figure 274. 100% increase in sediment amount

As hydrodynamic conditions for all runs (10, 25, 50 and 100 % increase in the sediment
amount) are kept the same, only sediment amount were seen changed, general
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distribution remains the same, but the amount of sediment accumulated at the region
increased as the increment in the sediment amount goes up.

In order to model different sediment distribution, river flux rate and sediment amount kept
at maximum and wind directions were changed to see wind effect. Wind directions are
shown in Table 12.Results of these runs are also in Figures275-281.

Table 12. Wind directions

Wind Direction Abbriviation

West W —_>

Southeast SE ~

Southwest SW 7

Northwest NW N

Northeast NE yrd
East E <

North 1\
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Figure 275. Sediment distribution changes with time under W (West) wind direction
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Figure 276. Sediment distribution changes with time under SE (Southeast) wind direction
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Figure 277.Sediment distribution changes with time under SW (Southwest) wind direction

Final Report 252



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

Figure 278.Sediment distribution changes with time under NW (North west) wind direction

Final Report 253



Coastal Modelling of Trabzon Port and Degirmendere Area:TR09C1.01-02/298 ICME-Trabzon Port

- >
» e et ’0} ceoeo
e S @ - Q”é- .
° L4 &
Q.. ‘ .
& o> o TEEE=m, o ?}.-ﬂqw
<> <>
i T i -t

Figure 279.Sediment distribution changes with time under NE (Northeast) wind direction
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Figure 280.Sediment distribution changes with time under E (East ) wind direction
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Figure 281.Sediment distribution changes with time under N (North) wind direction
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10. Conclusions

The aims of this project was to investigate the effects of sediment brought by
Degirmendere on the port of Trabzonand its surroundings. In order to observe this effect,
All oceanographic parameters given in the contract were measured with supplied
quipments (the equipment supplied by the Contracting Authority) for stated time duration.
Firstly, water and sediment analysis were done. According to the results obtained,
the SEF of metals in the sediments around Trabzon harbor was: Pb > Cu > As > Zn > Ni >
Cr. The highest SEF, PLI and lceo values were determined for stations of D6 and D7
(Table 13). The SEF contamination categories were described by Ozseker et al. 2013 in
more comprehensive way. From this classification, SEF values of Cr and Ni were greater
than the threshold value of 1, none exceed 3, suggesting that level of pollution enrichment
was minor. SEF values of Zn and As were greater than the threshold value of 3, none
exceed 5, suggesting that level of pollution enrichment was moderate. SEF values of Cu
and Pb were greater than the threshold value of 5, none exceed 10, suggesting that level
of pollution enrichment was moderately severe. Trabzon harbor and coast are
contaminated by Cu, Pb, Zn and As as showed by enrichment factor greater than 4
(Table 13). Enrichment factor of Cr and Ni were classified minimal enrichment at all
stations, suggesting that Cr and Ni contamination do not seem to have a major impact

regarding pollution in the area nowdays.

Table 13. Values of SEF, Iceo and PLI of sediment around Trabzon harbor

) Value of SEF Value of lceo
Stations - - PLI
Cr Cu Zn Pb Ni As Cr Cu Zn Pb Ni As
D1 0.89 433 423 9.04 123 389 -260 -031 -035 0.75 -2.02 -0.47 0.84
D2 099 455 232 821 113 310 -2.32 -0.11 -1.08 0.74 -2.12 -0.66 0.79
D3 0.83 492 405 8.83 1.16 395 -247 -0.04 -0.19 094 -199 -0.22 0.94
D4 1.09 460 4.16 945 133 450 -199 0.08 -0.06 1.12 -1.71 0.04 1.12
D5 1.13 497 455 1056 152 445 -2.03 0.11 -0.02 120 -159 -0.05 1.14
D6 227 1482 7.20 1562 392 11.33 -0.84 1.87 0.83 195 -0.05 1.48 275
D7 257 1441 7.23 16.24 345 11.20 -0.69 180 0.80 1.97 -0.27 143 0.97
D8 092 484 333 813 125 337 -224 0.16 -039 090 -1.80 -0.37 0.97

D9 110 368 370 8.23 127 312 -2.05 -0.30 -0.30 0.86 -1.84 -0.54 0.92

Metal concentrations in sediments and pore water of Trabzon harbor were also compared
with harbor sediments reported from different areas of the world. Concentration of Cu was
higher than Tolo, Guam and Sardinia harbors but lower than the Naples and Rijeka
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harbors. The concentrations of Zn were higher than Tolo and Sardinia harbor but lower
than Naples harbors (Schintu and Degetto 1999; Owen and Sandhu 2000; Adoma et al.
2005; Cukrov et al. 2011). Results of this study compared with Rize harbor which is
Southeastern Black Sea region, metal concentrations of this study were higher than Rize
harbor sediments (Gedik and Boran 2013). In this study, the highest metal concentrations
were determined in D6 and D7 stations which were in the inner harbor and water
circulation was not well enough. Metal concentrations in sampling area decrease in the
order D6 > D7 > D5 > D4 > D8 > D3 > D9 > D2 > D1, respectively, for sediment and
sediment pore water. Except for the element of Ni, it was determined that there was a
meaningful relationship between concentrations of sediment and pore water. Besides, it
was found that temperature, salinity and dissolved oxygen, which are the environmental
parameters, had an effect on metal concentrations. Based upon the results from this study,
according to SQG, Cu, Pb, Zn and As can be considered as contributor to toxicity around

the Trabzon harbor.

Then, a mathematical model was developed to investigate the hydrodynamic flow around
Trabzon port and surroundings.According to the the contract, 5 different scenarios and
their effects were investigated by using mathematical hydrodynamic model.

As seen in the Figures 272 to 275, after a heavy rain and NW wind,sediment
accumulations were seen on the entrance of harbor, on the breakwater and inside of small
harbor. As graphics shows that there is no change in sediment distribution with the amount
of sediment. Then, wind direction were changedaccordingly (Table 9). Results of these
runs illustrates that in all wind conditions, sediment reaches the middle of the port and fills
the small harbor.

The following assumptions are made to calculate when unfilling operation could became

necessary.
»  Sediment amount transferred by the Degirmendere is constant and 489 mg/I.
»  Total rainy day is 140 days in a year, and all rains assumed to be heavy rain.
»  Accumulation rate is constant (Sediment size and settlement speed are unchanged)
» The maximum draft of a ship comes to Trabzon port assumed to 9 m. and

minimum 1 m clearance.
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» Unfilling operation is necessary when depth at any point decreases 10m.

Under the assumptions made, from the results of simulations approximately 2.4 cm
of sediment accumulates at the entrance of the Trabzon portin a year. As a result of
this calculation and depth contours of Trabzon port (Figure 282) , it can be
concluded that unfilling operation for the main entrance has to be carried out in
every 25 years taking into account the maximum draft of the possible incoming
ships. Additionally, simulations results showed that small harbor will be filled in a

shorter time period approximately in 15 years.

§ \70

Figure 282. Depth contours of Trabzon port

A 10% increase resulted 2.6 cm decrement in a year at the depth of the mouth of the
Harbor concerned, which makes unfillings operations necessary in the area approximately
in 22 years. However, 25 % increment in sediment amount makes 2.84 cm decrement at
the depth resulting unfillments operation necessary in 21 years. When a 50% increase is
the case, decreased in depth calculated as 3.22 cm per year,

The minimum required depth for the incoming ships will be 18.5 years approximately that
means for the ships with maximum allowed draft will not be possible to enter into the
harbor .Finally, when the sediment is increased 100%, calculations showed that 4.2 cm
sediment accumulates at the enterance of the port, this would make unfilling operation
necessary in every 13.9 years.

When the fishing port taken into the consideration, sediment distribution can only reach the
mouth of the port and enter into the area depending on the wind conditions, eg., E and NE
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directions. For the stated assumptions on which all the scenarios developed it can be
concluded that fishing port is not under severe risk of sediment fillings.
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