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ENITEAIKH 2YNOYWYH

H Apxn Ainévwv Kotrpou mrpoypapuartiCel Tnv emékTaon Tou Aipéva Agpeocol —

TeppaTikd 2 (BaolAikd) TTpog Ta avaToAIKA.

MNa TRV UAOTTOINGN TNG ETTEKTAONG QUTHG ATTAITOUVTAI CNPAVTIKEG BUBOKOPROEIG,
ol otroieg Ba yivouv e Tnv xpron €idikoU eEommAiIcpol BuBokdpnong yia
eKTIHWpEVN TToodTNTa 2,690,000 m® . Ma Tnv amdppiyn Twv BuBOKOPNPATWY
TIpoTeiveTal onueio ammdppiyng, Ye ouvreTayuéveg 34° 39.210'N, 33° 18.928'E.
H TTepioxh Twv BuBokoprnoewv XwpPIioTnKe o€ TPEIS (UveS PAon TN TewTEXVIKA
MeAETN, n otroia KaBOPIoE XAPAKTNPEIOTNKA ICAKATOG yia TNV KABe Cwvn. To
onpeio amébeong Twv BubBokopnudtwy TTANPEOI TIg TTpoUTToBEoEIS BABoug (200
m), éxel amoéoTaon Trepirou 7200 m amd TNV akTh Kal eu@avifel TTOAU HIKPEG
TaxutnTeg peupdatwy (0,075 m/s). H didragn Tng ekpong Bewpeital 6T yiveTal
ota 185 m amd Tov TTUBuEva e diaxuThpa diatoung 1 m, o€ KatakdpuPn ywvid
-90 kai opifévtia 0 poipeg, ye duvatoTnTa didbeong amo YEpog Twv BuBokdpwy
(Dredgers) 5000 m® ot 1.5 Wpeg (0,926 m®/s) pe ouykévipwaon oTepéwy 200
Kg/m?®.

Ao Ta amoteAéopata TNG MEAETNG OIATTIOTWVETAI OTI N APXIKA a1mdbeon
AapBavel xwpa apkeTd TTANCiov TG TTNYNG EKTTOPTAS (=50 m), evw pévo T0
0,02 % TnG POoNAGg atropével o€ ammOOTAON PEYoAUTEPN a1rd Ta 290 M KATAvVTN,
oto OuopevéoTtepo oevdaplo. Kal yia TIg Tpelg {wveg e PETABANTA
XOPAKTNEIOTIKG Ta atroTeAéopaTa gival TTapduola, KaBwG Ol I00PUTTAVTIKEG
KAUTTUAEG ouykévipwong Twv 0.5% oev umepfaivouv 1a 21 pétpa yia
oTrolavOATToTE aTTd TIG TTPoavVaPEPBeioes (wveg. Mia TTpwToyevhG atrdBeon Ba
AGBel xwpa Kovid otnv TNyR péoca oc mepitou 3.5 AeTTTd, kKaBwg 6Aa Ta
XOAIKIO Kol Ta TEPdYIa TTOU TTEPIEXOVTAI OTN POr IAUOG aTtTeAsuBepwvovTal
auéOowG, akoAouBoupeva atrd TNV ammobeon MEPOUG TNG OUVOAIKNAG PONAG
TepiTrou 50 pétpa pakputepa. H duuog Ba eival 1o deuTepo KAGoua Tou Ba
OTTOMAKPUVOE TTANPWG aTmd Tn por PAJAg TTOU TTOPOUEVEI, KAl ATTOTIOETAI
mepirou 88 pétpa pakputepa ( Katd Tnv KateuBuvon X) yia TO UAIKO TTOU
TTPoEpXETal aTTO OAeG TIG {wves. Mia deutepoyevhg KataBubion 1AUog Ba AdBel
Xwpa o€ ammooTdoelg heTagu 100 péTpwyv yia OAeg TG {wveg, Kai 290, 265 kai

250 pétpa (katd TNV KatelBuvon X) yia Tig Zwveg 1, 2 kai 3 avTioToixa,
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aTTOBETOVTAG TNV TTAEIOVOTNTA TOU QIWPOUMEVOU ICANOTOC PECQ OTNV TTEPIOXA

atd 150 éwg 190 pETpwy Kal TTEPITTOU 0€ 1 Wpa Kal 7 AeTTTA.

H TTapakdTw €IkOva TTapouciddel To DUOPEVECTEPO OEVAPIO ATTOBEONG KATA TO
OTT0iI0 N TTAEIOVOTNTA TOU KATORUBIOPEVOU UAIKOU EKTEIVETAI PEXPI QTTOOTACN

290 m, yia xpovikr] didpkela ekpong 1 wpa kai 30 AeTTTd.
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ZUuTTEPOAOUATIKG, N a1rdbeon Twv UAIKWY BuBOKOoprioewv OTO TTPOTEIVOUEVO
XWPO XAPAKTNPICETAI KUPIWG aTTO TA OPXIKA CUMTTAYH TEMAXIA, TTOU @TAVOUV
oT1o BuB6 akapiaia. H TAciovoTnTa (99.98%) TNG PONG IAUOG evaTroTiBeTal OTOV
TUBPéva Péoa o€ pia wpa Kal Oéka AETTTA, o€ PEyIoTn atméaTacn 290 péTpwy

aTTd TNV TNV, YIO TO XEIPOTEPO EVOEXOUEVO TTOU TTAPATNPAONKE.

2UVETTWG, OUPOWVA HE TA TTAPATTAVW, N amobeon Twv UAIKWY BuBokoproswv
TTOU TTPOEPXOVTAl OTTO AUTEG TIG TPEIG WVEG Ba €xEl TTEPIOPICHUEVO AVTIKTUTTO
OTO TOTTIKO TTEPIBAAAOV Kai Tn BIOTTOIKIAGTNTA, AGYW TOU TTEPIOPICHEVOU XPOVOU
TTAPAPOVAG TOUG OTa avwTepa  eTTimeda TG OTAANG vepoUu Kal  TNG

TTEPIOPIOUEVNG XWPIKNAG TOU £KTAONG.
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1.

INTRODUCTION

The Cyprus Ports Authority is planning to expand the Limassol Port - Terminal

2 (Vassilikos) to the east.

This will include necessary dredging operations which will be carried out for the
creation of the new eastern port basin, the foundation trenches for the new
quaywalls, and for the approach channel.

Dredging will be carried out using specialized dredging equipment.

The removal of loose material will be carried out using a trailing suction hopper
dredger. The operation of the dredge shall include the sinking of the suction
pipes to the required depth and the suction of the loose dredged material which
shall be discharged into the dredge storage tank. When the storage tank is full,
the suction head is placed on board the vessel and the dredger moves to the
predetermined disposal area where it deposits the material through the vessel
floor doors. The dredger shall return to the dredging area empty for the same

production cycle.

Dredging of cohesive materials is performed by a floating crane equipped with
a dredge bucket that drops to the bottom, detaches pieces of cohesive
materials and dumps them onto an adjacent barge that transports them to the

dumping site where it dumps the material from its floor doors.

The following operations are necessary for the disposal of dredged material in
a marine area:

- Conducting chemical analyses of the excavated material to determine its
content of hazardous substances e.g. heavy metals and its suitability for
disposal in the marine environment.

- ldentification of the necessary marine site which complies with all the

provisions of international treaties for the disposal of dredged material.

The disposal at sea has significant advantages over disposal on land, namely:

7
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e ltis less time-consuming in terms of the period of disposal of the dredged
material
e |t presents lower economic costs

e It avoids negative impacts on the local man-made environment

Regarding the chemical analyses of the sediments, the analyses carried out as
part of the implementation of the Special Background Survey (EBS) study and

reported in the next chapter indicate that the material is at acceptable levels.
The proposed disposal area (34° 39.210'N, 33° 18.928'E) is shown in the figure
below and is located south of the harbour and approximately 7.2Km from the

shore.

In addition, this chapter presents the following simulation model results for the

dispersion of sediment-estimated to be approximately 2,690,000 m?® - during

Google Earth A
N

Figure 1 Proposed site (by the Fisheries Department) for disposal of dredging

material.

Dredged material discharge simulation - Dispersion model

This chapter has considered the quantitative assessment of sedimentation and

mixing during the disposal of dredged material from dredging processes. The
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spatial extent of the sediment and the concentration of sedimentary material
were estimated. This assessment leads to useful conclusions on the potential

environmental impacts of the disposal processes.

The Cornell Mixing Zone Model (CORMIX) Version 10.E (Doneker and Jirka,
2007), developed by Cornell University on behalf of the US Environmental
Protection Agency (USEPA), is used for the calculations. CORMIX is the
USEPA-recommended tool for analysing impacts of waste discharge to water
bodies (USEPA, 1991a,b). At the same time, it has been applied and calibrated
for a range of hydrodynamic conditions on which predictions are made.
Comparison with field measurements and laboratory experiments has shown

that CORMIX predictions are reliable in the majority of cases (Jirka, 2004).

CORMIX incorporates a suite of hydrodynamic mixing and sediment dispersion
models from excavation processes (Purnama et. al., 2016). To select the
appropriate mixing model(s), it applies a set of rules based on the
characteristics of the disposal system and the receptor. That is, it has the ability
to identify the hydrodynamic conditions in the discharge area, evaluate the
predictive ability of the hydrodynamic models and select the appropriate ones.

The discharge of dense (high sediment concentration) material leads to
submergence until the bottom with simultaneous dilution of the plume by the
surrounding water. The material is then dispersed on the bottom, forming a
layer, which is diluted by water infiltration and resuspension of sedimentary

material.
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2. ENVIRONMENTAL DATA — ASSUMPTIONS

The following table (Table 1) contains information about certain parameters:

1. Effluent Discharge: This refers to the volume flow rate of the liquid being
discharged. In this case, it is 0.926 cubic meters per second (m?3/s). This
parameter is crucial in understanding the rate at which the liquid is released.

2. Temperature: The temperature of the effluent is given as 20 degrees Celsius
(°C). Temperature is a key factor as it can influence the behavior and
characteristics of the liquid, such as its viscosity and density.

3. Density: The density of the liquid is provided as 1270.08 kilograms per cubic
meter (kg/m3). Density is a measure of mass per unit volume and is an

important property in fluid dynamics.

Table 1 Effluent characteristics.

Parameter Value
Effluent Discharge 0.926 m*/s
Temperature 20°C,
Density 1270.08 kg/m®

Table 2 Environmental characteristics. , contains information related to the

environmental characteristics.

1. Depth at Discharge: This parameter indicates the depth at which the fluid is
being discharged and is specified as 200 meters. The depth is a significant
factor in understanding the vertical extent of the fluid flow.

2. Bed Slope: The bed slope is given as 1.6%. Bed slope refers to the
inclination or gradient of the bed or bottom surface of a channel through
which the fluid is flowing. It is expressed as a percentage in this case.

3. Current Velocity: This parameter specifies the velocity of the fluid current
and is given as 0.075 meters per second (m/s). Current velocity is a critical
parameter in fluid dynamics as it describes the speed at which the fluid is

moving.

10
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Table 2 Environmental characteristics.

Parameter Value
Depth at Discharge 200 m
Bed Slope 1.6 %
Current Velocity 0.075 m/s

2.1. Data - Assumptions — Dredged Material and Disposal System

The Dredged material composition was derived by consulting the Final Report
on Geotechnical Investigation at the Site of the Proposed Extension of the
Existing Breakwater of Vasiliko Port, Terminal 2 (Vasiliko) Tender No. 1/2017

Volume 1.

According to the above report the Dredged area is divided in 3 zones, which in
turn are characterized based on the geotechnical cross sections provided in the
report.

The area to be dredged is shown is Figure 2

Table 3 Soil types present in the site and their percentage correlation with
CORMIX available choices.

Soil Class in the

study area Gravel/Chunks Sand Silt Clay
Coarse Soils 58% 25% 9% 8%
Loose Soils 17% 62% 22% 0%
Marl 90% 1% 6% 3%
Fine Soils 6% 47% 42% 6%

11
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Figure 2 The separation of the dredging area in to 3 zones, Zone 1 is
represented by the Cyan hatch, Zone 2 by the Red and Zone 3 by the Yellow
hatch.
Table 4 Soil types percentages present in each designated Zone.
Zone 1 BH8- Zone 2 BH7- Zone 3 BH2-
Soil Class BH11 BH5 BH4
Coarse Soils 59.0% 0.0% 22.4%
Loose Soils 5.6% 12.7% 0.0%
Marl 21.0% 65.0% 55.3%
Fine Soils 14.4% 22.3% 22.3%
Note: All silt is assumed as Fine Silt as there is no criteria to categorize it in to
Coarse and Fine.
Table 5 CORMIX soil class percentages per Zone.
Soil Class Particle Size | Settling Zone 1% Zone2% | Zone 3%
(mm) Velocity
(m/s)
Chunks >2 Instantly 54.8 61.8 64
Sand 0.062 -2 0.31x10* 25.5 19 16.8
Coarse silt 0.016 — 0.062 0.42x10°® 0 0 0
Fine silt 0.004 - 0.016 0.26x10™ 135 16.2 14.7
Clay < 0.004 0.65x10-6 6.2 3 4.6

12




POI'KAN AAK- EIIEKTAXH AIMENA AEMEZOY-TEPMATIKO 2 (BAZIAIKO)
TOYMAZHX ITAPAPTHMA 5 - MEAETH AIAXTIOPAY BYOOKOPHMATQN

20.12.2023
1184-A5-E1

Table 6 Discharge characteristics.

Parameter Value
Port Diameter 1m
Vertical Port Angle -90°C
Horizontal Port Angle 0°C
Discharge Depth 185 m
Shoreline Distance 7200 m

13
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3. RESULTS
3.1. Zone 1:

Zone 1 is represented by the cyan area in Figure 1, while below the series of images depict
the plume dispersion in the Near and Far Field Regions (NFR/FFR). The plume at the end
of NFR (286 m) will reach a width of 500 m and thickness layer of around 9 m within 0.98
hours. While within 29.18 hour the plume will have reached the end of the FFR (10,000 m)
and will have a width of 1500 m and a layer thickness around 5 m.

<
700 +

ety ¢

. " ———r PP MR
SBD0 400 ABE SJUD  SFU0 900 ] Wl 00 J00 400 500 SO0  TOD
0+
200 ¢

500 4

500+

Decronge Exce : A A .

Figure 3 Y-X view of the plume in the Near Field Region (NFR).
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Figure 4 X-Z view of the plume in the Near Field Region.
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Figure 5 3D plume view of the Far Field Region (FFL).

In Figure 4 we can observe the plume undertaking a rather steep dive towards the sea
bed, reaching the bottom around the 35 m mark in the X (downstream) direction. While

15
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upstream intrusion will be encountered, spanning at a distance of around 440 m upstream,
with a half width of 500 m.

Vassiliko_Zone1_HSD_Disposal.prd

Flow Class: V3 Concentration Excess Isolines

5%at24m
5 1% at9.9m
05%at178m
————— NFR
6 + Discharge point
—_ 4
E
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3 2
c
]
g 0.500
= 0+
@
ki
-2
4
-6
-8
0 10 20 30 40 50

Plume Centerline Trajectory X (m) ->

Figure 6 Isolines of excess soil concertation, 5%, 1%, 0.5%.

The Figure above depicts the spatial extent covered by the plume for three different states of
plume concentration 5 %, 1 % and 0,5 %. These are encountered at 2.4, 9.9 and 17.8 m
respectively and present the low spatial extent of the plume after its disposal at the site, due to

the very low ambient current velocity.
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Figure 7 Deposition of total material in Kg/m?, in the X - Y directions.

The figure above presents the mass loading in Kg/m? of material with the discharge point

represented as a cross. It can be observed that the vast majority of the material will be

deposited from the plume within about 290 m in the X direction and at a half-width of 250

m.

17



w

POT'KAN AAK- ETTEKTAZH AIMENA AEMEZOY-TEPMATIKO 2 (BAZIAIKO) 20.12.2023
TOYMAZHE TTAPAPTHMA 5 - MEAETH AIAZITIOPAY BY@OKOPHMATON 1184-A5-E1
4.5
4
;n: - I3
3
s 3
o
>
(¥ 8 )
e 2.5
S
S
@ 2
(=]
=
o
Qs
1
0.5
(8
2 4 G 8 10 12 14 16 18 20
Plume Downstream Distance (m)
Figure 8 Concentration excess % versus Downstream Distance X (m).
1 : =
| \
039 ' "
= | | ¢
£ 08 \
> \
x -
—= 0.7
S
% 06
E Ja'v'
g 0.5 Fine Silt
o
= Sand
o 04
A Chuncks
E=
“._)
=)
c
=
a
&

Plume Centerline Trajectory Distanc

o w

Figure 9 Suspended soil concertation per class, in Kg/m®versus the plume centreline

trajectory in meters.
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3.2.

In Figure 8 a rapid decrease in the plume concentration is observed with a few meters from
the outfall. Notably after 10 m and 16 m in the X direction the plume’s concentration falls
below 1 and 0.5 % respectively.

In Figure 9 the suspended sediment concentration (Kg/m?®) per sediment class is depicted
along the plume’s centreline trajectory. As expected, the chuncks leave the plume
instantaneously, followed by sand at around 88 m in the X direction, while fine silt, clay and
consequently the total concentration drop below 0.1 Kg/m?® past the 200 m mark. Although
after 300 m the concentration drops below 0.05 Kg/m?® and decreases very smoothly until

the end of the FFR, reaching around 0.01 Kg/m? for fine silt.

Zone 2

Zone 2 is represented by the cyan area in Figure 2, while below the series of images depict
the plume dispersion in the Near and Far Field Regions (NFR/FFR). The plume at the end
of NFR (263 m) will reach a width of 450 m and thickness layer of around 10 m within 0.89
hours. While within 29.25 hour the plume will have reached the end of the FFR (10,000 m)
and will have a width of 1500 m and a layer thickness around 5 m.
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Figure 10 Y-X view of the plume in the Near Field Region (NFR).
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Figure 11 X-Z view of the plume in the Near Field Region.
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Figure 12 3D plume view of the Far Field Region (FFL).

In Figure 11 we can observe the plume undertaking a rather steep dive towards the sea
bed, reaching the bottom around the 37 m mark in the X (downstream) direction. While
upstream intrusion will be encountered, spanning at a distance of around 370 m upstream,
with a half width of 450 m.
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Figure 13 Isolines of excess soil concertation, 5%, 1%, 0.5%.

The Figure above depicts the spatial extent covered by the plume for three different states of
plume concentration 5 %, 1 % and 0,5 %. These are encountered at 2.6, 11 and 19.9 m
respectively and present the low spatial extent of the plume after its disposal at the site, due to

the very low ambient current velocity.
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Figure 14 Deposition of total material in Kg/m?, in the X - Y directions for 1,5 hours.
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The figure above presents the mass loading in Kg/m? of material with the discharge point

represented as a cross. It can be observed that the vast majority of the material will be

deposited from the plume within about 265 m in the X direction and at a half-width of

around 350 m.
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Figure 15 Concentration excess % versus Downstream Distance X (m).
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Figure 16 Suspended soil concertation per class, in Kg/m®versus the plume centreline
trajectory in meters.

In Figure 15 a rapid decrease in the plume concentration is observed with a few meters

from the outfall. Notably after 10 m and 17.5 m in the X direction the plume’s concentration
falls below 1 and 0.5 % respectively.
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3.3.

In Figure 16 the suspended sediment concentration (Kg/m?) per sediment class is depicted
along the plume’s centreline trajectory. As expected, the chuncks leave the plume
instantaneously, followed by sand at around 88 m in the X direction, while fine silt, clay and
consequently the total concentration drop below 0.1 Kg/m?® past the 200 m mark. Although
after 300 m the concentration drops below 0.05 Kg/m?® and decreases very smoothly until

the end of the FFR, reaching around 0.01 Kg/m? for fine silt.

Zone 3

Zone 3 is represented by the cyan area in Figure 2, while below the series of images depict
the plume dispersion in the Near and Far Field Regions (NFR/FFR). The plume at the end
of NFR (236 m) will reach a width of 436 m and thickness layer of around 10 m within 0.86
hours. While within 29.32 hour the plume will have reached the end of the FFR (10,000 m)
and will have a width of 1500 m and a layer thickness around 4.62 m.
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Figure 17 Y-X view of the plume in the Near Field Region (NFR).
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Figure 18 X-Z view of the plume in the Near Field Region.
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Figure 19 3D plume view of the Far Field Region (FFL).

In Figure 18 we can observe the plume undertaking a rather steep dive towards the sea
bed, reaching the bottom around the 33 m mark in the X (downstream) direction. While
upstream intrusion will be encountered, spanning at a distance of around 350 m upstream,
with a half width of 436 m.
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Figure 20 Isolines of excess soil concertation, 5%, 1%, 0.5%.

The Figure above depicts the spatial extent covered by the plume for three different states of
plume concentration 5 %, 1 % and 0,5 %. These are encountered at 2.7, 11.4 and 20.4 m
respectively and present the low spatial extent of the plume after its disposal at the site, due to

the very low ambient current velocity.
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Figure 21 Deposition of total material in Kg/m?, in the X - Y directions.

The figure above presents the mass loading in Kg/m? of material with the discharge point
represented as a cross. It can be observed that the vast majority of the material will be
deposited from the plume within about 250 m in the X direction and at a half-width of
around 360 m.
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Figure 22 Concentration excess % versus Downstream Distance X (m).
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Figure 23 Suspended soil concertation Kg/m®versus the plume centreline trajectory in
meters.

In Figure 22 a rapid decrease in the plume concentration is observed with a few meters
from the outfall. Notably after 11 m and 20 m in the X direction the plume’s concentration
falls below 1 and 0.5 % respectively.
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In Figure 23 the suspended sediment concentration (Kg/m?®) per sediment class is depicted
along the plume’s centreline trajectory. As expected, the chuncks leave the plume
instantaneously, followed by sand at around 88 m in the X direction, while fine silt, clay and
consequently the total concentration drop below 0.1 Kg/m? past the 200 m mark. Although
after 300 m the concentration drops below 0.05 Kg/m?® and decreases very smoothly until

the end of the FFR, reaching around 0.01 Kg/m? for fine silt.
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CONCLUSIONS

The results for the three Zones of varying soil characteristics prove to be quite similar, as
their percentage concentration isoline of 0.5 % does not exceed 21 m for any of the Zones
mentioned above. A primary deposition will take place near the source within about 3.5
minutes, all the gravel/ chunks contained in the sediment flux are shed instantaneously,
followed by deposition of a portion of the total flux around 50 m, sand will be second class
to fully leave the mass flux remaining, deposited at around 88 m downstream (X direction)
for all Zones. A secondary sediment shedding occurs between 100 m for all Zones and
290, 265, and 250 m (X direction) for Zones 1, 2 and 3 respectively, depositing the majority
of suspended sediment within the 150 to 190 m area and 1 hour and 7 minutes

approximately.

Concluding, disposal of the dredged sediments at the proposed site is characterized by the
initial heavy sediments reaching the sea bed within a few minutes, the majority (99.98 %)
of sediment flux is lost within an hour and ten minutes, at a maximum of 290 m from the
source for the worst case observed. Therefore, according to the above, disposal of
sediments from these three Zones will have limited impact on local environment and
biodiversity, due to their limited residence time in the upper levels of the water column and

their limited spatial extent.
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