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ABSTRACT 

The flushing study is very important part to ensure the water quality and check the preliminary layout of the project to 

circulate and renewing the water body with adequate time. This research describes how to integrate engineering and 

environmental aspects into the planning with extensive use of numerical Hydrodynamics (HD) models by using MIKE 

21 software. A parametric study of different parameters which affect the residence time hence the water quality in lagoons, 

marinas, harbors and coastal basins was carried out to establish guidelines for improvement methods of water flushing in 

marinas and lagoons. Finite element conceptual models are applied to simulate and investigate the most important factors 

dominate the resident time and water exchange rate such as tidal inlets characteristics (number-location-width), the shape 

of water body, basin dimensions and tidal variations. Data of water level variations used in simulations are collected based 

on the conditions of fishery ports and lagoons along Egyptian coastal line in both Mediterranean and Red sea. In this 

study, a wide range of numerical simulation (more than 50 HD models) with different geometry boundary conditions 

were conducted. The results showed that the square shape of water surface area is more efficient in water circulation 

improvement for small water body areas. While, as the area required increased, the rectangular water surface efficiency 

in water circulation improvement become closer to the square shape with same surface area. The inlet width and its 

location should be determined wisely to achieve the optimization of its function. Finally, the results showed that as the 

values of the sea level variations increased the maximum flood current velocities at the entrance increased. In addition, 

the flow spreading efficiency increased with the higher water level values over the whole water surface regardless of the water 

depth. 

KEYWORDS: Flushing; Residence time; Tidal current; Advection-Dispersion; Water Quality; Water Circulation; 

Hydrodynamic model; Tidal Prism. 

1. INTRODUCTION 

The continued growth of population in the world with 

increasing desire to live at the coast implies that the 

currently recreational and commercial coastal develoment, 

such as resorts, artificial islands, ports, marinas, and 

coastal lagoon, will not satisfy future demand which lead 

governments to put large investment on these kind of 

coastal projects. These kind of projects need environmental 

review and management planning wherein the importance 

of water quality assessment has become more essential 

than before. The water quality in a semi closed water body 

(port, marina, lagoon) is controlled by the rate and 

efficiency of water exchange between the water body and 

open sea water and the ability to flush out the trapped 

pollutants (Juhl and Gierlevsen [11]; Miller, et al., [14]). 

The coastal projects and lagoon development should be 

subjected to environmental impact assessment to ensure 

that there is no harmful impact reflection on the 

environmental conditions of the development area. This 

assessment is carried out using accurate simulation by  
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collecting long term meteorological and environmental 

data beside the expected conditions of the planned 

development. Environmental impact assessment and 

coastal management studies using numerical models helps 

the coastal engineers to analyze and check the 

environmental and coastal problems to prevent the 

predictive hazards with a minimal amount of errors. The 

most useful advantage of numerical solution is the ability 

of changing the input parameters easily and observing the 

consequences to find the optimized solution (Simmons, et, 

al. [10]).  

This study aims to define the parameters that affect the 

flushing process in semi-closed water body in order to 

enhance the water quality inside marinas and coastal 

lagoons. The flushing time should be optimized to achieve 

the efficient circulation of the water body considering the 

other parameters. 

The most dominated Flushing parameters such as water 

surface area, basin geometry, tidal level variation, inlet 

characteristics, water depth, and approach channel are 

considered in this study. 

There are two ways to simulate such conditions, by using 

physical and numerical models. The physical way models 

are much more expensive comparing with the numerical 

models (Blacka, et al., [13] and Pual, [14]). According to 

the continues development in software and computer 
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technology, the using of numerical models become more 

preferable than before due to the high accuracy of result 

obtained with low cost and time comparing with physical 

models. Furthermore, numerical models help the coastal 

engineers to change the input parameters easily and 

observe the consequences to find the optimized solution 

(Simmons, et, al., [10]).  

More than 50 different scenarios were numerically 

simulated using MIKE-21package, Developed by the 

Danish Hydraulic Institute DHI, (Klein, [12]). The 

boundary conditions and input data used in simulation 

were carefully collected to match with the conditions of the 

coastal zone of Mediterranean Sea and Red Sea along 

Egyptian coasts. 

The study will set guidelines for planning of a semi 

closed water body like marina, port, and man-mad island 

that optimize the residence time to improve water quality. 

These guidelines will also include lagoons development 

strategies.  

1.1. Flushing Definition 

In basic sense and simple way, flushing is a physical 

exchange in a specific volume of water between one water 

body and another, typically regarded as the connected 

water body, existing or surrounding water. The fluid 

medium carries the mix of dissolved gases, nutrients, 

organisms, and suspended material comprising the aquatic 

environment. The hydrodynamic processes which 

transport the water and its constituents is considered the 

key to understand the flushing system (Dyke, [6]). 

It is often difficult to measure the flushing time, time 

needed to renew water inside a semi closed water body by 

feeding new water from connecting sea. Therefore, it 

should be estimated by appropriate models (Kusnierz, et 

al., [17]; Ranasinghe and Pattiaratchi, [18]).  

The most common way to assess the flushing is to model 

the numerical tracer in the interest area. This tracer is 

introduced in the model after the initial spin-up period and 

cover area of the study. The tracer is being dispersed with 

current induced by water level variation. The time it takes 

to disperse the tracer to a certain percentage of the initial 

(100%) concentration is defined as the flushing/ residence 

time of the area. (Goshow, et al., [9]). 

 For example, Thomann and Mueller, [20], in the well-

known form, write the change in concentration (mass / 

volume) with time: 

𝐶𝑡 = 𝐶0  {𝑒(
−𝑄𝑡

𝑣
)} = 𝐶0  {𝑒

(
−𝑡

𝑇𝑓
)

}                    (1) 

Where Co is the initial concentration, Ct is the 

concentration at specific time t. Q is the continuing flow 

rate, v is the water volume and Tf is flushing/residence time 

(Nece, and Richey, [16]). 

Water inside a semi-closed body is refreshed by three 

processes advection, dispersion and diffusion. Advection is 

the process of horizontal movement of flow when the water 

level rises in the area around the water body due to tidal 

variation. Dispersion is induced by differences in current 

velocities vertically, but it is not a dominated parameter in 

flushing processing and that can be understood clearly 

when comparing the 2D model results with results of 3D 

model. Diffusion is a process that accounts for the 

spreading (and hence dilution) of a substance in water, 

from an area of high concentration to an area of low 

concentration. The process of diffusion could be less 

significant compared to the process of advection, when the 

flows are sufficiently strong, since the time-scale of 

diffusion is usually longer. In weaker flow conditions, the 

contribution due to diffusion could be more substantial. 

(Nece, and Richey, [16]). 

1.2. Flushing-Historical Review 

Flushing time has historically been used in coastal 

environmental assessment in order to predict the potential 

water quality in marinas, ports, and coastal lagoons. The 

previous and ongoing research have presented guidance in 

relation to optimize basin geometry (e.g. tidal prism ratio, 

plan form factor, aspect ratio, relative entrance area, 

curvature) in order to achieve rapid renewal. However, 

there are plenty number of publications of water flushing 

study, most of them have been developed for a case study. 

The water circulation, between a semi-closed water body 

and the open sea, is generally produced by surrounding 

natural conditions such as the local tidal range, wave 

climate, water density, geographical location, and 

meteorological condition. In additional to the natural 

condition. The planning of basin geometry is also affect the 

water exchange rate such as basin length to width ratio and 

inlet characteristics (dimension, width, and numbers). 

Therefore, once those parameters are understood, coastal 

development can be planned to have an optimal water 

exchange (Nece, [15]).  

2. MODEL SETUP 

In this study, a numerical model was used in order to 

simulate the water flow inside a semi closed water body for 

different scenarios and cases. More than 50 hydrodynamic 

runs were done using MIKE-21 FM software to cover all 

possible scenarios to assess the effect of studied parameters 

on flushing system (DHI, [3, 4]).  

The models’ simulation was done using a finite element 

flexible mesh with finer discretization towards the 

simulated semi-closed water body as shown in Figure 1. 

The mesh is finer at basin inlet(s) and inside basin itself 

and become coarser further away from inlet(s). The mesh 

size varied from 5m to 250m. 

The purpose of simulation is to produce HD model that 

can be used to investigate the hydrodynamics inside the 

water body. The simulation is planned to run for a period 

long enough to flush at least 80 % of the semi-closed water 

body.  

The boundary conditions applied in simulation were 

defined based on the collected data for the conditions of 

fishery ports and lagoons along the Egyptian coasts of both 

the Mediterranean and Red sea. All coastal Lagoons in 

Egypt are only located along Mediterranean Sea, as shown 

in Figure 2. They are (from East to West) Bardawil 

Lagoon, Manzala Lagoon, Burullus Lagoon, Edku 

Lagoons and Maryut Lagoon (Sharaan, et al., [19]). There 

are many fishery ports in Egypt which are considered the 

main source of fish in the country. Those ports are 
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distributed along the Egyptian coasts of both 

Mediterranean and Red Sea as shown in Figure 3. Four of 

them are along Red sea: Attake, Salakhana, Hurghada, and 

El-Tor, while the other four are along Mediterranean Sea: 

Port Said, Ezbat Al-Borg, New El-Burullus, and 

Elmaadiya (Sharaan, et al., [19]). 

 

Figure 1: Model finite element network and mesh 

element size 

 

Figure 2: Coastal lagoons along Egyptian coasts 

 

Figure 3: Fishery ports along Egyptian coasts; (a) Red 

Sea Egyptian coast, and (b) Mediterranean Sea 

Egyptian coast. [19] 

The model set with 100% of tracer material 

concentration as an initial condition for all simulations. 

The time step is taken 0.5 hour (30minutes) and, therefore, 

the model is converged for each time step. 

2.1. Water Level Variations Data 

In order to simulate the water flow movement through tidal 

inlets, it is necessary to have data of time varying water 

level variation at the open seaward boundary. It is 

common, in previous research such as (Falconer, [7]), to 

use average records that represent the tidal zone. It is 

recommended by DHI [5] that if the study is for specific 

area, it is preferred to use the available records or tidal 

predictor software. 

Therefore, in this study, a wide range of water levels 

variations are applied in different scenarios based on the 

recorded tidal levels in the above-mentioned coastal zones. 

This range is varied from 0.5m to 4.0m as shown in Figure 

4. The water level variation forms a sinusoidal shape that 

repeated twice per day. This process produces the current 

of ebb and flood each 6.25 hr. The applied criteria of water 

level variation values as boundary conditions in the model 

setup is presented in Figure 4. The importance of studying 

such parameter is that the current speed and direction 

produced during ebb and flood are dominated by inlet 

characteristics (width, location, and numbers) and water 

level variation values along the tidal cycle. 

According to water level variations, it reaches to a 

maximum value in case of 4 m variation between the high 

and low water levels and decreased gradually to reach a 

minimum value in case of 0.5 (ATT, [1]). 

 

Figure 4: Applied water level variations values. 

2.2. Water Depth 

In the coastal zone of the study interest, the lagoons are 

generally shallow with depths vary from 0.5 m to 2.5 m, 

but in marinas and fishery ports it becomes deeper and may 

reach to 6.0 m. In this study, the semi-closed water body is 

given a uniform depth with 5 different values vary from 0.5 

m to 4.0 m below the lowest tidal water level represents a 

geometry parameter of the semi-closed water body. 

2.3. Geometry of the Water Body 

The representation of the semi-closed water body’s 

geometry has been assumed based on desk study of 

Egyptian marinas and coastal lagoons. This representation 

leads to a semi-closed rectangular water body with a 

uniform depth through the following parameter: 
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Figure 5: Geometry of different scenarios for simulated water body 

(a) Water surface area 

Based on the dimensions of water surface area in 

marinas and coastal lagoons along Egypt coasts, it 

is clear that they have a wide range of water surface 

areas. Accordingly, this study deals with many 

different cases to cover this range as shown in 

Figure 5. 

(b) Tidal inlets (number, width, and location) 

Generally, most of lagoons and ports have one or 

two entrance which is defined as the gate of water 

change between the inside water body with the open 

sea water. The models were built with one and two 

inlets in different locations with variable width 

varied from 10% up to 25% of basin width (Lw) as 

shown in Figure 5. The 

model shown in Figure 5 which simulated with one 

middle inlet at (width = 10% Lw) is called R1, while 

the model simulated with one middle inlet at (width 

= 20% Lw ) is called R2. The model which simulated 

with one side inlet at (width = 10% Lw) is called R3, 

and finally the model simulated with two side inlets 

at (width = 10% Lw) is called R4. The calculated 

results of numerical simulations are plotted as blue 

dotes over the graph given by Falconer, [8] as 

presented in the left side of Figure 6. 

(c)  Entrance channel 

The length of entrance channel has a significant 

effect on the current velocities, directions, and 

water volume entering the water body. Thus, the 

model scenarios were carried out with three 

different channel lengths starting from zero to 500 

m as shown in Figure 5.  

(d) Length to width ratio (Lw /Lb) 

Ports always consist of numbers of basins with 

rectangular or square shapes with variable length Lw 

to width Lb.  

In this study, a number of different length-to-

width ratios (Lw/Lb) were used in the model set-

up ranging from 0.25 to 4.0. 

2.4. Model Calibration  

In order to check the capability of the model, a 

comparison was conducted with the results presented on 

Coastal Engineering Manual (Demirbilek, and Vincent 

[2]). The results were obtained by extensive physical and 

numerical modelling of various cases which studied the 

relation between the exchange coefficient and water body 

length to width ratio (Lw/Lb), Which was simulated by 

similar Simi closed water body geometry. Therefore, the 

exchange coefficient (E) was simulated to obtain the 

exchange coefficient values for water exchange during 

each tidal cycle. The average per cycle exchange 

coefficient (E) is given by Nece, and Richey, [16] as: 

𝐸 = 1 − (
𝐶𝑖

𝐶0
)

1

𝑖
                                    (2) 

Where, 𝐶0 is the initial concentration of substance in 

water body and 𝐶𝑖 is the concentration of this substance 

after i tidal cycles. Figure 6 shows the comparison between 

the physical models’ results that were carried out in 1980 

by Falconer for a semi-closed water body. These models   

simulated by rectangular water surface geometry with one 

side inlet as shown in Figure 6 (b) and were conducted with 

varied aspect ratio (Lw/Lb) at constant tidal prism ratio TPR 

= 0.4 in order to be matching with the physical model 

which carried out by (Falconer,[8]). The calculated results 

of numerical models are plotted as blue dotes over the 

graph given by Falconer, [8] as shown in Figure 6 (a). In 

general, the results of calibration show a high level of 

accuracy.   

 

Source, [8] 

Figure 6: Calibration results 
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3. METHODOLOGY  

In this study, a wide range of numerical simulations 

(more than 50 HD models) with different geometry and 

boundary conditions were conducted. The simulated 

scenarios can be categorized as followed: 

(a) Type A: a square waterbody (i.e. Lw = Lb) with 

variable water surface areas and different inlets 

alignment, numbers, and width. In this type, 12 

scenarios were simulated with different criteria as 

shown in Figure 7. 

(b) Type B: a rectangular waterbody with variable (Lw 

/Lb) ratio at constant tidal prism ratio (i.e. tide value 

to depth is constant) equal 0.4. Also, it was 

simulated for different inlet characteristics similar 

to the previous type. In this type, 12 scenarios were 

simulated with different criteria as shown in Figure 

8. 

(c) Type C: a square waterbody (i.e. Lw = Lb) with 

constant surface area and one middle inlet. This type 

was conducted under variable water level, depth, 

and entrance channel length. In this type, 21 

scenarios were simulated with different criteria as 

shown in Figure 9. 

 

Figure 7: Type (A) simulation scenarios

 

Figure 8: Type (B) simulation scenarios 

 

Figure 9: Type (C) simulation scenarios 

4. RESULTS AND DISCUSSION 

The results of all simulation scenarios were presented in 

the form of plans and profiles for 9 selected points almost 

cover the water body as shown in Figure 10. The presented 

plans supported by grading color maps represent currents 

and tracer concentration percentage. While, the vectors 

describe the current directions on plan to understand the 

flow motion. The 9 selected points present the values of 

tracer concentration percentage and current velocities at its 

location in profile shape with 0.50 hour time step along 

simulation run time. The following sections will discuss 

the effect of different parameters on water flushing 

according to results of relevant scenarios.  

 

Figure 10: Location of selected Presentation points 

4.1. Effect of Water Surface Area and Geometry 

In type (A) simulation scenarios, the results show that the 

average flushing time to decrease average tracer 

concentration to less than 20% are 37, 96, and 270 hours 

for the case of water areas A1 (500 m x 500 m), A2 (1000 

m x 1000 m), and A3 (2000 m x 2000 m), respectively. The 

tracer concentration for A1 and A3 are shown in Figures 11 

and 12 after 50 hours and 280 hours, respectively. 

Based on the results of type (A), it is shown clearly that 

when the water surface area (A) increased by 4 times, the 

needed flushing time to reach the same average tracer 

concentration percentage (Tf) will increase by 2.8 times, 

approximately.  

In case of rectangular shape type (B) with (Lw /Lb = 2), 

the results show that the average flushing time to decrease 

the average tracer concentration to be less than 20% is 75, 
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120, 260 hours for the case of water areas A1 (770 m x 335 

m), A2 (1425 m x 712 m), and A3 (2828 m x 1424 m), 

respectively. Therefore, the results show that when the 

water surface area increased 4 times in rectangular shape, 

the needed flushing time to reach the same average tracer 

concentration percentage will increase by 1.7 times 

approximately.  

The differences in results between type (A) and type (B), 

concerning water surface area and its effect on flushing 

time, mean that the higher ratio of (Lw /Lb ) the lower effect 

on flushing time. Furthermore, it is also concluded that the 

flow can reach easily to the furthest point in basin (along 

the side length Lb) when Lb is shorter than the side length 

Lw, but, similarly, the spreading horizontally will also be 

decreased. In general, the effect of the square shape on the 

flushing time is better than the rectangular shape. However, 

this difference in effect is decreased by increasing the 

water surface area especially in the case of two inlets.  

Figure 13 shows examples of the tracer concentration for 

the selected corner points 3 and 7 for scenario A1. Figure 

14 shows the tracer concentration for the same points 

location points 3 and 7 for scenario A2. 

 

Figure 11: Tracer Concentration for Type (A) 

Scenario A1 (500 m x 500 m) after 50hrs.

 

Figure 12: Tracer concentration for Type (A) Scenario 

A3 (2000 m x 2000 m) after 280hrs. 

The results show that when increasing the area, there is 

no significant change in flow spreading in the direction 

parallel to the inlet width, but it decreases in the direction 

perpendicular to the inlet width. This is clearly deducted by 

comparing between the nearest points to the inlet (3, 6, and 

9) and the furthest points (1, 4, and 7) in the two scenarios 

A1, and A2. The average time to reduce average tracer 

concentration percentage less than 20% (Tf 20%) at these 

points are presented in table 1 in hours (hrs.). 

Table 1: Average flushing time (Tf 20%) at points 

(3,6,9,1,4,and7) for scenarios A1 and A2 

Points Tf 20% - Scenario A1  Tf 20% - Scenario A2 

Point 3 25 hrs. 30 hrs. 

Point 6 45 hrs. 65 hrs. 

Point 9 85 hrs. 85 hrs. 

Point 1 40 hrs. 100 hrs. 

Point 4 50 hrs. 200 hrs. 

Point 7 35 hrs. 120 hrs. 
 

  

Figure 13: Tracer conce ntration for scenario A1:    

(a) points 3, and (b) point 7  

 

Figure 14: Tracer concentration for scenario A2:    

(a) points 3, and (b) point 7  
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4.2. Effect of Inlet Width 

As described before in section 3, the effect of the inlet 

width and its location were conducted at three different 

locations with variable inlet width ratio relative to the basin 

width ranged from 10% to 20 % of Lw. The results show 

that the inlet width has a great effect on both the water 

volume entering the semi-closed water body during flood 

and the current velocities that dominate the dispersion and 

flow spreading process.  

By comparing between the results of the average tracer 

concentration of water surface area resulted from the two 

scenarios R1 and R2  presented in Figure 11 and 12, the 

results show that the water flushed faster in case of R1 

(with inlet width =10% Lw) than in case of R2 (with inlet 

width =20% Lw).  

These results indicate that both of the water level 

variations and water levels of Egyptian coasts used in this 

study are relatively insufficient to produce current velocity 

required to spread water flow and reach to the furthest 

zones of the basin especially in the case with inlet width of 

20% Lw. While, in the case of inlet width of 10% Lw, the 

current velocity increased and able to spread in better way 

to flush the basin water faster. The current velocity and 

direction in the two cases are shown in Figure 15 which 

assure and illustrate the effect of inlet width on current 

velocity and flow spreading quality inside the basin. The 

results show that the current velocity in R1 scenario is 

much higher, almost double, than R2 scenario.  

Therefore, it is concluded that the inlet width controls the 

quantity of water volume entering the basin and its 

efficiency of spreading to cover surface water body area. 

Also, it is clear that there is a strong relation between inlet 

width and water level variation. In order to achieve best 

flushing results, the planners and designers shall determine 

the minimum velocity that able to reach the furthest area of 

basin and it will guide for the large possible inlet width. 

This criterion will allow the largest possible amount of 

open sea water volume to enter. In other words, it is 

important to connect between the minimum velocity 

required to reach the furthest zones of the basin and the 

possible inlet width that allow the maximum quantity of 

freshwater volume to enter the basin.  

 

Figure 15: Current velocity and directions in case of 

10% Lw and 20% Lw inlet width scenario 

4.3. Effect of Inlet Location and Numbers 

Generally, the inlet location determines which zone 

inside the basin will be flushed before the others. In the 

same way, by understanding the effect of inlets location, it 

is possible to prevent the existence of the stagnant areas or, 

at least, expect where it could be located.  

Figure 16 shows that despite of the middle inlet in 

R1scenario in type A produce best average flushing time, 

point 9 flushed faster in case of using 2 side inlets in R4 

scenario. On the contrary, both points 4 and 5 need very 

long time to be flushed in case of using two side inlets in 

R4 scenario compared with the other scenarios as shown in 

figure 17.  

In section 4.1, the results prove that square shape produce 

better flushing efficiency in general specially in case of one 

side inlet due to the long distance between other side points 

to the inlet that need high velocity to be flushed. Figure 18 

shows that, in both types (A) and (B), point 9 takes the 

longest time in R3-case to be flushed with high difference 

compared to the other points. In type b, it is not only point 

9 takes the longest time but also point 8 and 7.The result 

shows that, in small water surface areas, the best inlet 

alignment is to be in the middle, while the worst inlet 

alignment is to be in one side inlet where the furthest corner 

zone takes the longest time to be flushed.  

Based on the presented results, in the case of areas larger 

than 4 Km2, the use of two side inlets becomes better 

alignment than one in the middle, but it should be located 

to make the water surface acts as two square shape to 

optimize flushing process. In conclusion, the optimum 

inlets number and location generally depends on water 

surface geometry (shape, water surface area, Lw/Lb ratio), 

and sometimes depends also on the purpose of this basin 

water area.  

 

Figure 16: Tracer concentration at point 9 for scenario 

A2 

 

Figure 17: Tracer concentration for scenario A2:    

(a) points 4, and (b) point 5  
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                                            (Type A)                                                                    (Type B) 

Figure 18: Comparison between flushing result at side Points type (A) and type (B) scenarios

4.4. Effect of Water Level Variation  

The study shows that there is a strong relation between 

water level variation values and inlet width, where water 

level variation controls the values of current velocities at 

the inlet. In other words, the higher values of water level 

variation, the widest inlet we can use. In case of low-water 

level variations, a small inlet width should be used to 

achieve the desired current velocity that able to deliver 

fresh water to the furthest corners within the water body 

area. In contrast, the high-water level variation values able 

to produce the desired current velocity even with large inlet 

width.  

In order to understand the effect of water level variations 

on both the current velocity and flushing efficiency, a 

several number of simulated scenarios have been 

considered. They are conducted at the same conditions 

such as; surface area, water depth, and inlet characteristics, 

but with different values of water level variation as 

described in Figure 9. 

Figure 19 shows a sample of these kind of results. It 

describes the plan of current velocities in C1-D1 scenario 

with two different values of water level variation values 0.5 

m and 4.0 m, respectively.  The results indicated that the 

maximum flood current velocities calculated at the 

entrance in both scenarios of water level variation values 

are 0.12m/s and 0.65m/s, respectively. While, the 

maximum flood current velocities at the entrance in other 

cases of water level variations values (1.0 m, 2.0 m, and 

3.0 m) are 0.32 m/s, 0.45 m/s, and 0.55 m/s, respectively.  

These results indicate that, at constant water depth, as the 

level variations values increased, the maximum flood 

current velocities at the entrance increased. 

 

 

Figure 19: Current velocity comparison between two 

different water level variation 0.5m and 4m 



60 
 

 

In general, the flow is spreading widely with the higher water level variation values over the all water surface area 

regardless the water depth. Figure 20 and 21 show the results of the tracer concentration percentage at the selected points 

for two scenarios at constant depth to water level variation ratio. 

 

Figure 20: Current velocity at selected points for two scenarios with constant depth to water level variation  

ratio. 

 

Figure 21: Tracer concentration at selected Points for two scenarios with constant depth to  

water level variation ratio 
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The first scenario is simulated at a water depth = 2.0 m 

and water level variation value = 2.0 m, while the other 

scenario is simulated at when = 4.0 m and water level 

variation value = 4.0 m.  These results clearly assure that 

flow is spreading widely with the higher water level 

variation values over the all water surface area regardless 

the water depth. In other words, it means that the average 

current value, in case of high-water level variation, near 

water surface will always be higher than the 

correspondence values in case of the lower water level 

variation values regardless the water depth. 

5. CONCLUSION AND 

RECOMMENDATIONS 
 The study proves the importance of studying the 

flushing characteristics for coastal projects, marina, and 

lagoons development. Also, the planning of these 

projects should consider the nature condition of project 

area (Tidal levels, location, Wave, Wind, Marine 

biology, future planning, etc.). 

 In planning of port, marinas, and lagoons, the basin 

aspect ratio Lw/Lb should be greater than 0.33 and not 

exceed 3. In general, it is preferable to be from 0.5 to 

2.0. 

 The study presents a way to represent a general 

prediction for the expected flushing time of a specific 

semi-closed water surface area by determining flushing 

time of another water surface area with square or 

rectangular geometry. In small semi-closed water 

surface area planning, it is recommended to use the 

square shape which considered more efficient 

especially with one middle inlet. In case of larger semi-

closed water surface area more than 4 km2, it is 

recommended to use the rectangular geometry shape 

with two side inlets in order to acts like two square 

geometry. 

 The inlet width and its location should be determined 

wisely to achieve the optimization for the usage of 

project. The inlet width depends on the water level 

variation values in the project area where larger width 

used in coastal area with larger water level variation in 

order to produce the desired current speed which able 

to reach the furthest corners of water basin and largest 

freshwater volume could be entered. The inlet location 

shall be selected based on the predicted stagnate area. 

 The objective of the coastal planning is to improve the 

water quality inside the semi-closed marinas and 

coastal lagoon by allowing the largest possible volume 

of water to enter and also reach to the furthest zones. In 

That way, this large amount generally needs a wider 

inlet width, while to reach the open sea water to the 

furthest zones, it needs a narrow inlet width to produce 

high velocity. Therefore, the planner shall optimize the 

designed inlet width based on the tidal zone of project 

to achieve the desired current velocity with the largest 

volume of water. Finally, as the water level variations 

in Egyptian coasts is relatively small, it is 

recommended that the inlet width should be equal to 10 

to 20 percent of the semi-closed basin width.   
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