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ABSTRACT: 

Coastal zones in many countries suffer from strong offshore direct rip currents. Rip currents regularly 

lead to hazardous situations, and at some beaches swimming is prohibited for a considerable time of the 

year especially during summer storm. Also, the swimming may be prohibited at beaches where the wave 

height is too high. Saski et al (1975) concluded that breaker heights smaller than 0.6m and current 

velocities smaller than 0.2m/s are considered as comfortable swimming conditions, but it is hard to swim 

against a rip current of 0.5m/s and breaker height greater than 2.0m even for good swimmers. So, there is 

an essential need to construct suitable coastal structure in order to secure safe conditions for swimmers.  

There are several plans and investigations for improvement of the swimming conditions. The use of 

coastal structures is the tool in many cases and, hence, the impact of their construction becomes of great 

interest. The impact of marine structures on shoreline changes and water quality under various waves, 

current and site conditions is of great interest to engineers and scientists. The present study has been 

recommended the use of perched beach as a possible alternative for safe swimming conditions. So, water 

quality within perched beach basin must be considered, and it is particularly important for health and 

environmental quality, especially in warmer climates where biological processes are accelerated. 

Successful control of water quality is usually dependent upon periodic exchange of the basin water with 

the sea water of the open sea. RMA model was applied to investigate various configurations of the 

perched beach including submergence ratio of the breakwater, groin with/without gap, the gap 

width/location and emerged/submerged groins. These configurations have been compared from the point 

of view of flushing rates to develop general guidelines for the design of similar constructions. 
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It has been found that the perched beach could be a reliable solution for protecting swimmers along the 

coast with minimum impact on the shoreline while preserving acceptable water quality within the 

perched beach. Good flushing rates can be achieved if the crest level of the submerged breakwater and 

groins is at least 0.5m below M.S.L. and the groin at the up drift side has a gap located near its offshore 

end, while the groin at the down drift side has a gap close to the shoreline. To allow water flow along the 

shoreline, it is recommended to have the up drift gap wider than the down drift one. 

 

Keywords: Water quality, Perched beach; coastal hydro-dynamics; Numerical models; Flushing 

rates; Environmental impacts. 

 

 

 

1. INTRODUCTION:

Due to the increasing demand for safe swimming conditions with minimum impact on the shoreline and 

keeping  acceptable  water  quality,  new  studies  have been  conducted  to  meet  these  requirements  using 

appropriate coastal structures. Several resorts constructed some types of countermeasures to protect their 

shoreline and develop a safe swimming area using either soft or hard measures. The challenge is always 

to introduce protected areas with  minimum impact on environment including shoreline, currents, eddies 

and  water  quality.  Among  the  negative  impacts  experienced  at  different  coastal  villages  was  excessive 

scour at the down drift side, stagnation zones, lake of circulation and flushing...etc. The latter drawbacks 

could be due to constructing improper structures, lack of database, non-professional studies…etc. 

Understanding  the  site  characteristics  and  water  hydrodynamics  in  addition  to  the  characteristics  of  the 

proposed  countermeasure  are  key  factors  in  selecting  the  best  protection  structures/configurations  to 

match  site  existing  conditions  with  minimum  negative  impacts  on  the  shoreline  and  water  quality.  The 

Shore  Protection  Authority  of  Egypt  (SPA)  conducted a  study  in  (2002)  for  the  development  of  the 

North-West coast of Egypt and recommended the use of perched beach as a possible alternative for safe 

swimming conditions along El-Arab bay zone, located from El-Agamy at Km 21 to El-Alamin city at Km 

120 (along Alexandira-Matrouh road).

The perched beach consists of two bounding groins and shore parallel breakwater at groin ends enclosing 

a sheltered basin. The top level of the offshore part of the submerged breakwater is close to the sea water 

surface level to ensure water flow from open sea to the basin and not to obstruct sea view; i.e. minimal 

visual  impact.  Basins  enclosed  by  submerged  breakwaters  are  existing  naturally;  i.e.  rocky  submerged 

shoal  enclosing  a  shelter  basin  such  as  in  Stanley beach  at  Alexandria  named  "El  Bahr  El  Sagir"  and 

artificially or semi-artificially such as in Sela beach at Bat-Yam, as illustrated in (Figure 1).

The enclosed basin at Sela beach is 400 meters alongshore by 175 meters perpendicular to the shoreline.
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The submerged breakwater at Sela beach was built in 1969 at water depths of approximately 2.5 to 3.0 

meters with a nominal top level equal to mean sea water surface level. The littoral drift bypass around the 

breakwater resulting in negligible impact on neighboring shoreline evolution due to breakwater 

construction. Wave height inside the basin enclosed by the submerged breakwater were significantly 

reduced compared to the open sea. Wave heights are about 0.5 meter inside the basin compared to 1.5 

meters outside the basin. During winter storms wave heights in the basin may reach up to 1.0 to 1.5 meter 

and currents of significant velocities were reported by good swimmers (Tauman J., 1976). The flushing 

process was not studied before construction but periodic water quality tests had been performed showing 

that water quality inside the enclosed basin is similar to open sea due to the outflow of water mainly 

through the rubble mound breakwater as still water level is higher inside than outside the basin. So, it is 

important to study the flushing rates inside perched beach before construction.  

 

 

 

Figure (1): Sela beach development scheme at bat-yam, constructed since 1969.

The perched beach scheme was tested by Delft Hydraulics, Netherlands as an ideal scheme in El-Arab 

Bay zone in 2003 to create safe swimming conditions. Delft Hydraulics tested only two options of the 

perched beach, as follows:

- Option 1: submerged breakwater with high (emerged) end-groins,

- Option 2: submerged breakwater with low (submerged) end-groins.

They  didn’t  study  the  flushing  process.  However,  in the  present  study  various  configurations  of  the

perched  beach  including  submergence  ratio  of  the  breakwater,  groin  with/without  gap  and  the  gap
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width/location have been investigated and evaluated. The evaluation is carried out mainly relating to 

Flushing process. 

Flushing is the physical exchange of water mass between one water body and another by the advection 

and diffusion processes. The retention time is a commonly used measure for assessment of the potential 

for water quality conditions. Unfortunately there is no stringent definition of retention time in the general 

case of advection-dispersion processes. Prandle (1984) showed that under certain assumptions the 

flushing time is equivalent to the time taken for the mass level to fall to 37% of the initial level. Goshow 

et al. (2008), proposed a relation between the flushing time and the surface area of the water body (Figure 

2). The flushing time in this figure is the time for the concentration to drop to 10 % of its initial value. 

This relation will be used to estimate the acceptable flushing time in the present study.  

 

 
Figure 2: Relation between water surface area and the flushing time for water bodies

(Goshow et al., 2008).

By  assuming  that  the  flood  flow  entering  the  semi-enclosed  inlet  behaves  like  a  jet,  while  the  flow 

leaving the bay during ebb tide is a sink-type of flow (Stommel and Farmer 1952; Fischer et al. 1979), an 

analytical model of the tidal exchange characteristics between the inlet and its exterior can be obtained. 

However,  the  simple  method  is  limited  to  inlets  with  one  entrance,  and  for  regular  geometries.  By  the 

nature of the tidal prism  method, density stratification and shear dispersion effects on the flushing time 

cannot be accounted for.

With the advance of numerical hydrodynamic and mass transport models, tidal flushing times have also 

been determined via numerical  models (e.g.  Prandle 1984; Choi et al. 1989; Signell  and Butman  1992;

Luff  and  Pohlmann  1995).  The  basic  idea  is  that  a  mass  of  hypothetical  conservative  tracer  is
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instantaneously  introduced  into  a  region  of  interest.  A  unit  tracer  concentration  is  prescribed  initially 

inside that  region,  and the subsequent advection dispersion of this mass is then obtained by solving the 

mass transport equation numerically and the time-variation of the tracer mass inside the region is tracked.

The  effect  of  tide  and  wind  on  the  physics  of  flushing  and  the  flushing  time  in  Boston  Harbour  was 

investigated  using  a  2D  numerical  model  by  Signell and  Butman  (1992).  Oliveria  and  Baptista  (1996)

proposed the use of a cumulative histogram of flushing times (for different sub-areas within the region)

instead of a single flushing time. Monsen et al. (2002) used numerical tracer experiments to determine the 

flushing time and residence time for a shallow tidal lake.

In both of the above studies, the particle tracking method is used to simulate the tracer mass transport and 

the effect of turbulent diffusion is not included. The effect of density stratification has not been studied in 

all of the previous numerical studies.  While, the effect of tide, wind, density stratification and turbulent 

diffusion on the physics of flushing are included in the RMA model (King et al., 1990).

The RMA model is a finite element modeling system for two- and three-dimensional free surface flow. 

The  model  has  two  modules;  a  hydrodynamic  module  (RMA-10)  and  a  Water  Quality  module  (RMA- 

11).  RMA-10  is  designed  for  prediction  of  flow  and depth  (plus  water  temperature,  salinity  and/or 

suspended sediment if needed) for stratified flow systems where there are significant variations of current 

over  the  depth.  This  model  is  fully  three-dimensional.  It  can  also  be  used  for  prediction  of  current 

directions and magnitudes and water depth in system that can be depth averaged (2-D horizontal) or area 

averaged  (1-D  horizontal).  Typical  systems  are  fully  mixed  estuaries  and  coastal  systems,  rivers  and 

floodplains. RMA-11 is a multi-component water quality model designed to take the currents/depths from 

RMA-10  and  apply  an  advection  diffusion  equation  to predict  the  transport  of  constituents. 

Simultaneously  settling  and  chemical  kinetics  is  introduced  to  predict  transformation  of  the  various 

constituents. In this way the various nutrient cycles (Oxygen, Phosphorous, and Nitrogen) and algae may 

be simulated.

This  model  has  been  designed  so  that  the  constituents  and  reactions  could  be  easily  changed  to  suit 

individual  locations  and  applications.  This  model  is  capable  of  one/two/three-dimensional 

approximations in any combination. It also has a bed model capable of tracking the evolution cohesive or 

non-cohesive  sediments.  Based  on  the  aforementioned reasons,  the  RMA  Modeling  Suite  is  chosen  to 

investigate the flushing rates in the present study. The numerical model was applied to investigate various 

configurations  of  the  perched  beach  including  submergence  ratio  of  the  breakwater,  groin  with/without

gap,  the  gap  width/location  and  emerged/submerged  groins.  These  configurations  have  been  compared
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from the point of view of flushing rates to develop general guidelines for the design of similar 

constructions. 

 

2. MODEL INPUT: 

A study has been conducted on the use of perched beach for protecting a strip of the beach from severe 

wave attack while keeping reasonable flushing rates condition and minimum shoreline changes due to the 

structure. The layout of the proposed perched beach is shown in (Figure 3). Simulations using SMS 

model have been made for 1500m along the shore line and extends for about 700m normal to the 

shoreline to limit the boundary effects. The perched beach generally has two bounding groins and shore 

parallel breakwater at water depth equal to 3.5m. The groins extend for 120m normal to the shoreline and 

have some opening (clear gap) in its body and the distance between groins is 200m. The average effective 

grain size of the soil on-site is found to be 0.25mm, the average berm height is computed and found to be 

2m and the closure depth is considered as 8m. The bathymetric survey has been to run the model 

presented in (Figure 4). It can be seen that the bed levels go as deep as about 20m within 700m from the 

existing shoreline with an overall average slope of 1:35. It can be observed that the bed has a nearly 

uniform slope at bed levels less than 3m below MSL. 

 

Figure 3: Layout of the proposed structure. 

Where, Lg is the groin length, S1 is the gap width in western groin, S2 is the gap width in eastern groin, 

Y1 is the distance from the centerline of western gap to the shoreline and Y2 is the distance from the 

centerline of eastern gap to the shoreline. 

International Journal For Research In Mechanical & Civil Engineering ISSN: 2208-2727

Volume-4 | Issue-2 | February,2018 6



 

 

Figure 4: Bathymetric survey and location of transects at station. 

The tide data and bathymetric survey described in the aforementioned sections have been used to run the 

model for the current configurations (see Table 1) and the results have been presented, analyzed and 

discussed. The results and analysis provide general guidelines for the use of perched beach in coastal 

resorts that can be applied to wide range of wave climate. 

Table 1: Input parameters for the numerical model (SMS). 

Run 

No. 

Eastern GroinWestern GroinBreakwater

Notes Crest 

Level 
d/h 

Crest 

Level 
(S1/Lg) Y1 

Crest 

Level 
Y2(S2/Lg)

0.84-0.5001  -------0.50-------0.50 No gaps 

(Study the submergence 

ratio) 

0.72-0.9002  -------0.90-------0.90

0.62-1.2503  -------1.25-------1.25

0.84-0.5004  ------+2.0------+2.0

Submerged 

breakwater 

without gaps Emerged 

groins 

0.84-0.5005  0.75Lg0.10+2.0  0.25Lg0.20+2.0

Submerged 

breakwater 

with gaps 

0.84-0.5006  0.75Lg0.05-0.50  0.25Lg0.20-0.50

Effect of 

western groin 

width 

Study the 

effect of 

the eastern 

groin gap 

location 

0.84-0.5007  0.75Lg0.10-0.50  0.25Lg0.20-0.50

0.84-0.5008  0.75Lg0.15-0.50  0.25Lg0.20-0.50

0.84-0.5009  0.75Lg0.20-0.50  0.25Lg0.20-0.50

0.84-0.5010  0.75Lg0.05-0.50  0.50Lg0.20-0.50 Effect of 

western groin 0.84-0.5011  0.75Lg0.10-0.50  0.50Lg0.20-0.50
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Run 

No. 

Eastern GroinWestern GroinBreakwater

Notes Crest 

Level 
d/h 

Crest 

Level 
(S1/Lg) Y1 

Crest 

Level 
Y2(S2/Lg)

0.84-0.5012  0.75Lg0.15-0.50  0.50Lg0.20-0.50 width 

0.84-0.5013  0.75Lg0.20-0.50  0.50Lg0.20-0.50

0.84-0.5014  0.75Lg0.05-0.50  0.75Lg0.20-0.50

Effect of 

western groin 

width 

0.84-0.5015  0.75Lg0.10-0.50  0.75Lg0.20-0.50

0.84-0.5016  0.75Lg0.15-0.50  0.75Lg0.20-0.50

0.84-0.5017  0.75Lg0.20-0.50  0.75Lg0.20-0.50

0.84-0.5018  0.75Lg0.10-0.50  0.25Lg0.10-0.50
Effect of 

western groin 

location 

Study the 

effect of 

the eastern 

groin gap 

location 

-0.5019 0.84 0.75Lg0.10-0.50  0.50Lg0.10-0.50

-0.5020 0.84 0.75Lg0.10-0.50  0.75Lg0.10-0.50

-0.5021 0.84 0.50Lg0.10-0.50  0.25Lg0.10-0.50
Effect of 

western groin 

location 
-0.5022 0.84 0.50Lg0.10-0.50  0.50Lg0.10-0.50

-0.5023 0.84 0.50Lg0.10-0.50  0.75Lg0.10-0.50

-0.5024 0.84 0.25Lg0.10-0.50  0.25Lg0.10-0.50
Effect of 

western groin 

location 

-0.5025 0.84 0.25Lg0.10-0.50  0.50Lg0.10-0.50

-0.5026 0.84 0.25Lg0.10-0.50  0.75Lg0.10-0.50

 

3. MODEL SETUP: 

The element size varied from 225 m to approximately 5 m (Figures 5-a through 5-b). The modeled area 

was chosen to be large to minimize the effect of any errors at the boundaries. A coarse network is used 

away from the study area to reduce the computational time. A manning friction coefficient of 0.035 was 

used in this study. This value was determined by calibration of the Model. The Smagorinsky closure 

turbulence model was applied to assess the horizontal mixing process. The model was run for a period of 

30 days. The time step used was 10 minutes. 
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Figure 5-a: Finite element network for modelled area. 

 

Figure 5-b: Finite element network in the vicinity of the structure. 

In order to assess the time scale associated with dilution of pollutants, an initial tracer concentration of 

100% was introduced in the excavated area. The concentration of inlet water at the boundaries is assumed 

to be zero. The time step used for the RMA-11 model is twelve minutes. The simulated water elevation 

and velocity field from the RMA-10 model is used as input data for the RMA-11 model. The same 

network shown in Figure 4 was used for the RMA-11 model. The flushing could be observed as the time 
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for the concentration to drop to about 10%.  According to Goshow et al. (2008), the suitable flushing time 

for the proposed perched beach area is 5 days. 

The values of the tidal mean dispersion coefficient cited in the literature range over three orders of 

magnitude depending on the size as well as the tidal characteristics of a coastal system, and vary spatially 

and temporally within a given coastal system (Fisher et al 1979). There is no easy-to-implement rational 

formula to estimate the dispersion coefficient or to infer it from the measurements taken in other coastal 

systems. The only viable way of estimating it for a coastal system is through a tracer study that is always 

costly and impractical. A typical value for the dispersion coefficient for tidal inlets could be taken in the 

ranges between 1.0 to 20 m2/s. Lewis (1997) calculated an average dispersion coefficient of 2.1 m2/s in 

the longitudinal direction based on the results from 21 Locations. In this case there is no plume but the 

material is dispersed over the entire lagoon system. Thus, the value of D=1.0 m2/s was used for the 

dispersion coefficients in both the x and y directions. 

4. RESULTS AND ANALYSIS: 

In order to assess the time scale associated with dilution of pollutants, an initial tracer concentration of 

100% was introduced in the numerical model inside the perched beach. The concentration of inlet water 

at the boundaries is assumed to be zero. (Figure 6) provides the five stations used to monitor the 

dilution/dispersion of a conservative material. (Figures 7-a through 7-b) show the concentration patterns 

at different times for d/h=0.84 and d/h=0.72. 

 

Figure 6: Locations used to plot time series of concentration for conservative material. 
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Figure (7-a):  Concentration of tracer material at different times (d/h=0.84).
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Figure (7-b):  Concentration of tracer material at different times (d/h=0.72).
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Variations in concentrations with time are plotted in (Figure 8) for all locations. It can be observed that 

water stagnation occurs at station (B) and the flushing process is slow, while the flushing process at 

station (D) is the fastest inside the perched peach. So, special attention should give to station (B) when 

studying the flushing rates inside a perched peach.  

 

Figure 8: Time series for concentration of tracer material at different locations (d/h=0.84). 

 

Figure 9: Time series for concentration of tracer material for various submergence ratios at station (B). 

(Figure 9) shows the time series for concentration of tracer material for various submergence ratios at 

station (B). It is shown that the higher the breakwater is the higher the flushing time. It can be seen that 
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the flushing process is high in case of d/h= 0.72 and 0.62. The time associated with reduction of the 

average concentration to 10% of its initial value is about 2-3 days. This value is less than the target value 

of 5 days. It can be seen that the flushing process is slow in case of d/h= 0.84. The flushing time for 

d/h=0.84 has been found to be 7.5 days. This value exceeds the target value of 5 days. It is known that the 

long flushing time will lead to deterioration in water quality unless appropriate interference has been 

applied. This includes lowering the crest of the northern breakwater to be at less than 0.72 of the water 

depth or introducing a suitable gap in the groins, especially the east one. However, attention shall be 

made that reducing the height of the northern breakwater would eventually lead to higher waves and fast 

currents to be generated inside the perched beach as explained earlier. 

(Figures 10-11) show the concentration patterns in case of emerged groins with/without gaps. (Figure 12) 

shows the time series for concentration of tracer material for various cases of groins height 

(emerged/submerged) and with/without gap at station (B). The flushing times are about 5 days, 7.5 days, 

10 days and 12.5 days in cases of submerged groins with gaps, submerged groins without gaps, emerged 

groins with gaps and emerged groins without gaps, respectively. It can be observed that the height of the 

groins and the gaps have significant effect on the flushing process. Flushing process is slightly higher in 

case of the submerged groins than in case of emerged groins. Also, flushing process is slightly higher in 

case of the gap than in case of no gap, this is due to the fact that the gaps allow water circulation and 

flushing in the near shore zone. Thus, further investigations have been made for the gap width/location. 

(Figure 13) shows the effect of the eastern gap location/width on the flushing process. It can be observed 

that the eastern gap location/width have significant effect on the flushing process. It can be seen that the 

flushing time ranges from 5-7.5 days in all cases if a gap exists in the eastern groin. The flushing time 

decreases with increasing the eastern gap width. Also, the flushing time decreases when the gap is located 

about 0.25Lg from the shoreline. This could be due to creating a short cut for the water particles to flow 

out of the perched beach. However, attention should be made that the gap cannot be constructed closer to 

the shoreline due to the aggressive erosion anticipated in the shoreline. 
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Figure (10):  Concentration of tracer material in case of emerged groins without gaps.
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Figure (11):  Concentration of tracer material in case of emerged groins with gaps. 
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Figure (12): Time series for concentration of tracer material for various cases of groins height 

 (emerged/submerged) and with/without gap at station (B). 

 

Figure (13): Effect of the eastern gap location/width on the flushing process. 

5. CONCLUSIONS:  

The flushing of the proposed perched beach system was modeled using a two dimensional advection 

dispersion model. The tidal currents and tidal water level variations were simulated using a finite element 

hydrodynamic model (RMA-10). These tidal currents were input to an advection dispersion finite 

element model (RMA-11) to determine the reduction in the concentration of a conservative material. The 

followings have been concluded: 
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• The submergence ratio has significant effect on the flushing time. The higher the breakwater is the 

higher the flushing time. 

• Flushing process is significantly higher in case of submerged groins than in case of emerged groins. 

Also, flushing process is slightly higher in case of the gaps than in case of no gap. However, attention 

should be made that higher flushing is caused by higher waves and currents in the perched beach and 

this may affect the convenience of swimmers and may lead to possible dragging of swimmers out of 

the perched beach. A compromise should though between the need for flushing and 

convenience/safety of swimmers in the perched beach. 

• The flushing time decreases with increasing the eastern gap width. Also, the flushing time decreases 

when the gap is closer to the shore but it is not allowed to directly be at the shoreline. 

• The perched beach could be a reliable solution for protecting swimmers along the coast with minimum 

impact on the shoreline while preserving acceptable water quality within the perched beach. Good 

flushing rates can be achieved if the C.L. (crest level) of the submerged breakwater and groins is at 

least 0.5m below M.S.L. and the groin at the up drift side has a gap located near its offshore end, while 

the groin at the down drift side has a gap close to the shoreline. To allow water flow along the 

shoreline, it is recommended to have the up drift gap wider than the down drift one, as shown in 

(Figure 14). 

 

Figure (14): Plan of the proposed structure. 
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