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ABSTRACT:

A study has been conducted to develop safe swimpuonditions along the North-West coast
of Egypt. Investigations have been made for thelpd beach approaches. Both numerical
models and actual scale field data have been emglmythis study. Attention has also been
given to the empirical models available in literatdor computing the transmitted wave

energies and lessons learned from the applicatfopratection structures in Egypt and

overseas.

An actual scale model of a perched beach is dedigmel constructed to provide safe
swimming conditions using submerged breakwater amal jetties. The project area is
constructed along the west boundary of the Alexanglovernorate of Egypt. The latter area
has long suffered from rip currents as large am&&c and a limited safe swimming strip of
less than 40m during the prevailing wave conditionshe summer season. Several design
alternatives have been studied using a numericalemmamely known as Surface water
Modeling System (SMS), adopting the actual wave r@SEI-Dekhila port and bathymetric
survey of the project area. Field measurements weareed out in May 2009 before
construction of the perched beach, consideredeabdbkeline condition. The model has been
calibrated and validated against the collected am@ésured field data. Based on all the
collected data and information, the numerical mdded been applied to investigate different
alternatives of the proposed structure includingnsergence ratio, crest level, the effects of
the gap size (if used) and permeability of thecitme on the wave height, radiation stresses,
current velocities, sediment transport rates amdedime changes.

It has been found that using the guidelines praphyethe Shore Protection Authority (2002)
a safe swimming zone, acceptable flushing condiiod minimum flooding of the shoreline
due to wave damping effect of the perched beacpecdslly in case of Low Crested
Structures (LCS), could be provided. However, saregative impacts have been noticed
both numerically and in field, including some sHme erosion in the down drift zone and
possible trapping of floating debris. The latteipants can be mitigated by the use of some
openings to allow the flow of water and sedimentsnf the up drift to the down drift side to
minimize possible erosion in the down drift. It kdso been found that the maximum length
of the impacted beaches is about 3 times the leofythe jetties on both sides. The latter
length could be lessened by the aid of lower jetied/or openings in the jetties. The residual
possible impact could be alleviated through a rmutsand nourishment program of the
shoreline at a frequency that can be decided @se-by-case basis.
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1. INTRODUCTION:

The coastal landscape west of Alexandria is onth@fmost attractive recreational sites in
Egypt. The coastline is characterized by wide beaawonsisting of white Oolitic carbonate

sand. The shore is generally linear with few priotecconfigurations. However, the beach is
not suitable for swimming because of the steeplbgaafile ranging from 1:30 to 1:50 Nafaa

and Frihy (1993). Strong offshore direct rip cutseregularly lead to hazardous situations,
and at some locations swimming is prohibited faoasiderable time of the year especially
during summer storm. The swimming may be prohibéelbcations where the wave height is
too large or the rip shore currents are too str@wm. these conditions may have adverse
effects on recreational facilities along the co&sisaki et al(1975) concluded that breaker

heights smaller than 0.6m and current velocitiegllEn than 0.2m/s are considered as
comfortable swimming conditions, but it is hardsieim against a rip current of 0.5m/s and

breaker height greater than 2.0m even for good avers.

The current study concentrates on the use of pérobach. This scheme was tested by Delft
Hydraulics, Netherlands as an ideal scheme in th&r&b Bay zone in 2003 to create safe
swimming conditions. This scheme consists of a sriged breakwater enclosing a sheltered
basin. The top level of the offshore part of thbrearged breakwater is close to the sea water
surface level to ensure water flow from open sethédbasin and to prevent obstruction of the
sea view, i.e. minimal visual impact. Basins enetbdy submerged breakwaters exist
naturally, e.g. a rocky submerged shoal enclosisfedter basin, such as at Stanley beach in
Alexandria (named "Al Bahr al Sagir") and artifityaor semi-artificially, such as at Sela
beach in Bat-Yam, as illustrated in (Figure 1).

Figure 1. Sela beach development scheme at Bat-Y am, constructed since 1969.

The enclosed basin at Sela beach is 400 metergsdlore by 175 meters perpendicular to the
shoreline. The breakwater followed the lines ofsémg submerged beach rock to minimize
construction costs; the submerged breakwater wemlbaconstructed on a sandy sea bed.
Outside the enclosed basin, accretion fillets tpleee on both sides. The accretion fillets
undergo seasonal changes due to the offshore/ensdzord movement. The littoral drift

bypass around the breakwater results in a neggiipact on the neighboring shoreline
evolution due to breakwater construction. Perioglader quality tests had been performed
since the construction of the Sela beach scherh868, showing that water quality inside the
enclosed basin is similar to the open sea due aootitflow of water mainly through the

rubble mound breakwater as the still water levdiligher inside than outside the basin. This
was due to the inflow of water by currents genetatg waves breaking on top of the
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submerged breakwater. Wave height inside the emtldssin were significantly reduced
compared to the open sea. Wave heights are atiboidiers inside against 1.5 meters outside
the basin. During winter storms, wave heights m Ibasin may reach up to 1.0 to 1.5 meters
and currents of significant velocities were repoity good swimmers Tauman (1976).

During most days of the summer months, the easteast of the Mediterranean Sea is
exposed to onshore wind resulting in waves haviagtts from 0.6 to 1.2 meters and
sometimes up to 2 meters, as indicated by Taunm@r6jl based on long term observations.
Prior to the construction of the Sela beach bretdnyahe nearshore bar was sounded and
found to have a crest elevation of about 1.0m belmnsea water surface level quasi-parallel
to the shoreline, as illustrated in (Figure 2). Wdweaking occurs on the sea side or on the
top (crest) of the sand bar and almost the entidéhwvof the foreshore is covered by surf. The
area between the coastline and the inner (onsisate)of the bar acts as a velocity field in
which flow takes place in all directions (Figure AJong the nearshore bar there are breaks
(channels) or rip passes through which rip currargsforced out to the sea. On top of the bar
the water seemed to be air entrained, absorbingemtsr from both sides. The bar
configuration, rip passes, currents velocities aeéctions are changing under different
waves conditions. This flow field, the rhythmic bametry and the difficulty of returning to
the shore due to rip currents are the reasonsowfrdng accidents, conditions very similar to
the north western Egyptian Mediterranean coast.
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Figure 2: Schematic diagram of nearshorebar and near shore current.

Due to the increasing demand for safe swimming timmg with minimum impact on the
shoreline and keeping acceptable water quality, seuwlies have been conducted to meet
these requirements using appropriate coastal ategt The Shore Protection Authority of
Egypt (SPA) conducted a study in 2002 for the dgwalent of the North-West coast of Egypt
and recommended the use of a perched beach assilpadternative for safe swimming
conditions along the Al-Arab bay zone, located frAlPAgamy at Km 21 to Al-Alamin city

at Km 120 (along the Alexandria-Matrouh road). Heem none of the perched beach designs
have been constructed to date. Thus, the actufdrpence of perched beach is not well-
known yet. Recently in 2011, one design was apprdwe the Egyptian Environmental
Affairs Agency (EEAA) at Km 38 along the Alexandiiéatrouh road. The construction of
this perched beach started in 2012 and was conagigt@013. Thus, the actual field effect of
the perched beach can be monitored and comparédthgtresults predicted by numerical
models.




2. STUDY AREA:

The pilot area is the coast of a new tourist redodated at Sidi Krir, kilometers
39.774/40.078 west of Alexandria along the Egyptinthwestern Mediterranean coast, as
illustrated in (Figure 3). In this study, a locatibas been selected where the shoreline makes
an angle of 40 with the North direction. Thus, the predominantves are almost
perpendicular to the shoreline and consequentlyskbhge of the beach is steep, making it a
dangerous location for swimmers. Due to the stémgesn the upper part of the beach profile
in the study area (water depth < 8.0m below Meam |Sel (MSL)), waves break close to
the shoreline where people tend to swim. The brgakiaves make it difficult for swimmers
to move freely and may even cause them to remapiaice due to seaward drifts caused by
the undertow and the rip currents. As a resulhefdadverse effect of the steep beach profile,
swimmers reach relatively large water depths withishort distance from the shoreline. If
they reach 30-50m from the shore line, it is to@epmléo stand on the sea bed. This, in
combination with the breaking waves, allows for @y narrow usable strip for most
swimmers along the beach.
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Figure 3: Location map of the pilot area.

The layout and dimensions of the proposed percleedtbis shown in (Figure 4). The resort
beach is 300m long, but the protected length isr208aving 50m on both sides of the groins
open to the sea. However, simulations using the 8\8el have been made for 3000m along
the shore line, extending for about 1500m normathe shoreline to limit the boundary

effects on the study area. The perched beach dgnkes two bounding groins and shore
parallel breakwater at water depth equal to 3.5he groins extend for 120m normal to the
shoreline and have some opening in its body, seaither a pipe or a gap.



Shoreline in 19-5-2009

| New Shoreline after construction |

Figure 4: Thelayout of the proposed perched beach.

Simulations have been made for the case of thenpdrbeach before construction in order to
evaluate the problems encountered in the beack. cdse was called the baseline condition
and shall be used as a reference condition. Basdbeoresults of the wave rose in the El-
Dekhiela port (Figure 5), it has been found thatehwave conditions are of major
importance, i.e., two during the summer seasonaaedin winter, as shown in Table 1. The
dominant wave height all over the year in deep wiat&.77m and it occurs for (20-30) days
during the summer season. However, in the summeodp¢he most relevant for beach
recreation and swimming condition, wave heightiea significant wave height (Hs) of
2.5m for (4-5) days.

Table 1. The dominate wave conditions.

Wave Condition Hs (m) T(s) Duration (days) Notes
1 1.77 5.0 20-30 In summer
2 2.50 7.5 4-5 In summer
3 4.50 10.0 0.86 In winter
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Figure5: Thewaverose at awater depth of 13m in El-Dekhiela Port (2001-2005).

Various configurations of the perched beach havenbdescribed and simulated and the results
analyzed to provide general guidelines for theglesif a perched beach within the Al-Arab Bay zone
denoted as Cell 5 of the North West coast of Eg¥jte proposed alternatives have various
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configurations, including: submergence ratio of thesakwater, groin with/without gap and
emerged/submerged groin. The alternatives have bempared from the point of view of wave
height, currents velocities, and flushing and slmeechanges. It should be noted that the consduct
perched beach is denoted as Alternative (04) irctineent study.

2.1. The proposed alter natives:
The proposed alternatives have various configunatias follows:

Alternative (01): Submerged groins and breakwaters:

This alternative proposes a shore parallel breadvaatd two groins having their crest at -0.50m MSL.
Figure 6 shows the layout of the structures andbtitk levels as presented by the SMS model. This
alternative has all the merits of submerged strestue.g., an aesthetic view, moderate waves, good
flushing, etc.

Alternative (02): Submerged breakwater and surface piercing groins:

This alternative is similar to Alternative (01) eyt that the groins are constructed higher than the
water surface at +2.0m MSL (Figure 7). This altém@aenables the possible economic use of the
groins for recreational activities, but it affethe sight distance of beach visitors to some extastto
interruption of the sight line at the boundaries.

Alternative (03): Submerged breakwater and surface piercing groinswith a gap:

This alternative is similar to Alternative (02),tlihe west groin has a gap located at 1/4 of teegr
length measured from the offshore head and thegeaist has another gap at 1/4 of the groin length
measured from the shoreline (Figure 8). The prapgs@s are sought to help flush the protected area
and allow less trapping of long shore sediments.

Alternative (04): Submerged breakwater and groins with a gap:

This alternative is similar to Alternative (03),tkhe crest level of the two groins is at -0.50mLMS
Figure 9 shows the layout of this alternative gmeltopography of the sea bed generated by the SMS
model.

Alternative (05): Very low crested breakwater and groins:

This alternative is similar to Alternative (01),tlthe crest level of the two groins and the submerg
breakwater is at -1.25m MSL (Figure 10).

Alternative (06): M edium low crested breakwater and groins:

This alternative is similar to Alternative (01),tlthe crest level of the two groins and the submerg
breakwater is at -0.9m MSL (Figure 11).
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Figure 6: Layout of perched beach and sea bed levelsfor Alternative (01).
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Figure 7: Layout of structuresand sea bed levelsfor Alternative (02).
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Figure 8: Layout of structuresand sea bed levelsfor Alternative (03).
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Figure 9: Layout of structuresand sea bed levelsfor Alternative (04).
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Figure 10: Layout of structures and sea bed levelsfor Alternative (05).
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Figure 11: Layout of structures and sea bed levelsfor Alternative (06).

The baseline and each alternative have been tedtfedhree wave conditions: 1.77m, 2.5m and 4.5m
approaching from the North West direction and regné moderate to severe wave conditions. The
presented results are mainly focused on the fledd finside the perched beach and the adjacent area
along the shoreline. Moreover, the shoreline charfjgmsion/accretion) have been investigated.

2.2. Field measur ements;

The survey is performed from onshore the high wiaterto 10 meters and more offshore relative to
Admiralty Chart Datum (A.C.D.) The survey was penfied using echo-sounder and differential GPS.
Total station, stands with reflectors are usedtlier beach face and backshore. The water depths are
corrected to account for sea water level fluctuetito be relative to A.C.D.

Sediment samples at the study area region werectedl at different depths/locations along the coast
Sea bed soil samples are collected from the backsimal the beach face up to 6 meters water depth.
Laboratory grain sizes distribution tests perforrf@dhe samples illustrate that the backshorethad
onshore part of the beach face consist of wellggtadedium sand. Samples collected in water depths
close to 2 meters are medium to coarse sand wioigld de attributed to the washing of fine sand
during collection of samples by divers. From analysf the sediment sample in the study area, it is
cleared that the sand on the beach and in the ygapenf the coastal profile is coarse, in the pafe
D50= (0.3-0.7) mm, while in the deeper part (belM8L-2m) the median grain size somewhat
smaller, in order of D50= (0.2-0.3)mm.



The net long shore sediment transport in pilot asea&ery small to negligible. On the basis of
computations and observations near the south-webtaindary of the pilot area, the net long shore
transport is estimated to be slightly north-eastealed with a magnitude of 15008year
approximately. Near the north-eastern boundaryhef pilot area the net long shore transport is
estimated to be negligible

Another set of data regarding the waves were deliefrom the available sources such as the Coastal
Research Institute (CoRI) and the Hydraulics Re$ebustitute (HRI).

2.3. SM S modd!:

SMS is a finite difference model originally devedmp by Brigham Young University 1985 in
cooperation with the U.S. Army Corps of Enginedfsgineer Research and Development Center
(ERDC), and the U.S. Federal Highway AdministratigtHWA). Wave models in SMS include
CMS-Wave, and BOUSS-2D and include both spectrdlvaave transformational models. The SMS
model adopts GENESIS based on the one-line thewrgeddiment transport calculations Hanson, H.
(1987). Numerical wave models BOUSS-2D and CMS-Wmay be used together (coupled) to
evaluate potential alternatives of coastal planfing/arious coastal conditions.

CMS-Wave Lin et al. (2008), Lin et al. (2011), Debilek et al. (2007a) is part of the Coastal
Modeling System (CMS) for simulating combined wavesirrents, sediment transport, and
morphology change at coastal inlets, estuaries,ried mouths Demirbilek and Rosati (2011). The
CMS-Wave is a spectral wave model belonging toptiese-averaged class. It is commonly based on
Energy Balance equation. It performs steady-stagetsal transformation of directional random waves
co-existing with ambient currents in the coastalezoThe model simulates half-plane and full-plane
wave propagation, so that wave generation, wavectedn and bottom frictional dissipation of multi-
directional waves can be considered. BOUSS-2D tiwcadimensional (2-D) phase-resolving wave
model that employs a time-domain solution of fullgnlinear Boussinesg-type equations for waves
propagating in water of variable depth. The thecaébackground and user manuals for BOUSS-2D
are available in CMS technical reports and CHETNsDbilek et al. (2005a), Nwogu et al. (2001).

Based on the bathymetric survey, rectilinear ghdge been generated and the associated depth files
have been prepared for the wave models (CMS-WAVB@USS-2D). The model extends 3000 m
along the shoreline and 1500m offshore. A high gesblution has been applied in the area of the
proposed structure (perched beach) in front of ttheist resort, and a low resolution has been
implemented far away of the area of their influentlee grid cell size (5 x 5m) is fine inside the
structure area and the adjacent regions while doisrse (20 x 20m) in the far field till the open
boundary (240 cells along the shoreline and 15 a#fshore). The model grid meets criteria for
smoothness (adjacent cells do not differ much 2e)sand orthogonally (the angles of the comers of
the cells are close to 90°), in order to avoid #magall disturbances due to irregularities in thiel gr
grow to governing features during the computatidme average effective grain size of the soil oa-sit
is found to be 0.3mm, the average berm heightnspeded and found to be 2m and the closure depth
is considered to be 8m. Based on the measuredlisiesref 2007, 2009 and 2012 the model was
calibrated. A comparison was prepared between dnepated and measured shoreline changes for
different cases of different calibration coeffidignK1, K2) in the longshore sediment transport
formula. It has been found that the best valuethefcalibration coefficients for the study site are
K1=0.45 and K2=0.10.

2.4. Baseline condition:

(Figure 12) shows the wave direction and heightvages approach the shoreline for moderate and
severe wave conditions. It can be observed thatesvapproach the shore normal to it due to
refraction. The variation of wave heights along deaterline of the project area for the case before
constructing the perched beach (Shoreline is Idcatelistance=0) is presented in Figure 13. Ithman

observed that the waves break at distances of 1628m and 40m measured from the shoreline for
deep water wave heights of 4.5m, 2.5m and 1.77specively. Also, it can be observed that only a
narrow strip of less than 30m, having a wave hegjtéss than 0.60m for H=1.77m, exists. Thus, the
beach is unsuitable for swimming even during theuaence of moderate wave heights. Also, it can



be observed that for a wave height of 4.50m, theeweeight decreases rapidly when compared with
incident waves of 1.77m and 2.50m.

Figure 12: Computed wave height and direction in the study area (H=2.5m, T=7.5sec and direction isNW)
for the baseline case

The location of the breaker line for the dominamghhwaves during the summer season, i.e.,
H=1.77m, is very close to the shoreline hence iimgitthe surf zone against the convenience of
swimmers. It can be observed that there are twakierelines, i.e., in deep and shallow water.

Moreover, a strong rip current can be noticed gip dead, which is formed offshore. Although the

breaker line is shifted offshore and the surf zdreeomes wider than the case of H=1.77m,
considerably large waves exist near the shorelitk aasecondary breaker line is formed. It can be
concluded that swimmers should abandon the sea lkang period during the summer season due to
the occurrence of H=1.77 and 2.5m waves.
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Figure 13: Computed wave height along the centerline of the beach.

(Figure 14) shows the flow field in the pilot aréave transects along the shoreline of the resert a
shown, namely as C.S.1~C.S.5, and C.S.3 is atewtrcenterline. Furthermore, the cross shore and
the long shore currents are also computed as shoyfRigures 15-a and 15-b). It is clear that the
transect C.S.3 shows the largest long shore vglaaitl has a maximum of 0.68m/s for H=2.5m. The
rip current reaches a maximum value of about 0.8%0¢urs at C.S.4 for H=2.5m during the summer
season. It can be confirmed that the rip currergsganerally large and dangerous for more than a
month every year during the summer season (see Tblt can be concluded that the presence of the
hazardous rip currents, circulation zones and tiverse effect of the steep profile along the coést
the pilot area, in combination with the breakingves makes that only a very narrow strip (20m
approx.) of coastline usable by most swimmers.tBere is an essential need to construct a suitable
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coastal structure in the pilot area in order toatresafe conditions for swimmers with minimum
shoreline change.
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Figure 14: Current velocity in the beach for H=2.5m, T=7.5sand direction isSNW.
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Figure 15-b: Crossshorecurrent at the profilesfor H=2.50m.

3. IMPACTSOF THE PERCHED BEACH:

Numerical simulations have been made for the chleecactual dimensions of the structures and site

specific conditions [Alternative (04), (Figure 9)i.can be observed that two openings exist in the

west and east groins, and dredging works have applied to provide better shape of the beach and

nearly uniform bed slope within the perched beach.

(Figures 16-a and 16-b) show the wave directiontaidht as the waves approach the perched beach
from the prevailing wind direction for H=1.77m afdm. It can be observed that the incident wave is

partially reflected at the submerged breakwater @ndll waves are transmitted to the protected area
over and through the permeable submerged struciOres the submerged breakwater, the combined

effects of wave shoaling and damping occur duehéochange in the water depth and the dynamic
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interaction with the flow inside the submerged kreater. The gap allows some wave energy into the
perched beach and high waves are formed at ithafsface. Thus, it is recommended to prohibit
swimmers from accessing the opening, and a strdéastio wire mesh should be installed in the

openings to save swimmers from any possible movetheough them.
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Figure 16-a: Computed wave height and direction in the vicinity of the structurefor H=1.77m.

Figure 16-b: Computed wave height and direction in the vicinity of the structurefor H=2.50m.

It is also evident that wave breaking takes pla@s the submerged breakwater, and small waves are
transmitted to the protected area (Figure 17)ait be remarked that the transmitted wave height is
always less than 0.75m even for the extreme waightef 4.5m, but it is less than 0.5m for all athe
incident wave height conditions. Comparisons betwbe wave heights for the cases before and after
construction of the perched beach are evident igu(E 17). It is worthwhile that before the
construction of the perched beach, large waveddcapproach the shoreline at a height of more than
1.0m for the prevailing deep water summer waveks. 67m in height. The latter waves break at about
40m from the existing shoreline and the broken weeight is less than 0.5m within the last 20m from
the shoreline. This causes inconvenience to swirmimee to the limited width of the surf zone and
possibly large induced rip currents.
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Figure 17: Computed wave height at the centerline of the per ched beach (at the profile C.S.3).

The virtue of the perched beach is well pronouragdhown in (Figure 18) as the current velocities i
the protected area become very small due to thstrwmtion of the perched beach. The velocity inside
the perched beach is less than 0.5m/sec whichris a@nvenient for swimmers even during the
extreme incident wave conditions. It can be obskthat no rip current or circulation occur insitie t
perched beach, which is safe for swimmers. On therdhand, rip currents and circulation zones are
evident outside the perched beach.

The cross and long shore currents along the cevdesf the perched beach for various incident wave
conditions are presented in (Figures 19-20). It bamoticed that the rip currents are almost null
during moderate summer waves, i.e., H=1.77m, aadems 0.2m/s during high summer waves, i.e.,
H=2.50m. On the other hand, the long shore cuiiraitie the perched beach is less than 0.5m/sec
during the summer waves. The maximum long shoreentivelocity reaches 0.70m/s and 0.60m/s
during summer for H=2.50m and H=4.50m, respectivelyd occur at the offshore toe of the
submerged breakwater outside the perched beacis. dlso evident that eddies are sometimes
generated at the west corner of the submerged watekand large current velocities are induced at
the offshore toe of the submerged breakwater (Eid®) for the highest summer and winter waves,
i.e., H=2.5 and 4.5m. Thus, additional toe protettias been made during construction at the latter
locations to save the breakwater from toe scour oskible failure. The currents also cross the
opening in the west groin to the perched beactelatively slow velocity before they reach/pass the
openings in the east groin. (Figure 18) shows tivatlarge eddies are generated during the highest
summer wave, i.e., H=2.5m, and are located at thetvand east sides of the perched beach.
Observations have been made after the completéraotisn of the perched beach and confirmed the
aforementioned results of the numerical model goeat extent.

e

Figure 18: The current velocity in thevicinity of the structure for H= 2.50m.
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Figure 19: Long shore current velocity along C.S.3 befor e/after construction of the perched beach
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Figure 20: Rip current velocity along C.S.3 befor e/after construction of the perched beach

4. ALTERNATIVESDISCUSSI ON:

The proposed alternatives have various configunatiocluding: submergence ratio of the breakwater,
groin with/without gap and emerged/submerged grohe alternatives have been compared from the
point of view of wave height, currents velocitigkjshing and shoreline changes. In the current
discussions, it has been focused on the case dfmaaxdeep water wave in summer, i.e., H=2.5m.

4.1. Wave height:

Comparisons between the wave heights for the daskse and after construction of the perched
beach are evident in (Figure 21). The computatlunse been made for the different alternatives, as
well, for various values of d/h (crest height/wadepth), as shown in (Figure 22). It is observeat th
wave breaking takes place over the submerged betakwand small waves are transmitted to the
protected area. These figures confirm that a pat#ding wave is formed in front of the breakwate
and nonlinear wave damping takes place over it wifimaller wave being transmitted to the onshore
side. The results also suggest that wave energipditon depends greatly on breakwater heighs It i
shown that the higher the breakwater is, the Idhertransmitted, but the slightly higher the retielc
wave energies are. It has been found that thenhitbesl wave height is less than 0.60m for the
alternatives: Alt. (01), Alt. (02), Alt. (03), andlt. (04) which have the same submergence ratio
(d/h=0.84) , which means that the site can be fizedecreational purposes for most of the summer
season. On the other hand, the transmitted wawghthis more than 0.6m for the alternatives: Alt.
(05), and Alt. (06). (Figure 23) shows that theseno significant effect on the wave height at the
centerline of the perched beach due to the gagsoin and the emerged/submerged groins. So, these
wave conditions are considered as non-comfortablesing conditions, as stated by Sasaki et al.
(1975) and hence these alternatives do not preateswimming conditions.

14



Computations have also been made for the transmissiefficient (Kt) using various well-known
formulae available in literature. The values of doefficient of transmission either computed by the
empirical formulae or the results of the SMS moadaale been presented in Figure 24. It has been
found that the value of Kt for the actual dimensiar the perched beach (Alt.04) is 24% as per the
SMS model, but it is 22%, 38%, 45%, 52% and 68%a@sputed by Van der Meer et al. (2005),
d'’Angremond et al. (1996), Van der Meer and Dae(i€84), Tanaka (1976) and Goda and Ahrens
(2008), respectively. It can be concluded that $iMS model results agree reasonably with those
computed by Van der Meer et al. (2005) and d'Angrasinet al. (1996), but Tanaka (1976), Van der
Meer and Daemen (1994) and Goda and Ahrens (2068y snuch higher values. Thus, only the
results of Van der Meer et al. (2005) and d'Angnedhet al. (1996) are considered applicable to the
current perched beach. Generally, it can be stdtetlthe maximum transmitted wave height in
summer varies from 0.55m to 0.95m as computed &6MS model, Van der Meer et al. (2005) and
d'Angremond et al. (1996) formulae.
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Figure 21: Computed wave height along the centerline of the per ched beach (H=2.50m).
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Figure 24: Computed values of the transmitted wave height using various empirical formulae and SMS.

4.2. Current velocity:

The cross and long shore currents along the cemedf the perched beach for the different
alternatives are presented in (Figures 25-28) duhigh summer waves, i.e., H=2.50m. It can be
noticed that the rip currents before constructibthe perched beach are more than 0.7m/s, while the
decrease after construction to 0.2m/s inside thehpd beach. Also, it can be noticed that the long
shore currents are less than 0.2 m/s for a dist@@oe offshore, but after this distance they inceeas
rapidly to reach 0.46ms/, 0.68m/s and 0.77m/s isecaf d/h=0.84, d/h=0.72 and d/h=0.62,
respectively, and occur at the offshore toe ofstiiemerged breakwater outside the perched beach. So,
it can be confirmed that the higher the breakwistethe lower offshore currents are. Also, attemtio
should be given to design of the breakwater toethEumore, swimming close to the offshore side of
the breakwater is forbidden.

Moreover, it can be observed that the effect ofdllemergence ratio (d/h) on the rip current is bmal
compared to its effect on the long shore curréftie. emerged/submerged groins have significant teffec
on the cross and long shore currents inside thehpdrbeach. On the other hand, the gaps in tha groi
have no effect on the cross and long shore curiesige the perched beach, as shown in (Figures 27-
28).
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4.3. Shoreline changes and flushing:

Computations have been made using the GENESIS {iHatt887) program within the package of the
SMS model for shoreline locations. Calibration leen made for the sediment transport model
(GENESIS) using the bathymetric survey data coretlict 2009 and 2012, before commencement of
construction of the perched beach, and the measnr2d13. (Figure 29) shows the computed and
measured shoreline changes after one year frompehehed beach construction. A comparison was
made between the computed and measured shoreliwegesh for different cases of different
calibration coefficients (K1, K2) in the longshaediment transport formula. The correlation shown
in (Figure 30) illustrate that the best values lo¢ ttalibration coefficients for the study site are
K1=0.40 and K2=0.08. According to the proposed, tbeg shore sand transport calibration
coefficients, it can be observed that there ardlgfifferences between the computed and measured
shoreline changes along the up drift and down dfithe structure.

Moreover, computations have also been made foriginegl the shoreline changes after complete
construction of the perched beach being in JanRaiB with the results being presented in (Figure
31) after 3 years later, i.e., 2016. The longsts@diment transport has been calculated based on the
Ozasa and Brampton formula in the SMS model. Théraesport has been computed over three years
of simulation, including seabed update. The congpuit sediment transport rate that corresponds to
the period 2009-2012, i.e., before constructiontioé perched beach, has been found to be
15000ni/year and its direction is eastward. (Figure 319vshthe shoreline at the west side of the
perched beach progresses along the groin duringettied 2013-2016.

The shoreline at the up drift side has been ardiegbto progress for 13.3m/year seaward in case of
gap (Alt. 01) and for 11.7m/year if the gap is kelgar (Alt.04) during the period 2013-2016 (Figure
32-33). Thus accretion is slightly slower in caé¢he gap than in case of no gap. It can be sthizd
the gap allows some sediment to cross the grom tiné perched beach and hence less accretion
occurs at the up drift side. On the other hand,dinen drift side has been found to erode at a slow
rate. The shoreline at the down drift side has lieend to retreat for 4.5m/year in case of no gslp (

01) and for 2.8m/year if the gap is kept clear @). As well, erosion is slightly slower in cadetlte

gap than in case of no gap. The accretion ratdéas estimated by the numerical model and found to
be 9600 to 7200fyear at the up drift side. The corresponding emsate has been found to be 6850
and 5100nyear for the cases of no gap and gap, respectivédtiiough the erosion is generally
within acceptable limits, the gap seems to conaldlgrreduce the erosion rate and shoreline retreat.
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Figure 29: Computed and measur ed shor eline changes around the perched beach.
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construction as compar ed with the case without a per ched beach.

Moreover, the submergence ratio has significargcefbn the shoreline changes. The shoreline at the
up drift side has been found to progress for 13y8ar, 9.3m/year and 6.7m/year toward the sea in
case of d/h=0.84, d/h=0.72 and d/h=0.62, respdygtiVehile, the shoreline at the down drift side has
been predicted to retreat for 4.5m/year, 2.5m/gedr 1.3m/year toward the shore in case of d/h=0.84,
d/h=0.72 and d/h=0.62, respectively. The accretiate has been found to be 96G0year,
4800nilyear and 3600m3/year at the up drift side. Theesponding erosion rate has been found to
be 6850rﬁ/year, 2400m3/year and 205?]year for the cases of d/h=0.84, d/h=0.72 and d620

respectively (Figures 32-33).
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It can be observed that the emerged/submergedsgnawve significant effect on the shoreline changes
along the up drift and down drift of the percheddye as well. In case of emerged groins (Alt. B2) t
shoreline at the up drift side progresses 20.0m/ged the shoreline at the down drift side retreats
7.2m/year. In case of submerged groins (Alt. Ohg shoreline at the up drift side progresses
13.3m/year toward the sea and the shoreline atdhe drift side retreats 4.5m/year toward the shore
The accretion rate has been found to be 203f@ar and 9600fyear at the up drift side for Alt. 02
and Alt.01, respectively. The corresponding erosiate has been found to be 1596@mar and
6850ni/year for the cases of emerged groins and submegént, respectively. Although the erosion
is generally within acceptable limits, the submedrgeoins/breakwater seems to considerably reduce
the erosion rate and shoreline retreat.
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Figure 32: Accretion and erosion rates around the perched beach for various alter natives.
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Figure 33: Accretion and erosion volume rates around the perched beach for various alter natives.

To minimize and mitigate erosion at the down diseind nourishment is considered to be the most
straightforward soft approach. Thus, it is posstblenove the sand from the accretion zone in the up
drift to nourish the erosion area in the down difihis will allow coarse sand particles depositetha
up-drift to nourish the erosion zone in the dowiit dinstead of the finer particles, and hence enosi
rates would decrease over time.

For the constructed alternative in the pilot aréé.@4), it is recommended to perform the sand
transport once every 3 years to limit the maximumrsline retreat to a maximum of 10m while
keeping the gap in good working condition. It iscakvident that the shoreline at the up-drift s&le
almost unaffected by the perched beach after 100ay drom the west groin within the period of
2013-2016, which is less than the groin length.t@nother hand, the extent of erosion at the down
drift side is limited to about 200m away from tlestegroin during the period 2013-2016, which is les
than twice the groin length. The shoreline in thetgcted area has been found to be almost unatfecte
during the period 2013-2016 due to the low currehtss noteworthy that the spacing between the
groins in the protected area in 2013 and 2016 kas brtificially made by dredging early in 2013 to
adjust the beach profile in the protected area. araual nourishment to mitigate the erosion at the
down drift, is estimated to be 630&nThe grain size and schedules for the nourishrakatld be
carefully prepared taking into account the socigéct.

Further computations have been made for the flgshéwe based on the relation between the tidal
range and the structure height. It has been fobatthe flushing rate inside the perched beachesang
from 2 to 3 days, during the frequent occurrenceusfimer storms (H=2.5 and 1.77m) and is always
less than 6 days most of the time. These valuesnaaegood agreement with the required flushing
time in hot climate, which is between 4 and 6 détys. known that the long flushing time will leaol
deterioration in the water quality.
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4.4. Assessment of alternatives:

Sasaki et al. (1975) conclude that the comfortalienming conditions exist when breaker heights are
smaller than 0.6m and current velocities smallantd.2m/s. Furthermore, the required flushing time
in hot climate is between 4 and 6 days. Based erstfied comfortable swimming conditions and the
results data, it can be stated that the proposerhatives are acceptable from a flushing pointiedv.

It can be observed that the transmitted wave heightthe current velocities are acceptable for the
alternatives: Alt. (01), Alt. (02), Alt. (03), analt. (04) but are unacceptable for the alternativids

(05) and Alt. (06).

Although, the shoreline changes are minimal in cabealternatives: Alt. (05) and Alt. (06),
nonetheless, these alternatives are unacceptabileefdoransmitted wave height and current velcogitie
Also, the flushing rate inside the perched beaclaligays less than 6 days in all alternatives.
Moreover, the shoreline changes in case of alteegtAlt. (05) and Alt. (06) are larger than thber
alternatives.

It can be judged that the configurations of altéues: Alt. (01) and Alt. (04) are the most suigbl
but still Alt. (04) is the better due to the graaps effectiveness. Thus, it can be consideredtltieat
configurations of alternative (04) provide guidebnfor the design of a perched beach within the Al-
Arab Bay zone in Cell 5 of the North West coasEgypt.

5. CONCLUSIONS:

This study has been conducted to investigate thmlbcase of a perched beach as a pilot projengalo
the North-West coast of Egypt. The main purposthefperched beach is to provide safe swimming
during the summer seasons for visitors of a coastdrt while minimizing the possible negative
impacts on the environment. Investigations haven lmeade for the case before and after construction
of the perched beach to clarify the impacts ofghet project using the SMS numerical model. The
results of the study can be used for the applinationew coastal protection systems. The following
points have been concluded:

= Large current velocities and eddies are generdtedore the submerged breakwater and offshore
the west groin. The need for extra toe protectiothese locations is far more evident than other
locations. Attention should be given to bed scout ®@e design.

= The wave energy dissipation depends greatly orkimagar height. It is shown that the higher the
breakwater is, the lower the transmitted but tigh#l higher the reflected wave energies are.

» The combined use of empirical formulae and theltesifi the numerical models to estimate the
transmitted wave height and design of a submergeskvater are useful tools in coastal studies
especially along the North-West coast of Egyptds been found that the value of Kt for the
actual dimensions of the perched beach is 24%rab@&MS model.

» The higher the breakwater is, the lower offshomeerus are. It should be taken into consideration
to pay close attention to the breakwater toe answion close to the breakwater due to large
currents occurring around it.

» The effect of the submergence ratio (d/h) on theuirent is small compared to their effect on the
long shore currents.

» The emerged/submerged groins have significantteffe¢he cross and long shore currents inside
the perched beach. On the other hand, the gamin lgas no effect on the cross and long shore
currents inside the perched beach.

» The accretion is slightly slower in case of the tfagm in case of no gap. It can be stated that the
gap allows some sediment to cross the groin inopterched beach and hence less accretion
occurs at the up drift side. On the other handdtven drift side has been found to erode at a slow
rate.

» The submergence ratio has significant effect on #feoreline changes. Also, the
emerged/submerged groins have significant effe¢hershoreline changes along the up drift and
down drift of the perched beach, as well.

= To minimize and mitigate the erosion at the dowift,ddand nourishment is considered to be the
most straightforward soft approach to beach erosidms will allow coarse sand particles
deposited at the up-drift to nourish the erosiomezio the down drift instead of the finer particles
and hence erosion rate would become less oveintke t
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» The configurations of alternatives: Alt. (01) anti. £04) are the most suitable, but still Alt. (04)
preferred due to the groin gaps effectivenessitSmn be considered that the configurations of
Alternative (04) provide guidelines for the desgjra perched beach within the Al-Arab Bay zone
in Cell 5 of the North West coast of Egypt.

» For the constructed perched peach (Alt.04), itdegs found that:

The maximum length of erosion in the down driftsteaf the jetties) is less than twice the
jetty length and the shoreline retreats at less 8m/year, but the maximum accretion length
is less than the jetty length and the shorelingmsses is less than 12m/year. The rates of
sediment transport up drift and down drift the pext beach are 7200 and 51GGrear,
respectively, and sand nourishment is recommendeg every three years. The residual
adverse impacts could be generally alleviated tjincai routine sand nourishment program of
the shoreline.

The flushing rate inside the perched beach has fmeem to range from 2 to 3 days, during
the frequent occurrence of summer storms (H=2.5laidm) and is always less than 6 days
most of the time. These values are in a good agreewith the required flushing time in hot

climate, which ranges from 4 and 6 days.
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