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ABSTRACT

Rosetta promontory is exposéal continuous erosion problem. Many coastal protection
measures wereonstructedqguch as revetments, and groins at the eastern, and western sides)
to stop or minimize such erosion. At the site, the situation still unstable in the area.
Nourishment wagecommended through the last decades as a soft structure to solve the
erosion in many beaches around the world. Before investigating the nouriskiteamdtive,
thefate of the sedimentation should be accurately identified.

This paper investigates the fate tbe released sediments during nourishment process at
Rosetta promontory, EgypEirstly, theCoastal Modeling System (CMS) was run to employ
its outputs like, waveransformation, flow circulation, water levels, sediment transport, will
be used as inputsoff (PTM)model.PTM software was applied to the study area. PTM
simulates the spatial distribution of nourishment material in the open water after
releasing from the source in terms of identifying the suitable locations for the placement sites,
the proper grain size of the used sediments, and describing the qualitative behavior of the
particle state (suspended, and deposited) during , and after nourishment proaediiolm,
CMS was applied to investigate teffect of the near shor@ourishmat. Three scenarios
were tested based on the results obtaireed TM.

It was includedthat nourishmenscenarios are not sufficient to create the stability for the
promontory, but a combination of constructiohhardstructures, and theourishment tbe
adopted in the next future work.
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1 INTRODUCTION

Rosettaoutlet islocatedat theterminal of Rosetta branchf Nile River. Its locationis
about60 km to the east of Alexandria city, Egypt as shdsgure (). The environmental
problem is sedimentation insidhe outlet and the continuous erosion which increased
dramaticallyafter the construction of High Aswan DdHl, Sayedet al. 2007)(Masria etal.
2013)(Masriaet al.2014a)

Different photos wereanalyzed and remote sensing techniques were used to monitor the
impact of the Nile River control and the coastal dynamic regf{frény, 1988) (White & El
Asmar, 1999)(Dewidar & Frihy, 2008) From previous studies, it was revealed that the outer
margin of both Rosetta and Damietta promontories seem to be the most eroded areas.
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Many coastal protection measures were etagtuto overcome the erosion proble(|
Sayed et al., 2007)These hard structures improve thituation atits site but the erosion
movesto nearbyarea.

PTM was applied for different projediisin et al., 2013)simulated the placement of
dredged sediment placdd the neasshore north of Noyo BayCalifornia using PTM
combined with CMSo evaluate a locatiosite that is economically feasible fthre optimum
sediment placement. Moreovgrackey & MacDonald, 2007)assessed the impact of
dredging and placement operations on contaminant transport, sensitive habitat, endangered
species, and beneficial usetivity. Theaim of thispaper is to investigate the sediment
transport mechanism during , and after nourishment process with different grain sizes of the
borrow material. Moreover, othgparameters like sediment volume, and location of
placement site will be tested based amrtsults of particle tracking model.

Mediterranean sea
Rosetta prgmontory

T -iNile Dejtg -

" Google earth

Figure 1.Location of study area (Rosetta promontory at the terminal oRosetta branch), Google
earth.

2 MATERIAL AND METHOD

The CMS and PTM models were applied tietermine the sediment fate and movement
afterreleasing nourishmemhaterial at the placement site, and to investigate the erosion rate
in front of the revetments.

2.1 Coastal Modeling System(CMS)

The CMS interactively calculates wave transformation and svaligced currents, water
level change by tide, wind, and waves, interacting waves and currents, and sediment
transport and morphology changBemirbileket al. 2008) The output of the CMS afté¢nat
wasused as the input data for PTM.

2.2 Particle Tracking Model (PTM)

PTM is a Lagrangian particle tracking model which simulates sediment movement of
multiple sediment types in a flow field, while including processes such as erosion, transport,
deposition, and rsuspensiofiackey & MacDonald, 2007)t is designed to track the fate of
point sourceconstituents (sedimerthemicalsand debrigeleased from local sources such as
dredges, placemesites outfalls in complex hydrodynamic and wave environment.

In addition to the hydrodynamic inputs that are used as a forcing for particle dynamics,
PTM need mesh, to characterize the native bed sediment, releasing rate of nourishment
material, median gm size, standard deviation, and the start and end of the nourishment
process.
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2.3 CMS-PTM Setup

The setup of the CMS model (flow, and wave), forcing data, sensitivity analysis , and the
calibration of the model were described in details(khasria et al., 2013; Masria et al.,
2014,b). After the hydrodynamic data, native sediment dsaayce file and boundary cell
strings are generatetheCMS-PTM parameters can be specified

2.3.1Native, and borrow sediments

Native sediment in the area of interest is mostly inthe rangergffine / fine sand range.
The average median grain size is about(0.18mm).

For onshore borrow sites, the closest designgixedries comprising clean sand are located
on El Hamam, El Alamain and El Khatatba. El Hamam city is 65 km west of Alexandria,
which is about 100 km from the site. El Alamain is 100 km west of Alexandria, which is
about 140 km from the site. El Khatatbddsated on Cairé\lexandria road and is about 150
km from the site. The two median grain sizes are 0.24, and 0.32 mm which are coarser than
the native one.

For offshore borrow sites ,there are two zones with sediment size finer than the native
(d50~ 0.1 n'm) based on bathymetric survey and nature of soils belovbexkaat the
Mediterranean Sea at the Nile Delta publishedSymmerhayes, Sestini, Misdorp, & Marks,
1978). The first zone is located west of Rosetta branch within 10 km from shoreline. The
second offshore zone is to thast of study area(about 20 kiinyure (2).

A

Figure 2 .Marine sediments and bathymetry at Rosetta promontory showing the proposed
dredging area, modified after(Mostafa, 2012)

2.3.2 Placemensites

Two proposed options for the placement angase suggestesgshown in figure (3); a) the
placement area at the easterressl at 6mdepth, anddistanced 170 m from the revetment,
and the western one is at (4.5mdepth, and 45 m from the revetment), b) the placement area at
the east is at 7 m depth, and 800 m distance from revetment, and the westeyat 550 m
(at 6m depth For each placement site, four grain sizes were tested as in the table 1.
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2.3.3 Simulation details

Vol. 5 6No.1, March 2015

In this simulationnourishment ljorrow) material waseleased fo2 hoursfrom 12.00.00

AM to 2.00.00 AM on 1 December 2005 to mimic the placement operation.

PTM results

(sediment particle state, and grain size distrib)timare extractedfor different times, and

different grain sizes (the first grain size is finer than native, and tloméeés coarser).The
average flow discharge from the river during this month is 18/ m
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Figure 3. Thetwo potential placement scenarios for nourished materiala) near from the
revetment, b) far from revetment.

Table 1Tested grainsizes of the nourishment materiatelated to native one (recent)

Borrow material Dso Compared to native
1 0.1 finer
2 0.24 coarser
3 0.32 coarser

3 RESULTS AND ANALYSIS

3.1 PTM-results

Representative results from Rosett#let of PTM simulation for the two placement sites
under typical waves, and storm wave conditions are presentéigures ¢ to 7). In these

figures, blue particles represent suspended sediment and red particles represent sediment that
hasdeposited. Thgrain sze distribution was showed kigure (8).
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3.1.1 Thefirst proposed site

Under typical wave conditions (floodtide)

3 days after particle release for the

Figure (4ab) shows the particle state during flood tide
two grain sizesof nourishmentmaterial compared to the native one.lt is illustrated from

figure that

, different grain sizes released from the sediment sources (rectangular areas) are

transported to east direction due to the lshgrecurrents whicthas the same direction as the

wave propagation. On the other hand,

the particles transported to the west due the inclined

wave angle with the shoreline that generate the long shore currents to the west.

Some particles were deposited beside the revetments. The particles released from the

and this is due to the
It is concluded that

besidedepositing

and deposited inside the inlet,

horizontal line source were transported

nodal point at the easteside,and the turbulence in front of the inlet.

suspended sediments (blue color) are decreasing with increaaingige

offshore at the western side of the inlet.

currents in both sides.

In general, sediments movement is duesiodiang

Under typical waveonditions (ebltide)

7 days after particles release for the

b) shows the particle state during ebb tide

Figure (5a
two grain sizes of the borromaterial. Itis clear that most of particles from three sources are

transported offshore with the ebbrrent,and deposited

whélsome other particles inside the

inlet remain deposited because the weak flow discharge from the river. For coarser grain

and deposited compared to the finer one.
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Figure 4. Particle positions showing sedimergtate during flood tide, 3 days after particle
release for typical waves: a) borrow material is finer (,=0.1),b) borrow material is coarser

(d50:0.32).
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Under storm waveonditions

Figure (6a b) shows the particle state during flood tide, 24 days after particle release for

the two grainsizesof nourishment materialt is illustrated that longhore current is at its

maximum velocity. In addition, almost all of tfi@er particlesare transported away in the

wave direction passing the computational domain. In addition, there is no particles remains in

the placement areas.

On the other hand, for the coarser grain size, it is noticed that most of sediment particles
still deposited at the placement areas, and in front of it towards the in the offshore direction.

This shows that if the borrow material is coarser than the native bed, part of the sediments

transported in the offshore to recover the whole profile.
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Figureb. Particle positions showing sedimergtateduring ebb tide, 7 days after particle release

for typical waves: a) borrow material is finer (d50

0.1), b) borrow material is coarser (g=0.32)
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Figure 6. Particle positions showing sedimerdtate during flood tide, 24 days after particle
release for storm waves: a) borrow material is finer (g;=0.1),b) borrow material is coarser
(ds5¢=0.32)

3.1.2 The second proposed site
Under storm wave conditions

For the second proposed site, the behavior of the sediment transport is the same as the first
site for typical wave conditionsxcept inthe case of thetorm event. Figure (7#&) shows the
particle state during flood tide 24 days after particle release otwhegrain sizes of
nourishment materialln general,it is illustratedthat almostall of the finer particlesare
transported away in the wave direction passing the computational domain as the previous
placement area.

On the other hand, for the coarser grain size, it is noticedathaist allof sediment
particlesare nolonger deposited in the placement aresas] almost all the particlesere
transportedn offshore direction unlike the first proposed placement site where big amounts
of particles deposited at it.
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=0.32)

borrow material is coarser (d

Grain size distribution

distribution 15 days after particle release for the two grain

in size

sizes of nourishment material. Sorting by grain s

b) shows grai

Figure (8a

is observed .It is thegasmaller
are transported farther east and west, while larger

1ze

(d50=D.

particles for the grain size

ticed that smaller particles for gs&e (5,—=0.32 are
and offshore direction, while the bigger one nthim
increase of critical shear velocity for the coarser size of the

is no
sediments placed at nourishment site

On the other hand, i

particles are transported in offshore.
transported to the east, west,

placement areadue to the
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B borrow material is coarser(d50=0.32)

0.1),

(d50

System(CMS)
The CMS simulations were implemented based on the restilt8TM model.

placement site, for #hnourishment material waelected accordingp PTM results. It was

Figure 8. Distribution of the particles,
placement site with the proposed nourished depth to the original grid, iamdgis 61 i near 0

3.2 Simulation results for nearshore nourishment using Coastal Modelling
selectedat the hotspot of erosion areas (negative values of morphology change map) at
Three different scenarios were tested e as the following; a) placement site directly at the right
side of the nodal point ( eastern side of the promontory), b) the placement site is centered
above the nodal pointt @&astern side of the promontory, and c) the placement sites are
distributed at eastern and western side of the promontory. For each scenario, nourishment
depth at placement sites is (1 m) with sediment volume 300000mase sediment volume

will be presated in (CMS) as a uniform layer above the existing seabed inside the rectangular
placement area. Adding the nourishment will be executed through interpolating the scatter of

eastern and western side of the promontory shownguré ©)
point (the point where longhore sediment transport is diverted to east and west of it). The

sediment grain sizes for the nourishment scenarios will be (d50
The simulation period is one year starting fromt@er 2005 for thalifferent scenarios?
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interpolation and 6édistance weighteddé for extr
be correctly mapped.

Figure 10 shows the morphology change after (1 year), for different scenarios of 300 000
m°. From this figures, it is illusated that all scenario almost have the same trend in accretion
and erosiorrate comparedo no action case except teecondand the third scenaridbat
create locally accreted areas for the eastern profiles.Generally, it is recommended to
investigate e effect of the combination of the spfbtection,and the hard structures in the
future work to mitigate the erosion rate, and to overcome the siltation problem inside the inlet.

Current veloci
—* 1.08 m/s

Mom?low m‘xngo
3.0

Figure 9. The nodal point at the eastern side of the Retta promontory .

morphology change

Figure 10. Model results of the morphological changes of differenhearshorenourishment
scenarios for (300 0000 m3 of sediments a) no action, b) right side of nodal point, c) centered at
the nodal point, d) at both eastern and western side.
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