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ABSTRACT

Inlets are evechanging environmental features. Rosetta promontory suffers from many
environmental problems (e.g. the accumulation of the sediment inside the estuary). This problem
causes the clogging of the promontory which lead to a lot of problems asudtindering the
navigation process of fishing boats and also results in negative impacts to estuarine and salt marsh
habitat and decrease the efficiency of the cross section to transfer the flow during emergencies to the
sea. Proposed solution to thegeljjems may be obtained using simulation modeling. Numerical
solution of the inlet instability problem is performed by using the Coastal Modeling System (CMS)
model. Three countermeasures were proposed to investigate its environmental effect of cgnstructin
jetties on the stability of the inlet particularly, sedimentation problem. The first scenario is to divide
the Rosetta inlet into two part by constructing two separated jetties (each jetty has length of 500m) to
reach the equilibrium cross section. Trecend scenario is the same as the first one but with
increasing jetty width from 40m to 80m. The third scenario, is to propose a long jetty with length
1200m and 50m width. It is concluded that, these structures have a limited modifications on the
navigaton channel. On the other hand, they cause a sediment accumulation in the eastern channel
which shrink the total width of the inlet and increase the flood risk within the study area.
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1 INTRODUCTION

Rosetta promontory is located on the eastern side of @bir Bay coast at about 60 km to the east
of Al exandria <city, Egypt as shown i n AFi g.
sedimentation inside the estuay began atter construction of Aswan High DajAhmed Sayed
Mohamed Ahmed, 2004kl Sayed, Ali, Iskander, & Fanos, 2007lany Egyptian researchers
(Fanos, Naffaa, Gewilli, & Ali, 1996)(Mahmoud, EBalasy, & El-ghorab, 2006} (Frihy, 1996)
addressed this problem from the perspective of efficiency of cross sections to convey and release the
emergency discharges to the sea, and they pedposuntermeasures to overcome the problem.
Although dredging works were implemented, it failed to solve the profigdrayed et al., 2007)
The dredging operation has only a temporary effect on the sedimentation pr@bl®ny] Ahmed,
2006) Worldwide, researchers proposed some engineering works to eliminate the inlet
sedimentatioKraus, Lin, Smith, Heilman, & Thomas, 2008)/atanabe & Tanaka, 2004)ut this
solution had negative impact on the adjacent beaches.
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The aim of this paper is tinvestigatethe equilibrium condition within the promontory by
proposing and checkirthreescenariogo reduce sedimentation within the promontory or to reach the
equilibrium cres section of the inlet. CMS numerical model was utilized to assess the morphological
as well as the hydrodynamic features of the Rosetta inlet. Then three different scenarios have been
investigated to reach the equilibrium condition of the inlet.

e

Figure 1. a) Location of study area (Rosetta promontory at the terminal of Rosetta branch), Google earth
2006, b) CMS model grids.

2 MATERIAL AND METHOD

2.1 Field data collection and analysis

Most of the field data has been obtained from Coastal Research Institute, Egypt and some data from
coastal protection authority. The bathymetric survey utilized in the present work was conducted in
October 2005. The bathymetric survey of May 2@@6 used to calibrate the numerical model. The
wave data are the averaged wave climate of five years between 1986 and 1990. The wave directions
are from WNW, NNW, N, and W with a small portion of waves arrived from the NNE and NE
especially in March andApril. The available tide data at Rosetta promontory covered the period
from October 2005 to October 2006. The sediment grain sizes at the nearshore zone of the area of
interest are between 0.16 mm and 0.24 mm . In order to transform the wavefétwmeo§tation
at depth 18 m to the model boundary at 11m depth, the maximum entropy code (by CMS developers)
was applied for the directional spectrum to be ready as input in the model.

2.2 Numerical modelling using CMS Model

2.2.1 The Simulation modebescription

The CMS is a procedsased suite of models that integrate hydrodynamics, sediment transport, and
morphologic change through the coupling of two modules, &8/ and CMSWave, and they are
coupled through steering module. It is conducted to calculate nedhbirculation (current and water
surface elevation), waves, and morphology change at inlets and nearby areas through the
Surfacewat er Model l ing System ( SMS) interface.
modelling inlet processes and mbgbogy changes.

CMS-Flow solves depth nt egr ated continuity and-wwoimentum ¢
method. CMS-low passes water level and current velocity to @M&ve[8]. CMSWave is a
spectral wave transformation model and solves the st#atiywaveaction balance equation on a
nonuni form Cartesian grid. The model computes wa
and breaking. The radiation stress induced by breaking is computed and passedR@N& the
calculation of the wavenduced longshore current, in addition to wave height, period, and setup, all of
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which are necessary for calculating sediment transport under combined waves and currents. There are
three sediment transport models available in CMS; a sediment mass balatete ancequilibrium
advection diffusion model, and a requilibrium advectiordiffusion model.

2.2.2 Model setup

Two simultaneous computational grids were implemented: one for theRIdSmodel and one
for the CMSWave model. Both grids coverttt Rosetta inlet system including the navigation
channel. The branch of the river and adjacent beaches. The grids extended seaward of depth of
closure beyond which no measurable sediment movement occurs. Th&IGDN® grid with a total
numberof ocean cells equal to 24505 has varied spacing from 20 m at the inlet to 130 m offshore as
shown in Fig(1b) Having the fine grid spacing at and around the estuary enabled capturing the
sediment transport and morphologic change processes \lmremainly occurred. Larger the
offshore grid spacing, the speeder the computational process isWzM&had the same dimensions
as fl ow. To si mul &tow was drigen pyotve mgasured tide &ldMé the open
boundaries from October 2005 kbay 2006. After examining 5 years (198690) records, wave
during 1986 was judged to be representative and used in the modelling effort. Fplarmmaiinodel of
CMS-Wave was selected for this study.

2.2.3 Model Calibration

Input data for the wave, andf modules were prescribed and the model was executed to predict
the bottom evolution after six months starting from October 2005. Several profiles were considered at
western and eastern sides of the inlets as shown in the Fig. (3) to perform semsiilyisis and
model calibration. The important parameter used in calibration; hydrodynamic time step, Manning
coefficient, mean bed grain size (d50), different transport formulas, scaling factor for bed load and
suspended load, total adaptation length, ghanthe refinement of the grid, and also the effect of
smoothing the bathymetric contour.

Figure 3. Location of the selected profiles along eastern and western sides of Rosetta inlet used in
calibration and sensitivity analysis

The correlation coeftient according to bed change was calculated at all profiles and gives a range
(0.6-0.81).The results show that a good agreement with the measurements can be picked up as shown
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in Fig(4) with 0.025 of Manning coefficient, 0.20 mm of d50, 450 sec time stafing factor of 2.0
and adaptation length of 10 m.
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Figure 4. Comparison between the computed beach profiles and measured ones for CMS calibration. a)
profile RHP28.6, b) profile RHP24.8

3 TESTED SCENARIOS

In addition to the scenario afo jetties (original case without any structural measures), three
countermeasures scenarios were tested to evaluate their impact on the environmental stability
situation inside the estuary within the existence of the sedimentation problem. The first,divadet
the inlet by center jetties (two jetties each one has 500 m in length, 40 m in width, and 200 m gap).
The second, was as the same as the first proposal, but increasing the jetties width to 80 m. The third
one was to construct a long center jettyhwa length of 1200 m. Figure (5) show the three tested
scenarios. The -P simulation calibrated model (CMS) described in the previous section is used to
investigate the efficiency of these alternatives scenarios.

4 ANALYSIS OF SIMULATI ON SCENARIOS RESULTS

Three scenarios were investigated as shown in Fig(5).The simulation of the morphologic evolution
for scenario 1, 2, and 3 as well as no action case after six months (from Oct. 2005 to May 2006) were
compared to the baseline case (October 2005). pifiles are utilized to compare the calculated
morphology of bed profile for different scenarios, Fig. (5a). The results shown in Fig. (6) clarified that
the three scenarios has nearly the same trend which increase the western channel width by about 50 m
and the depth by 0.50 m related to the no action case. Also the eastern channel is partially filled with
sediment. Figure (7) shows the comparison between the bed evolution at the end of simulation
between different scenarios related to the original stélis. sedimentation problem is due to the flow
pattern in the eastern side of the channel which causes a vortex that moves the sediment from the
eastern side of the promontory and accumulate it inside the eastern channel. Figure (8) presents the
current dstribution/flow pattern for the first and second scenario. For the present flow, the
equilibrium cross section of the inlet is just 100 m width and 3.0 m depth. This cross section can result
in inundation to the nearest area during the flood conditionsedins that these three scenarios is not
suitable to solve the sedimentation problem of the Rosetta inlet because it increases the flood risk
within the study area.
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Figure 8. Current distribution around the proposed coastal structures. a) two separated narroyetties, b) one

continuous jetty



