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Abstract

Ekortikus Island was formed through continuous sedimentation in Banyuasin Estuary (BAE) in Banyuasin District,
South Sumatra. Based on satellite data, Ekortikus Islands area is expanding dramatically, 22 times greater in
21-year period. This expansion narrowed the estuary and disturbing estuary function, especially related to water
run off from water cathment area. Ekortikus expansion was caused by high sedimentation and flow distribution
mode which were formed by the fusion of two river flows assembled in the estuary, confounded by tidal flow
dynamic with amplitude of 0.6 — 3.9 m. An experiment was conducted to simulate development of Ekortikus
Island with or without placement of a potential barrier. The simulation used Finite Volume Method (FVM) with
triangle unstructured mesh. Simulation with normal conditions or without treatment, in which the flow is
Banyuasin greater than the flow Lalan turn out Ekortikus island increases toward the Southwest and due to tidal
flow, Ekortikus Island increases towards the Northwest. Simulation could also manipulate the future form of the
Island when a potential barrier was placed to direct flows of both rivers. Treatment simulation, by changing the
flow Banyuasin becoming greater than Lalan flow, altered the location of the deposition of sediment to another
place and Ekortikus Island area expansion was reduced.
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1. Introduction

Tanjung Api-Api Region, Banyuasin District, South Sumatra Province is economically strategic that has been
appointed to as Special Economy Zone (SEZ — Kawasan Ekonomi Khusus) under Government Decree number
51 year 2014. To support SEZ, both central and province governments have invested fund to build infrastructures,
such as a“Tanjung Api-Api” harbor in Banyuasin Estuary (PP, 2014).

Banyuasin Estuary (BAE) is located at coordinate of 104.36” — 104. 48’ West and 2.24°-2.48” Sout(h. BAE is an
assemblage of two big rivers, named Banyuasin and Lalan. Banyuasin river has six branch rivers with river
catchment area (RCA) of + 1,114,700 hectares; whereas Lalan river poses nine branch rivers with RCA of
+108.300 hectares (Badan Pusat Statistik, 2013). This assemblage, combined with high and low sea tides, made
BAE becoming unique geographically. BAE as a shallow water bed with high sedimentation caused the
formation of a developing island, named Ekortikus Island.

Sedimentation rate in BAE was 2.03 cm a year at 0 — 0,3 m under surface of estuary bed, an 8.9 cm a year at 2.1
m or at a range of 1.454 kg m-2 day-1 (Purnomo, 2010). The average diameter size of sediment particle at BAE
was d_50~20.53 pm— 25.48 um. Basic sediment characteristic was formed silt poorly sorted to moderately sorted
and skewness dominant symmetrical (Affandi and Subakti, 2013). Sediment deposition research around the port
of Tanjung Api-Api performed by Zulbahrum et al (2015) placing a potential barrier, results indicate that the rate
of sediment deposition can be controlled and reduced to 2.35% - 2.68%. Handayani (2010) demonstrated that
sedimentation has resulted in dramatic area-expa nsion of Ekortikus Island, about 22 fold within 21 years. In
1986, the area of Ekortikus Island was 14,640 hectares, in 1992 being 118,005 hectares, and in 2007 becoming
324,544 hectares. However, Ekortikus Island development becomes problematic to the function of estuary,
especially those for the channeling of excess water from water cathment area of the rivers and those for sea
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transportation function. For these reasons; simulation should be developed to control island development;
whether it needs to be stopped or at least to be slowed down.Simulation is an important tool to understand
natural system in a specific region, such as an estuary as natural changes might occurs during a long or a very
short period that is difficult to detect. Simulations has been used precisely to picture the development of Tsunami
from the epicentrum (Gailler et al., 2013). Satelite data has revealed area expansion of Ekortikus Island, but they
can not predict the future of the island.

Is the sedimentation in BAE can be controlled so that the island development can be slowed down or be stopped?
The experiment was conducted through modeling and hydrodynamic simulation of BAE by FVM with triangle
unstructured mesh.

1.1 Sediment Deposition

Estuary is a part of river system which role is to canal water runoff to the sea. Estuary waters are commonly used
by human being as housing, fish catching and culture, transportation, harbor and industrial nice (Bangen, 2004).
Sedimentation problems generally occur at locations where the sediment transporting capacity of the hydraulic
system is reduced due to the decrease of the steady (currents) and oscillatory (waves) flow velocities and related
turbulent motions (van Rijn, 2004). The sedimentation rate indices an existence of ecosystem imbalance in the
hilly area such as reduction in land cover (Agus, 2004).

Sedimentation was affected by many factors, from upper water catchment area, river characteristics, and fusion
between river flow and high-low tides. The fusion of river fresh water containing sediment particles with sea salt
water create clumps of sediment particles, which are more easily sink in estuary. At low concentration, particles in
the fluid are discrete and move easily; however, when become concentrated, particle movement is affected by
other moving particles.

Sedimentation occurs when gravity power of the dissolved particles in the flowing liquid is greater than the
hydrostatic power. Gravity power is related to size and particle special mass, from fine to big size particles. Fine
particles will float before subside; even some dissolved materials, such as protein and pesticide, are difficult to
subside (Anonymous, 2011). The relation effect of hydrostatic power and gravity power with the rate of particle
sedimentation is formulated as follow (Zhiyao et al., 2008):

_ [2(ep=p)a¥p
Vs = /—CDApp (1

Liu et al. (2012) employed emphirical equation to calculate settling velocity:

2
vS=J(13.95 %) +1.095gd -13.95 v/d )

where p,= sediment particle density (kg.m™), p = water density (kg.m™), Cp = Drag Coefficient (non demension),
A, = particle surface area, Vp = particle volume (m” g = gravitation accelartion(m.s™”, v = viscocity coefficient,
d = average diameter of sediment particles (m), and s = %p -1

1.2 Modeling

Modeling is a representative or abstraction of a real object, using some simplifications from complexity of a
reality by showing direct and indirect relations and cause-effect reciprocal relations. An abstraction and
simplification means that the complexity of an object is not presented anymore, but the important aspects of the
reality do still present (Maria, 1997). The objective of modeling is to easily interpret, analyze the behavior a,
manage, operate, and/or control a system so that we can obtain an expected result (Khadan, 2002).

Existing phenomena in an estuary are natural processes occurring in three dimensional space (3D) and time;
hence, an estuary system is categorized as a highly complex system. To understand an estuary, we need some
simplification without removing basic principles existing in its system, such as conservation law (Wilbert, 2009).
This conservation law has been formulated in Navier-Stokes governing equation, as follow:

28 = —V.(pgV) +V.(uVp) + 5 3)

Equation (3) can be explained and simplified in a 2D system (Zulin, 2000) in a form of differential equation which
portrait changes that occur in thermodynamic law, momentum and continuity. Where ¢ is physical quantities, p:
density of fluid, V: velocity, u: viscosity, S: source term.

Governing equation in hydrodynamic system is a nonlinear equation with no exact solution, hence needs a
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numerical method. Numerical method is one of mathematical solution equation using arithmetic and some
approaches, and used as an analytical method when using exact answer, solution is difficult or even impossible to
achieve (Shalleh, 2008).

Important aspect in numerical solution is an achievement of discrete solution where dependent variable values are
only obtained at certain points distributed in small elements as nodes. By knowing values of some points, the
values of other points can be calculated through interpolation of local node values (Voller, 2009).

The essential aspect in numerical methods is the discretization of space and time. Spatial discretization in estuary
study means geometrically dividing estuary into some volume/area units and to become small elements
(finitesimals) which can be viewed as a discrete unity. Element shapes are rectangular, tetragonal or triangular.
Discretization aims to ease equation solution in each element; therefore, the smaller the volume units the more
accurate the solution although it increase recursion time (Olsen, 2000). Selection of an element shape is adjusted
with the geometry of an estuary. Division of an estuary into smaller elements will form mesh or network.
Rectangular elements will form structured mesh, whereas triangular elements will form unstructured mesh.

Time discretization in numerical method is dividing time by integrated span with some steps, At = t,,_; —t,. In

deciding time steps, At was related to algorithm stability and numeric result accuracy. To control numeric

algorithm stability, time steps should follow Courant-Friedrichs-condition (Sanders, 2008):
At =< Ax

Umax

4)

One numeric method is FVM, which is defined as a discreting technique that integrate volume element (AQ) in
all domain. This technique was introduced in 1980 (Chandrashekhar, 2006). Roylance (2001) stated that FVM
was accurate for studying fluid dynamics using computation as fluid phenomena are geometrically flexible.

Equation (3) is a governing equation to partially differential equation; so for FVM, the equation can be written in
form of an integral equation (Begnudelli and Sanders, 2006) which consists of diffusion, advection, and source
term.

d
o Jo Ud2+ §,,(@ndx+R.ndy) = [, Sdn (5)
where
h uh vh o2, 0
U= (uh) ; Q = | u2h + gh? |; R = uvh s=| gh 5 — Cocuvu? +v?
b 2 ) 1
v vh vhtoh?)  \ gh 22— oV

where h: level water, u.v : velocity in x- an y-directions, Cj, : drug coefficient
1.3 Roe-Riemann Solver

Roe-Riemann Solver is an approach based on Godunov scheme to calculate interface fluxes in two
computationally close elements on space-time variables (Dullemond and Wang, 2009). By using
Roe-Riemann-Solver, flux value at each face of elemental units can be approached to become 1D problem and be
calculated by using Euler integration (Anastasiou, 1997).

Figure 1. Fluxes entering through interface into neighbor triangle
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Total flux change in main triangle can be showed in following equation:

aU;
E = - ¢BC F.ndS + SiVi (6)

and

ac j=k(®)
To evaluate numerical Fj; flux, fluxes at normal direction that entering border of neighboring triangle can be
adopted locally, becoming 1D problem (Anastasiou, 1997). This can be calculated by using Jacobian
transformation, resulting into following equation:

0 Ny n,
= om) _ |2~y — Jun. +
A= e = | —wIne —uvny,  2uny +vn, un, (7)
(c? —u®)n, — uvn, vn,, 2vny, + un, |

A un, +vn, 0 1 1
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—(uny, +vny)/n  n,/n*  —n,/n?
un, +vn, 4 1 / /
- | ———+=z -n/eon -n,/cn
L= 2cn 2 x v

un, +vn,, 4 1
——+= n,/cn n,/cn
2cn x/ v/

2. Method

An experiment was conducted to understand hydrodynamics of BAE, Banyuasin district, South Sumatra
Province, especialy those related to transport of sedimentation and phenomenon on formation of Ekortikus Island.
Research location was shown in Figure 2a, and restricted to the domain as shown in Figure 2b.

Hydrodynamic system of BAE is categorized as shallow water. When we neglect Coriolis force and wind shear
stress, BAE model can use equation 5, and the source term become:

0 0

Se | = —cpuvu? +v?

Sy — cpvu? + v?

Where Sx and Sy are energy losses as affected by friction of fluid flux in x direction and y direction with water
bed. Therefore, Sx,y is determined by roughness of water bed, depth and flux speed (Benkhaldoun ef al., 2006;
Xin et al., 2012),

[212 2
S,= n®>uu? + v2/h*/3 Sy=n?v wav n: roughness coefficient
h3
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Figure 2. Research site in South Sumatra Province, Indonesia (a) with research domain of Banyuasin
Estuary (b)
Equation 5, written in a discrete form:
(nHl_gn 4t
Uit =ui + V—i[_ Yie1 Fijblipi + Si] 2 ®

F; j flux traffic through interfaces was evaluated with Roe-Riemann approach, Eigen vector and Eigen value,
whose details was discussed by Benkhaldoun et al. (2011).

Sediment deposition in an estuary bed will change estuary bed morphology. Morphological transformation of
estuary bed can be calculated by using Exner equation (Simson and Sebastian, 2005):

— 9% 09p | 9ap _
@ p)6t+6x+6y_0 ©
qp = Au (u? +u?)
A: interaction constant (0-1); p: sediment porosity; q,: sediment discharge; 0z,: bed slope

Erosion (E) in an estuary bed might be defined as a wearing away process of sediment due to the presence of
turbulence flux. This is an antagonist process of sediment deposition (D), which occurs as particles in water
subside due to gravitaion power (Liu ef al., 2012). In nature, these two processes can exist concurently in an area;
hence, which one is dominant (E>D or E<D) will dictate whether bed load will deeper or shallower.
Mathematically, this phenomenon can be presented as:

D = 175(1 - Ca)Ca (10)
@(6-0)Vu2+v2
E = BTy — 0>0, (1D
E=0, <6,

where C, : sediment concentration, 6 : shear stress, 6,: critical shear stress, ¢: erosion power coeficient,
h: depth (m), and d: diameter of sediment-particel (m).

Simulation in this experiment aimed to quantify flux distribution with function of space and time, which was
expressed with Uf*! in equation (8). Ui*! value was calculated by using a computer program that was
developed with MATLAB software; numeric results were saved in spread sheet Excel form. Graphical data were
drawn by using ArcGis software using a 3D Analyst Tools with Raster Interpolation type of Kriging.

Model validation needs field measurement of data and secondary relevant data. Field variables were measured,
including (1) river border line, (2) flow speed, and (3) samples of estuary depth and bathymetry. The locations of
sample for measurement are shown in Figure 3.
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Figure 3. Sampling sites for measurement of field parameter

3. Result and Discussion

3.1 Discretization

Discretization of estuary body using pdetool MATLAB program modified and adapted to the research domain,
resulted in three main parameters, i.e. node, index of triangle edges which are located in domain boundary, and
triangle index. Discretization results of estuary body are shown in Figure 4. All three parameters were then
broken down into discretization components which results were presented in Table 1.
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Figure 4. (a) domain discretization non Potential barrier; (b) the domain discretization with a potential barrier
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Table 1. Discretization parameters without and with treatment with putting the potential barrier at the mouth of

the body

Parameter Without Potential With Potential
Total Node (node) 964 1,268
Number of Cells A (triangular) 1,705 2,280
The number of segments on the domain boundary (edge) 233 258
The minimum side length (m) 70.44 51.04
The maximum side length (m) 1,030.15 1,006.98
Wide minimum A (m2) 70.45 1,460.17
Broad maximum A (m2) 377,668.39 379,398.55
A wide average (m2) 82,559.86 61,6608.6

Domain wide total (m2) 140,764,555.50

140,604,555.50

3.2 Morphology of Estuary Bed

The interpolation of bathimetry data of BAE body demonstrated that the wing sides were shallower than those in

the middle body (Figure 5). This data indicate that sedimentation rates were higher in the wing sides as compared

to those in the middle body of BAE. These might be explained that in the wing sides a shear stress was greater than

those in the middle of estuary body, and hence flux in the wing side become lesser and sediment deposition will

occur easier.
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3.3 Tidal Wave Pattern

Tidal data in July 2010 around BAE was obtained from Sunsang station with a maximum height of 3.9 m and
minimum 0.1 m. The highest tide occurred on July 12,2010 20:00 local time, and the lowest tide occurred at 10:00.
Data were observed for 24 hours, starting at 10:00 (local time) on July 12, 2010 until 09:00 on July 13, 2010. The
character of tidal generally demonstrate sinusoide functions. Figure 6 is an example of data tidal July 12 2010,
which will be used in the simulation in this study.

(m) |
45
4.0
35
3.0
25
2.0
15 | by .

1.0

10 15 20 1 § WB

Figure 6. Daily Tidal Fluctuation at Banyuasin Estuary

3.4 Dynamic Simulation

Dynamic simulation is necessary to show the characteristics of the system within a certain time frame. Through
dynamic simulation, it can be shown the distribution of flux and distribution of sediment deposition in the body
of the estuary can change by time. Dynamic simulations performed on two conditions, namely the condition
without treatment and with treatment simulation.

Simulation without treatment aims to determine the trend of sediment distribution pattern results are then
compared to the current condition (existing condition). Current condition is the sediment deposition distribution
shown by estuary body bathymetry patterns (Figure 6). From this figure, it can be shown sedimentation
(sediment deposition) tends to occur at the edge of the estuary body, while at the center of the mouth of the body
tends to be trough with a maximum depth (h<14 m). Around the island Ekortikus, visible sedimentation occurs
at the end of the Southwestern (SW), at the end of the Northeast (NE) and others occur on the right side of the
island. Due to the dynamic nature condition of the estuary so that the bathymetry pattern may change at any time,
in accordance with the conditions of flow dynamics are influenced by tide waves. But the island Ekortikus
persists widening due to the accumulation of sediment deposition is ongoing continue.

Dynamic simulation with treatment is intended to understand the characteristics of the system when given
treatment. Treatment in the system is to change the the flux direction and magnitude of Lalan river and
Banyuasin river or put potential barrier in the form of rods with certain dimensions that are placed on certain
coordinates in the body estuary. Provide treatment to the system is to change the direction of flux in turn control
the distribution of sediment deposition.

Indeed control sediment deposition are things that can not be determined by exact, because the estuary is a
dynamic system, has many variables that affect each other. Control does not mean eliminating or reducing the
deposition of sediment in the estuary but the control is to obtain an optimal result that the distribution of
sediment deposition will not cause problems with the function of the estuary. Reduce sedimentation is a step that
must be done in the upstream area or in the watershed. Because the source of sediment derived is from erosion of
the ecosystem processes upstream disruption.

Some assumptions are used in this simulation, one of it, that the flux of Lalan river and Banyuasin river flow at
the constant speed, while the flux derived from tide waves is periodically in accordance with the tide waves
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period. Sediment particles is predominantly mud manifold particles mixed with sand (sand-mud) with a
corrugated base surface shape (rippled), with sediment particle parameters listed in Table 4.

3.4.1. Dynamic Simulation without Treatment

Simulation without treatment aims to determine the characteristics of the system, especially the tendency of the
sediment deposition distribution within 9 hours of simulation time (at 15 till 24). Simulation flux of the river
Lalan U; and Banyuasin river U, then interact with the flux of tide waves U;. Tide waves flux is a sinusoidal
function (equation 12). The first value of three fluxes were given based on the average field conditions, each
value of flux is:

U=f(h;=3m, u;= 0.4 m/s, v;=0.001 m/s);
Uy=f(h,=3m, u,=0.001 m/s, v,=0.3m/s);
Us=f(h; =f(C, t) m,u; =-0.2m/s, v;=0.001 m/s;
Figure 7a is a dynamic simulation results without treatment, showing the distribution of sediment deposition
illustrated with black-and-white raster and flux direction is indicated by the arrow. This image shows the initial
condition (minute 20th) in which the flux from river Lalan U;and river Banyuasin U, and flux of tide waves U;
are starting to get into the BAE. The sediment deposition direction follows the flux of the rivers and also the flux
of the tides waves, distributed in such a way in which darker colors show relatively large sediment deposition
rate. Material sediment that carried by the river flow was depositioned in southwest of the island, at this stage,
the rate of deposition is larger (darker colors), based on a large-scale deposition of sediment is sediment around

0.00321 - 0.00322 m/s Meanwhile the sediment deposition was derived from the tide wave shove into the estuary
body distributed to the edge of the estuary, this thing because the speed of the flow slowed in the edge section.

Figure 7b, is the condition of the sediment deposition distribution in the 80th minute, ierwhere rivers flow flux
and tides flow flux met, it is shown the existence of vortex flow (turbulence). In this condition, sediment
deposition is dynamically increased. Sediment carried by stream was widely distributed and moves to the right
edge of the island. It is also common in the change of sediment distribution by tidal wave, sediment distribution
tends to move toward the edge of the estuary body. Meeting of fluxs of rivers and tidal wave flux caused
turbulence, which in that area tends to cause erosion and sediment deposition decreases. In the picture also
shows a high rate of sediment deposition in the Northeast end of the Ekortikus island, this led to the widening of
Ekortikus island area into that direction. In the 80th minute, there is increased sediment deposition rate to the
maximum number 0.003259 m/s
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Figure 7. Distribution of sediment deposition without treatment

Figure 7c¢ shows the distribution velocity and sediment deposition conditions where as the flux of the tidal wave
is going down. Dominant direction of flux towards the exit of the estuary, this causes sediment deposition on the
BAE tend towards stable with sediment deposition distribution is divided into 4 levels, the highest is in the
region of the edge of the estuary body. It is because the flow velocity in this region is relatively slower.

When the tide wave is going down to lowest level, the transport of sediment material moving towards the sea,
the flux rate increases so that the rate of sediment deposition in the BAE is low although some sedimentary
material has been settled. When the flow velocity reaches the maximum value, the process of erosion is more
dominant than the deposition process. Figure 7c¢ shows the white color is more dominant in the middle of the
estuary body, in that area, the flux rate is great and turbulence occur, causes erosion at the base of the estuary.

3.4.2 Dynamic Simulation with Changing Magnitude of River Flux

Simulation with treatment by changing the flux of Lalan river U; and Banyuasin river U,. Under normal
condition, U; > U,, this is due to the watershed of the Lalan river is broader than Banyuasin river, Lalan river
elevation also > 3%, is higher than Banyuasin river.

Simulated by changing magnitude of the flux Lalan river and Banyuasin river will be U; < U, flux respectively:

U =f(=3m, u;= 0.2 m/s, v; = 0.001 m/s);
U,=f(=3m, u,=0.001 m/s,  v,=0.4m/s);
U;=f(=f(C,t)m, u;=-0.2 m/s, vs=0.001 m/s;, and
U<U,
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Figure 8a shows the distribution of flow sediment deposition, in the beginning of the simulation (20th minute)
can be seen in the middle of the estuary body is random (turbulent). The situation is different when compared
with no treatment system (Figure 7). Shown is also the movement of the sediment deposition distribution in the
form of contour lines tend to be flat against the direction of flux. This means that sediment deposition is more
evenly distributed in the estuary body. Compare to also after 80 minutes, as shown in Figure 8b. sediment
deposition on the Southwestern of the Ekortikus island, sediment deposition is not massive but distributed more
evenly and thinner (lighter color), if compare Figure 7b to Figure 8b, at which point the system is not treated.

When the tidal wave began to recede (Figure 8b), then the direction of Tidal Wave flux to change direction
towards the estuary body out. When the rivers flux and flux of Tidal Wave reinforce each other so that the
deposition process has begun to decrease, dominated by the process of erosion, it is shown relative contour color
brighter, but the distribution of sediment deposition still occurs at particular spots and groups (Figure 8c).
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Figure 8. Distribution of sediment deposition with U;<U,

3.4.3 Dynamic Simulation with a Potential Barrier Treatment

Simulated by placing a potential barrier at the estuary body at the coordinates xo = 104 767, yo = 2,377; Length
=2000m; Width = 80m; angle of inclination to the axis of abscissa o = 60°. Fluxes of each:

Ui =/(=3m, = 0.4 m/s, =0.001 m/s);
U:=f(=3m, =0.001 m/s, =0.3m/s);
U; =f(=HCtHm, =-0.2m/s, =0.001 m/s;

Early simulations at minute 20, shown in Figure 9a, that the presence of a potential barrier at the estuary body
causing turbulence, especially at the end of the rod. Meanwhile on the rod side, the declination of flow rate, thus
in this section becomes high sediment deposition, this appears on the color raster image darker. Flux from the
tide waves enters the estuary body, and the raster on estuary mouth is relatively dark, indicating that sediment
deposition rate is relatively large.

In the 40th minute, shown in Figure 9b, that sediment deposition tends uniformly to the entire estuary body and
no visible presence on the island Ekortikus deposition, except at the end of the potential barrier. This condition is
relatively stable until the 120th minute (Figure 9b), and the deposition rate tends to decrease as seen on relative
raster color becomes brighter. Deposition rate happens on certain spots, as seen in the contour lines are closed.
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Figure 9. Sediment deposition distribution with a potential barrier treatment

4. Conclusion

1) Changes of basic morphological estuary is dynamic, it is indicated the change in the deposition distribution of
any change in simulation time.

2) Ekortikus island formation, was due to the high rate of sediment deposition that accumulated in a long time.
Also influence of the flow pattern caused by the confluence of two flow fluxes of Lalan river and Banyuasin
river. Flux of the river Lalan Uj is greater than the flow flux Banyuasin U,, causing the dead flow (dead water) at
the part where Ekortikus island formed. This is supported by the results of the simulation through engineering to
convert speed into U,>U,;, sediment deposition does not affect to the accreation of Ekortikus island expressly
extensive than when U;> U,.

3) The accreation of Ekortikus island at the end of Southwestern caused by deposition of sediment originating
from flux transport of Lalan river and Banyuasin river. While the sediment deposition occurred in the Northeast
end of the island Ekortikus derived from transport flux tides waves.

4) Simulation with systems engineering, through the potential barrier placement results can be shown that
around the potential barrier occurs a higher sediment deposition (especially at the end of the barrier) than on the
other side. This is indicated by the color raster darker in the end of the barrier and brighter on the other side.
Also can be shown that the deposition around the island Ekortikus is not explicitly visible rather than without
system engineering. It is concluded that the potential placement of a barrier can control the deposition of
sediments in order to avoid the widening of Ekortikus island.

306



www.ccsenet.org/jsd Journal of Sustainable Development Vol. 8, No. 3; 2015

5. Discussion

1) To obtain more accurate results can be done by reducing the volume of a triangular discrete or increase the
number of triangular elements of the study domain. The risk is that it will add simulation time due to the increase
of iteration numbers.

2) Sediment optimization control with a potential placement of barrier is determined by the dimensions and the
coordinates of placement.

3) Control of sediment deposition can be done in the BAE, while reducing the deposition rate is determined in
the river upstream to maintain the balance of the ecosystem in order to avoid erosion rates.
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