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ABSTRACT 
Sedimentation is a common problem in many harbors, 
which requires frequent dredging and involves 
considerable maintenance costs. Consequently harbor 
planform, which influences flow pattern, plays a crucial 
role in sedimentation in harbors. In this study a 2DH 
finite volume numerical model including sediment 
transport module has been developed and utilized to 
investigate the effects of harbor planform on 
sedimentation in harbors.  
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1. INTRODUCTION 
Sedimentation reduces the required navigation depth in 
harbors and disturbs vessels passage. In order to provide 
safe passage for vessels, maintenance dredging which is 
the most expensive item in running costs of harbors is 
necessary. The amount of maintenance dredging 
depends on the sedimentation rate in harbor basin and 
therefore, minimizing the depth reduction in harbors is 
one of the most important criteria in harbor design.  

Generally, sediments transported to harbors by 
currents and waves are deposited in parts of the harbor 
where currents and waves are not strong enough to keep 
sediments in motion, which results in the sediment 
deposition and reduction of water depth. 
 
2. HYDRODYNAMIC AND SEDIMENT 

TRANSPORT MODEL 
A two dimensional depth-averaged numerical model 
including hydrodynamic and sediment transport module 
has been developed herein. 

Hydrodynamic module predicts horizontal depth-
averaged velocities and water surface elevation, solving 
shallow water equations. Finite volume technique has 
been utilized for discretization of the equations. In order 
to solve the resulting system of equations, the 
Alternating Direction Implicit (ADI) method has been 
employed. 

 Sediment transport module predicts suspended 
sediment concentration and bed level changes by 
solving well known depth-averaged advection-diffusion 

and sediment mass balance equations respectively. In 
order to estimate sediment erosion and deposition rate, 
Krone (1962) and Partheniades (1965) formulas are 
used respectively. 

Hydrodynamic and sediment transport modules are 
coupled under the basic assumption that during 
hydrodynamic computations the bed elevation remains 
constant and similarly, hydrodynamic conditions do not 
change during bed level calculations. Moreover, it is 
assumed that suspended sediment load has no effect on 
hydrodynamic conditions in corresponding time step. 

 
2.1. Hydrodynamic Module 
Shallow water set of equations including effects of 
turbulence and bottom stress are represented as follows 
(Liggett 1994): 
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where u  and v  are depth-averaged horizontal 
velocities in x  and y  direction respectively, h  is water 

depth, and bz is bed elevation, xxT , xyT , yxT , yyT  are 

depth-averaged turbulent stresses, bxt , byt  are bed shear 

stresses in x  and y  direction respectively, r  is water 

density and g  is the gravity acceleration. 
Bed shear stresses are determined using simple 

quadratic friction law as represented by Eq (4). Here C  
is chezy coefficient. 
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Turbulent shear stresses are calculated using 

simple Boussinesq assumption, (Rodi, 1993): 
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Where tn  is turbulent eddy viscosity and may be 
calculated using depth-averaged parabolic model, 
(Rodi, 1993) as represented by Eq (6). Here a  is an 
empirical coefficient. In present study a  is set to 0.2.  
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2.2. Suspended Sediment Transport Module 
In the case of fine sediment transport, bed load is a 
negligible part of total load transport and in the present 
study is not taken into account. 

Sediment transport module calculates the 
suspended sediment concentration solving depth-
averaged advection-diffusion equation, (Zhou and Lin 
,1998): 

 

bb DE
y

)c(
hyy

x

)c(
hxxy

)vch(

x

)uch(

t

)ch(

-+÷÷
ø

ö
çç
è

æ
¶
¶

e
¶
¶

+

÷
ø

ö
ç
è

æ
¶
¶

e
¶
¶

=
¶

¶
+

¶
¶

+
¶

¶

 (7) 

 
Where c  is the depth-averaged concentration, xe  , 

ye  are sediment diffusion coefficients in x  and y  

direction respectively, bE  is sediment erosion rate, and 

bD is sediment deposition rate. Sediment erosion and 
deposition rates are estimated using Krone (1962) and 
Partheniades (1965) formulas as represented by Eq (8) 
and Eq (9) respectively. 
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Where bt  is bed shear stress, cdt  critical stress for 
deposition, cet  critical stress for erosion, sw  settling 
velocity, and M  erosion constant. 

Krone (1962), proposed following formula for 
cohesive sediment settling velocity 

 
34C001.0sw =  (10) 

where C is suspended sediment concentration ( lit/gr ) 
Bed level changes are calculated using sediment 

mass balance equation (Eq.11): 
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where n is bed materials porosity. 

 
2.3. Discretization of Equations 
The governing equations are discretizied using finite 
volume method on a rectangular uniform grid with 
staggered variable arrangements. 

Equations (1, 2, 3 and 7) are integrated over 
control volume shown in Fig (1). Convective terms are 
discretized using third order TVD, SDPUS-C1 scheme 
(Lima et al., 2010). Using first order backward scheme 
for time derivative terms and second order central 
difference scheme for diffusive terms, discretized 
equations may be written in the form of Eq (12). 
Resulting system of equations is solved using ADI 
technique. 
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Figure (1) Two dimensional cartesian grid where 
f stands for h,c and z. n,e,w,s are indexes for 
neighboring cells. p is an index for central cell. 
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where P = uh, Q = vh. 
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3. MODEL VALIDATION 

 
3.1. Hydrodynamic Module 
In this paper experimental data of stationary free surface 
flow in a square cavity (Langendoen, 1992) are used for 
model verification. The flow into the square harbor is 
driven by a constant discharge of =uh 0.042 s/m 2  per 
width in the main channel. Initial water depth was set to 
0.11 m. In the physical model, channel length was 18m, 
but in numerical simulations the length of channel is 
reduced to 5m (Hakimzadeh 2004) in the favor of 
saving computational time. The computational domain 
configuration is represented in Fig (1). Numerical 
predictions and experimental results compared in Fig 
(2) show a good agreement. Another test simulates, a 
subcritical flow over a bump (Goutal and Maurel 
,1997). In this simulation discharge per width and initial 
water elevation in the channel are 4.42 s/m 2  and 2 m 
respectively. Numerical prediction and analytical 
solution obtained from Bernoulli’s theorem show good 
agreement as shown in Fig (3). 
 
                                 5m  

 
      Q 

                                                             1m 
 
 
 
                                                  1m 
 
 

                         1m 
Figure (1) Numerical model configuration 

 

 
Figure (2a) Comparison of velocity of flow across x 

axis 
 

 
Figure (2b) Comparison of velocity of flow across y 

axis 
 

 
Figure (3) Water elevation (subcritical flow over a 
bump) 
 
3.2. Sediment Transport Module 
To evaluate sediment transport module combined 
advection-diffusion Transport and sediment mass 
conservation are examined. Results demonstrate model 
capabilities in solving advection-diffusion equations 
and maintaining sediment mass conservation accurately.  

 
3.2.1. Combined Advection-Diffusion Test 
Wexler (1992), proposed analytical solution, to the 
advection-diffusion equation including source-sink 
terms (Eq.12). Boundary and initial conditions are 
presented by Eq (13). Velocity profile and diffusion 
coefficients are assumed to be constant over 
computational domain. Equation (14) reads the 
analytical solution. 
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where L = length of domain and W = width of domain 
Results for unit depth, 1u =  day/ft  , 0v =  day/ft  , 

=xk  2day/ft200 , =yk  2day/ft60 , =l  001.0  

are shown in Fig(4), that confirm the accuracy of 
advection -diffusion simulation. In the figure, red lines 
represent analytical solution and contours show 
numerical prediction. 
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Flow in the harbor basin is driven by flow in main 
channel and one or more eddies depending on harbor 
geometry form in the harbor (Kuijper et al., 2005). Flow 
separation occurs at upstream corner of the basin and a 
turbulent mixing layer forms between harbor basin and 
main channel flow (Winterwerp, 2005), as shown in Fig 
(7).  

Amount of sediment exchange that occurs between 
harbor basin and main channel depends on strength of 
turbulent mixing layer between harbor and main 
channel which is also influenced by harbor geometry 
(Winterwerp, 2005 and Kuijper et al., 2005). Therefore, 
in addition to flow characteristics, harbor planform 
affects sediment exchange between harbor and main 
channel to a high extent. 
 
                                                                     Mixing layer 

                              Separation Zone 

     Main Flow  

 

                                                                Stagnation Zone 

Figure (7): Schematic form of mixing zone (Kuijpe et 
al., 2005) 
 
In this study, to investigate the planform effects on 
sedimentation in harbors a wide range of aspect ratios 
for rectangular harbors with constant area of 2.25 2m  
have been examined in the numerical model. In all 
simulations, flow discharge and the still water depth are 

se to 0.042 s/m 2  per width and 0.11 m respectively, as 
has been demonstrated in Langendoen (1992). Zero 
water elevation imposed at the right open boundary and 
the suspended sediment concentration at the left 

boundary is set to 10 3m/kg . Initial suspended 

sediment concentration is 0.6 3m/kg . 
Critical shear stress for deposition is reported between 

0.05 and 0.1 2m/N  (Self et al., 1986). Parchure and 
Mehta (1985) reported values for cet  between 0.04 and 

0.62 2m/N .Reported values for M coefficient lies 
between 0.00001 and 0.0005 12sm.kg --  (Van Rijn, 
1993). 

 After 30 minutes simulation is stopped and net 
deposition in the harbor basin is the measure for which, 
comparison has been considered. Other simulation 
parameters and geometry of numerical model are 
presented in Table (2) and Fig (8) respectively.  
 

Table 2 Numerical simulation parameters 
Inflow

s/m2  
cet  

2m/N  
cdt  

2m/N  

C 
s/m 5.0  

M  
12sm.kg --  

0.042 0.2 0.05 90 0.00001 
 

 
 

                                      5 m 
 
              Q                                           1.5 m 
 
 
 
                           B 
 
 
                                             L 

Figure (8) Numerical simulation geometry 
 
5. RESULTS AND DISCUSSION 
Simply, it may seem that reducing harbor mouth 
necessarily leads to sedimentation reduction in the 
harbor, but it is not exactly the case. Although, the 
wider harbor mouth may possibly lead to more 
suspended sediment exchange between harbor and main 
channel, but on the other hand, it results in stronger 
flow in the harbor basin, so, the hydrodynamic 
characteristics in the harbor have to be taken into 
account. Sedimentation volume against aspect ratio is 
plotted as seen in Fig (9). 
 

 
Fig (9): Aspect ratio effect on sedimentation volume 

 
As indicated by results, for L/B<0.7, although 

increasing harbor mouth leads to increase in suspended 
sediment exchange between harbor and channel, but 
stronger flow reduce deposition in the harbor. So as 
long as L/B<0.7, the flow is dominant factor in 
sedimentation in harbor. Similarly for L/B>0.7, it can 
be observed that sediment exchange across the harbor is 
more important. In addition, it can be observed that for 
square harbors (L/B=1), the sedimentation volume per 
unit area is decreased with increasing harbor length, Fig 
(10) 
 

Fig (10): Dimension effect on sedimentation volume per 
unit area in Square harbors  
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6. CONCLUSION 
A numerical hydrodynamic and sediment transport 
model has been developed herein. The model has been 
validated against both experimental and numerical 
results which confirm the accuracy of predictions. 

In this study planform effects on sedimentation in 
the harbor basin is investigated by examination of a 
range of aspect ratios varying from 0.44 to 4.0. For 
L/B<0.7 flow characteristics play a more important role 
in sedimentation whereas, for L/B>0.7, sediment 
exchange between harbor and channel is a more 
dominant factor. Moreover, in order to minimize 
sedimentation in the square harbor, the aspect ratio 
should be kept as close to 0.7 as possible. 
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