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Numerical modeling is the most common approach for predicting harbor channel 

siltation. It requires a comprehensive calibration process because there are several 

calibration parameters. The most crucial criterion for model calibration is 

suspended sediment concentration (SSC). The agreement between the measured 

and simulated SSC time series is usually verified based on generic statistical 

parameters such as RMSE and R
2
. This method does not address the important 

phenomena related to channel siltation; for instance, the siltation rate during neap 

and spring tidal cycles cannot be distinguished in such manner. A process-based 

calibration procedure has been proposed in this paper which considers some 

criteria facilitating the calibration processes. Based on analyzing the measured 

turbidity and current speed data, some criteria were established which convey 

underlying phenomena affecting sediment transport. They are: (1) the difference 

between maximum SSC (or turbidity) at neap and spring and (2) at ebb and flood 

tide, (3) the minimum turbidity at slack water during spring tide, and (4) the 

current speed-SSC (or turbidity) regression curve. The proposed procedure has 

been used to calibrate channel siltation in a real case study: Shahid Rajaee port 

access channel located in the Khoran strait, Iran. As the underlying phenomena 

affecting sediment transport was considered, the number of simulation runs for 

calibration processes were considerably decreased. 
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1. Introduction 

Prediction of harbor channel sedimentation has always 

been of considerable interest to coastal engineers. 

Modeling approaches ranging from simplified models 

[1, 2, 3] to sophisticated physics-based models [4, 5, 6, 

7] are comprehensively adopted. Numerical models 

need to be thoroughly calibrated based on measured 

data. "Calibration is the process of tuning all parts of 

the model system based on local data and common 

sense" [8]. Calibration of sediment transport models 

(especially in areas with silt) is a relatively complex 

procedure. It often requires long-term detailed 

measured data. A process-based method has been 

proposed in this paper for calibrating non-cohesive silt 

models in tidal channels. 

Suspended sediment transport is the most essential 

phenomenon for sediment transport in silt 

environments. Usually, numerical models based on 

mass and momentum conservation equations are used 

to predict suspended load (Some researchers have 

employed artificial neural network (ANN) models [9, 

10, 11, 12, 13, 14, 15, 16, 17] or hybrid models 

(combination of numerical and ANN models) [18, 19, 

20]). Numerical models contain some calibration 

parameters which need to be tuned based on available 

field data. 

Non-cohesive silt models are usually calibrated to SSC. 

This approach has been adopted extensively by coastal 

engineers. Lumborg and Windelin [21] modeled the 

hydrodynamic and sediment transport of the Romo 

Dyb tidal area using the numerical model MIKE 21 MT 

(Mud Transport). They calibrated the sediment 

transport model through comparison of the time-series 

of measured and simulated SSC. There was not a great 

similarity between the time-series. However, the 

modeled and measured suspend SSC patterns were in 

good agreement. Lumborg and Pejrup [22] used MIKE 

21 MT to calculate the annual net transport of fine 

sediment for the Lister Dyb tidal area in the Wadden 

Sea. The model was calibrated using directly measured 

critical bed shear stress by the EROMES instrument. 

They used the timing of re-suspension events as a 

validation parameter. Lopes et al. [23] studied the 

dynamics of suspended sediment in the Ria de Aveiro 
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lagoon with the numerical model HSCTM 

(Hydrodynamics, Sediment and Contaminant 

Transport Model). The measured and simulated yearly 

average SSC was compared to calibrate the model. The 

results proved that settling velocity and bed erodibility 

are the most important parameters for accurate model 

calibration. Margvelashvili et al. [24] employed a one-

dimensional transport model in the Torres Strait region 

of northern Australia. Calibration parameters including 

critical bed shear stress for erosion, settling velocity, 

and bed roughness were calculated for each time step 

as time-series data. The calibration parameters were not 

constant with time. Therefore, they increased the 

number of sediment fractions to reach a nearly constant 

value in time for each calibration parameter. Ganju and 

Schoellhamer [25] studied the long-term 

morphodynamics of a tidal estuary with a narrow 

entrance. They used sediment flux at the entrance as the 

calibration criterion. Xie et al. [26] calibrated the 2D 

depth-averaged MIKE 21 MT model to the yearly 

representative SSC rather than time-series data. The 

SSC was proved to be dependent only on the local wave 

characteristics because of the limited tidal velocity. The 

yearly representative sediment concentration was 

selected as the criterion. Erikson et al. [27] simulated 

sediment exchange at the tidal-dominated Golden Gate 

inlet. The morphological changes were simply 

dependent on suspended sediment flux across the 

Golden Gate inlet. The model was calibrated based on 

the relationship between water discharge and 

suspended sediment flux across the inlet. Using the 

Delft3D numerical model, Tu et al. [28] calculated 

morphodynamic changes in estuaries and coastal zones 

of the Mekong Delta. Due to the shortage of SSC 

measured data, the calibration process was limited to a 

qualitative comparison of the order of magnitudes of 

the measured and simulated SSC. The depth-averaged 

SSC has been considered in this regard. Chang et al. 

[29] used the Coupled-Ocean-Atmosphere-Wave-

Sediment Transport model (COAWST) to estimate 

sediment transport patterns and morphodynamic 

changes in the Nakdong Estuary. Measurement showed 

that the SSC was distributed uniformly. Therefore, the 

depth-averaged SSC was established as the criteria for 

model calibration. The model performance was 

evaluated using correlation coefficient and mean 

relative error. The changes of SSC in each tidal cycle 

were neglected because sediment transport inside the 

estuary was dominated by river discharge. Xiao et al. 

[30] used the finite-volume community ocean model 

(FVCOM) to simulate sediment transport patterns in 

the Sydney Harbor Estuary. To evaluate model 

performance, they compared measured and simulated 

near-bed SSC. Zhua et al. [31] estimated sediment 

transport time scale in the Modaomen Waterway using 

a three-dimensional numerical model named 

Environmental Fluid Dynamics Code (EFDC) to 

determine the retention time of pollutants absorbed by 

sediment. The model calibration was performed using 

Skill Score [32] and Correlation Coefficient as the 

calibration criteria. Orseau et al. [33] simulated the 

morphology of the Gironde Estuary using the 

SISYPHE model. They conducted a calibration of the 

model with respect to SSC. The comparison between 

the measured and simulated SSC data revealed a high 

level of agreement, although the model results 

underestimated the measured data. Bitencourt et al. 

[34] studied the seasonal and annual variability of SSC 

in The Patos Lagoon, Brazil, using SISYPHE model. 

The calibration processes involved a comparison 

between simulated and in-situ measured SSC data, 

revealing a generally good agreement for the majority 

of the time. Fagundes et al. [35] used suspended 

sediment concentration (SSC), water quality and 

remote sensing data to calibrate a large-scale sediment 

model. The results showed that the spectral surface 

reflectance, total suspended solids and turbidity data 

can enhance the performance of sediment models. 

Shanesazzadeh and Ardalan [36] studied the sediment 

transport and morphological processes in the Khoran 

Strait. Both conceptual and 2d numerical model 

(MIKE21) were applied to define the origin of the 

sediment. The results indicated that the main sediment 

sources are sediments suspended from the bed. The 

calibrated model was also used to estimate the 

morphological changes of Rajaee port access channel. 

The model results were compatible with measured data. 

Jafarzadeh Dehkordi, and Ershadi [37] studied the 

sedimentation processes in the Shahid Rajaee port 

access channel. They calibrated the MIKE 21 ST model 

to SSC measured data. The calibrated model was used 

to estimate the sedimentation rate and pattern in the 

access channel. Results indicated that the 

sedimentation rate in the middle of access channel is 

higher compared to other parts of the channel. Lisboa 

et al. [38] employed the SISYPHE model to investigate 

erosion and deposition processes in the Río de la Plata 

and Patos Lagoon. They compared the measured and 

simulated SSC, observing that while the simulated SSC 

generally overestimated the measured data, the model 

results effectively captured the main patterns of the 

measured data.  

The difference between erosion/deposition at neap and 

spring tidal cycles, the main cause of fine sediment 

transport, has not been the subject of previous studies. 

Erosion, suspended sediment transport, and channel 

siltation at spring tidal cycles are usually higher than at 

the neap. The purpose of this research is to develop a 

process-based procedure for calibration of silt transport 

models in corresponding situations. To this end, seven 

specific criteria are established to compare field 

measurements with model results. The aim is to 
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decrease the number of test simulations as much as 

possible.  
 

2. Study Area 

The study area is Shahid Rajaee port, located at the 

Khoran strait within the strait of Hormoz, Persian Gulf 

(Fig. 1). The port handles nearly 100,000,000 tons of 

cargo annually. It is designed for vessels with a 

capacity of 150,000 tons. The water depth in the access 

channel is 15 meters. The port has a development plan 

which includes increasing the access channel depth up 

to 19 meters. The predominant sediment type in the 

area is non-cohesive silt. The tidal current at the strait 

is asymmetric. Fig. 2 shows the instantaneous 

measured current and water level for a month with the 

maximum ebb and flood tidal current equal to 1.1 and 

0.9 m.s-1, respectively. The phase difference between 

current speed and water level is considerable. There is 

no significant wave because of the sheltering effect of 

Qeshm Island. Therefore, tidal current is dominant for 

sediment transport processes. According to admiralty 

tide table, the study area experiences a semi-diurnal 

tidal cycle. It is located at a macro-tidal environment 

whose tidal range increases along the strait from east to 

west because of complex bed topography (see Table 1). 

Tidal levels of study area are also schematically 

depicted in Fig. 3.  
 

 

Fig. 1. The study area; red circles show the locations where 

tidal levels have been measured. 

Table 1. Tidal levels of the study area  

(red circles in Fig. 1) [39]  
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(UTM 40) 
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Y (m) X (m) 

-0.1 0.7 1.4 2.6 3.4 3.8 3005098 429000 A 

-0.3 0.7 1.5 2.9 3.6 4.0 3001455 420720 B 

-0.4 0.6 1.5 2.9 3.7 4.2 2997854 407478 C 

 

Fig. 2. The time series of water level (relative to MSL)  

and current velocity for a month  

(measured  at 27.054° Lat  56.027° Lon) [40] 

 

Fig. 3. Tidal levels in the study area 

The access channel is nearly 6 to 9 meters deeper than 

the natural depth of the study area. Therefore, it acts as 

a sediment trap. Previous studies [40, 41, 42] have 

estimated the annual sedimentation in the access 

channel in the range of 80,000 to 120,000 m3 based on 

dredging data and comparison of successive 

hydrographies. The value 120,000 m3/year is used for 

model calibration. 
 

3. Materials 

3.1. Bathymetry 

Fig. 4 shows the bathymetry of the study area. There 

are several submerged branches parallel to the tidal 

flow, which affect the flow field.  
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Fig. 4.The Bathymetry and the location of SSC (black dots), 

current speed (red dots), and turbidity (white dots) 

measurement stations (UTM39) 

3.2. Sediment Data 

SSC has been measured for 25 hours at each station in 

January 29th 2008, but only the minimum, maximum, 

and average values of five stations are available, which 

are given in Table 2. The location of measurement 

stations is shown in Fig. 4. The water samples at each 

station were taken at 6 distances from water level which 

are not equidistant, 2 points from the water surface to 

mid depth and 4 points from mid depth to bed level. 

The SSC was measured via Filtration method.  
 

Table 2. The minimum, maximum, and average SSC 

values at some stations (g.m-3) [40] 

S
ta

 

Position 

(UTM40) 
Spring Neap 

X
 

(m
) 

Y
 

(m
) 

M
in 

M
a

x 

A
v

g 

M
in 

M
a

x 

A
v

g 

5 408635 2994996 50 80 70 50 70 60 
7 409253 2991000 50 90 60 40 70 50 

10 399710 2989122 60 110 70 50 60 50 
12 389923 2982727 70 140 90 40 150 60 
13 377523 2983471 80 160 110 50 70 60 

In the study area, sediment type is mainly non-cohesive 

silt. However, near the coastline are some areas with 

coarser grain size. As the harbour entrance is locally 

affected by dredging operation, coarse sand also exist 

in this area. The sediment size in the study area is 

condensed in Table 3.  

3.3. Hydrodynamics and Turbidity Field 

Measurements  

Two comprehensive field measurements have been 

accomplished in the strait [40, 43]. Current speed has 

been measured continuously in seven stations for one 

to three months (see Table 4). Turbidity has also been 

measured in two stations (4 and 6) for one month, 

with simultaneous current speed measurement. The 

location of measurement stations are shown in Fig. 4. 

 
Table 3. Sediment grain size at the study area [40] 

Position 

(UTM40) 

Bed 

Level  

m 

(CD) 

D50 

(mm) 

Clay 

(%) 

Position 

(UTM40) 

Bed 

Level  

m 

(CD) 

D50 

(mm) 

Clay 

(%) 
X (m) Y (m) X (m) Y (m) 

412122  3002309  +1.5  0.138  0 405144  2996147  -5  0.013  5 

412152  3002117  0  0.026  5 403846  2996668  +1.5  0.557  0 

412249  3002018  -2  0.032  6 404080  2996009  0  0.116  0 

412883  3000768  -5  0.026  5 404147  2995888  -2  0.144  5 

409605  2998945  +1.5  0.574  0 404194  2995799  -5  0.157  5 

409702  2998911  0  0.186  0 400619  2995330  +1.5  0.058  5 

409776  2998843  -2  0.027  2.5 401269  2994164  0  0.104  2 

409836  2998766  -5  0.064  2.5 401289  2994119  -2  0.142  2 

409369  2998457  -2  0.012  6 401663  2993390  -5  0.116  5 

409421  2998403  -5  0.013  5 411400  2995600  -17.5  0.015  10 

407825  2996563  -15  0.007  5 414596  2994802  -20  0.15  10 

406983  2997605  -13  0.008  10 408104  2996244  -20  0.6  5 

404793  2997156  +1.5  0.277  0 402389  2994822  -2.5  0.1  0 

405129  2996273  -2  0.099  5 396758  2988818  -13  0.1  10 

 

Table 4. Depth and method of current speed measurement and type of instrument [40]  

Sta 
Position (UTM40) 

Water 

depth 

(m) 

Instrument 

model 

Measurement 

distance from 

the bed (m) 

Frequency 

and time 

averaging 

of records 

Time 

interval 

between 

records 

(min) 

Measurement 

duration  

X (m) Y (m) 

1 411611 2999308 11 
AWAC  

(Nortek AS) 
Multiple (with 

1m intervals) 
2Hz – 120s 10 

7/8/2007 to 

9/9/2007 

2 410899 2998043 7 
AWAC  

(Nortek AS) 
Multiple (with 

1m intervals) 
2Hz – 120s 10 

9/1/2008 to 

24/1/2008 
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3 411232 2995450 8 
ADCP Mini 

Sontek  
Multiple (with 

1m intervals) 
2Hz – 120s 10 

12/10/2009 to 

12/1/2010 

4 418709 2992507 20 
RCM9 MKII 

Aanderaa  
10 120s 10 

5/9/2007 to 

10/9/2007 

6 403448 2992927 10 
RCM9 MKII 

Aanderaa 
7 120s 10 

8/8/2007 to 

4/9/2007 

8 408143 2988756 15 

ADCP 

Argonaut 

Sontek  

Multiple (with 

1m intervals) 
2Hz – 90s 20 

13/10/2009 to 

12/1/2010 

11 407340 2988756 4 
ADV Hyra 

Sontek 
2.5 2Hz – 120s 30 

9/10/2009 to 

10/11/2009 

10/12/2009 to 

13/1/2010 
    

4. Methodology  

The model Mike 21 coupled Flow and Mud Transport 

on flexible mesh has been used in this study. The 

simulation aims to estimate the increase in the access 

channel sedimentation due to the increase in its depth.  

The two-dimensional depth-averaged Navier-Stokes 

(Reynolds-averaged) equations are used for flow field 

simulation with the Smagorinsky formula for turbulent 

eddy viscosity. The hydrodynamic module has 

formerly been calibrated. This paper does not focus on 

the hydrodynamic model calibration.  

Sediment transport is calculated through a two-

dimensional advection-diffusion equation (Eq. (1)) [4] 

(1) 

𝜕𝑐̅

𝜕𝑡
+ 𝑢

𝜕𝑐̅

𝜕𝑥
+ 𝑣

𝜕𝑐̅

𝜕𝑦
= 

1

ℎ

𝜕

𝜕𝑥
(ℎ𝐷𝑥

𝜕𝑐̅

𝜕𝑥
) +

1

ℎ

𝜕

𝜕𝑦
(ℎ𝐷𝑦

𝜕𝑐̅

𝜕𝑦
) + 𝑄𝐿𝐶𝐿

1

ℎ
− 𝑆 

where c̄ is depth-averaged concentration (g.m-3); u and 

v are components of depth-averaged flow velocities in 

x and y directions, respectively (m.s-1); D
x
 and D

y
 are 

dispersion coefficients in the x and y directions, 

respectively (m2.s-1); h is water depth (m); Q
L
 is source 

discharge per unit horizontal area (m3.s-1.m-2); C
L
 is 

concentration of the source discharge (g.m-3); and S is 

deposition/erosion term (g.m-3.s-1). 

Eq. (2) to Eq. (4) are used to calculate deposition and 

erosion rates [4]. 

𝑆𝑑 = 𝑊𝑠. 𝑐𝑏 . 𝑃𝑑 (2) 

𝑃𝑑 = 1 −
𝜏𝑏
𝜏𝑐𝑑

 (3) 

𝑆𝑒 = 𝐸 (
𝜏𝑏
𝜏𝑐𝑒

− 1)
𝑛

 (4) 

where Ws is settling velocity (m.s-1); c
b
 is the near-bed 

concentration (kg.m-3); P
d
 is the probability of 

deposition; τ
b
 is the bed shear stress (N.m-2); τ

cd
 and τ

ce
 

are critical bed shear stresses for deposition and 

erosion, respectively (N.m-2); E is erodibility 

coefficient of bed (kg.m-2.s-1); n is power of erosion; 

and Se and Sd are bed erosion and deposition rates 

(kg.m-2.s-1).  

The model uses empirical formulas for the SSC profile 

because it is a 2-dimensional depth-averaged model. 

Setup and calibration parameters for suspended 

sediment transport modeling are settling velocity, 

critical bed shear stress for erosion and deposition, bed 

roughness, erodibility coefficient of bed, and power of 

erosion formula. Relative humidity, consolidation, 

flocculation, and hindered settling velocity are crucial 

in cases wherein sediment is cohesive, which is not the 

case in this study. Seven criteria have been proposed to 

determine the mentioned parameters. They are the 

consistency between the measured and simulated data 

for: (1) the order of magnitude of simulated and 

measured SSC, (2) the minimum turbidity at slack 

water during spring tide, (3) the difference between 

maximum turbidity at neap and spring tide, (4) the 

difference between maximum turbidity at ebb and 

flood tide, (5) the minimum current speed required for 

initial suspension of sediment, (6) the slope of current 

speed  

(velocity)-SSC regression curve, and (7) the deposition 

rate in the access channel.  

Each criterion is mainly affected by one or two 

calibration parameters. Moreover, each of them 

conveys a particular physical phenomenon. The effect 

of each calibration parameter on dominant phenomena 

is assessed using the criteria. The second criterion 

demonstrates if the suspended sediments have enough 

time to settle at slack water during spring tide. It also 

shows the source of suspended sediment (tidal cycles 

or river flood events). The third criterion demonstrates 

the contribution of neap and spring tide to access 

channel deposition. The fourth criterion shows the net 

direction of sediment transport. The fifth criterion 

determines the critical bed shear stress for erosion, 

which is highly dependent on the minimum current 

speed required for initial suspension. The sixth 

criterion is used to determine the coefficient and power 

of erosion formula (Eq. (4)). 

The first criterion is controlled using Table 2. The 

second, third, and fourth criteria are checked using the 

comparative time series of current speed and turbidity 
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(Fig. 5). The fifth and sixth criteria are controlled using 

the scatter plot of velocity-SSC (Fig. 6). The 

suspension start from the point where a slight increase 

in current speed leads to a rapid growth in turbidity (red 

circles in Fig. 6). Figs. 5 and 6 illustrate sample graphs 

of current speed and turbidity based on measurement at 

station six in the study area (the nearest point to the 

access channel).  
 

 

Fig. 5. The comparative time series of measured current speed 

and turbidity at station six at mid-depth (see Fig. 4) 

 

Fig. 6. The correlation between measured current speed and 

turbidity at station six at mid-depth (see Fig. 4); red circles 

show the critical current speed for suspension.   

The proposed procedure for the calibration process is 

as follow:  

 (a) Set the critical bed shear stress for erosion based 

on the minimum current speed required for suspension. 

(b) Approximate the settling velocity and critical 

current speed for deposition based on the first criterion. 

(c) Set the settling velocity and critical current speed 

for deposition based on the second, third, and fourth 

criteria. 

(d) Set the erodibility coefficient and power of 

erosion formula (Eq. (4)) based on the sixth criteria (see 

Fig. 6) 

(f) Fine-tune all calibration parameters regarding the 

last criteria 

4.1. Hydrodynamic Model Calibration 

Calibration of the hydrodynamic model is the 

prerequisite for accurate calibration of the sediment 

transport model. In this study, the results of a calibrated 

hydrodynamic model have been used. The 

hydrodynamic model includes two parts: (1) a regional 

model including the Persian Gulf and Oman Sea and 

(2) a local model including the Hormoz and  Khoran 

strait (Figs. 7 and 8). The regional model was calibrated 

to water level at 10 points in the Persian Gulf. The 

maximum difference between measured and simulated 

water level was 20 cm, and the average value of R2 was 

0.97.  

The local model receives boundary conditions from the 

regional model. An unstructured mesh with 10582 

nodes is used for the local model. The distance between 

nodes in the vicinity of the access channel is in the 

range of 90 to 200 meters. The bed resistance type is 

Manning number with value of 50 m1/3/s. The 

Smagorinsky formulation is used for eddy viscosity, 

and the constant value is set to 0.28.  
 

 
Fig. 7. The domain of the regional model; red lines show the 

boundaries of the local model  

 
Fig. 8. The domain of the local model 

The local model was calibrated to water level and 

current speed at two stations in the Khoran strait. Fig. 9 

shows the time series of measured and simulated 

current speed at station six. The values of RMSE and 
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R
2
 are 0.26 m.s-1 and 0.97, respectively, which 

confirms the good agreement between measured and 

simulated data.  

 
Fig. 9. Comparison of measured and simulated current speed 

at station six 

4.2. Silt Transport Model Calibration 

Essential calibration parameters are (1) Settling 

velocity, (2) critical bed shear stress for deposition, (3) 

critical bed shear stress for erosion, (4 and 5) 

coefficient and power of erosion formula, and (6) bed 

roughness. Considering non-cohesive sediment, 

calibration parameters related to consolidation are not 

effective. 41 simulation scenarios have been applied for 

sediment transport model calibration. The 

hydrodynamic part takes a long time, while the 

suspended sediment transport simulation is relatively 

fast. MIKE 21 Flow model has an option that enables 

the user to simulate several sediment transport 

scenarios based on the existing hydrodynamic model 

output. In this study, the sediment transport model was 

run solely based on the results of the calibrated 

hydrodynamic model. In this way, the simulation time 

for each scenario was just about 10 minutes on a system 

using Core (TM) i7-4702 MQ CPU @ 2.2 GHz.  

Measured turbidity data at station six (see Fig. 4) is 

used for model calibration. It is the nearest station to 

the access channel and located on the streamline which 

crosses the channel. Fig. 5 and 6 illustrate the relation 

between the current speed and turbidity. Due to the 

shortage of available SSC field data, turbidity data has 

been used to calibrate the sediment transport model. It 

worth noting that there is a direct correlation between 

turbidity and SSC especially in low-turbidity waters 

[44, 45, 46, 47, 48, 49, 50, 51, 52], which is similar to 

the condition of the study area.   

Fig. 5 shows that bed erosion is not considerable at the 

neap tide. It occurs only during a small portion of the 

tidal cycle. However, SSC is high and long-lasting 

during spring tide. Sediment movement, therefore, 

mainly occurs during spring tide when the current 

speed is high enough. The maximum turbidity and SSC 

at the ebb tide are much higher than the flood tide. 

Fig. 6 indicates that sediment suspension occurs when 

the current speed exceeds 45-55 cm.s-1.  

Calibration parameters and their values for five 

simulation scenarios are listed in Table 5 as an 

example. Regarding the established criteria, each 

simulation scenario was selected based on the results of 

the previous one. Hence the model calibration was 

performed by a limited number of simulation scenarios. 

A comparison between the time series of simulated and 

measured SSC and current speed was carried out for 

each scenario. 

 

 Table 5. Calibration parameters and their values for selected simulation scenarios 

Scenario 
Ws 

(m/s) 

Range of D50 

(mm) 
corresponding 

to WS * 

τ
cd

 

(N/m2) 
τ

ce
 

(N/m2) 

Erosion 

Formula 
Bed 

Roughness  

Ks (mm) 

Sedimentation 

Rate in the 

Access Channel 

(m3/month) E n 

No. 4 0.004 [0.055-0.069] 0.05 0.07 0.00001 0.5 0.6 27500 

No. 6 0.001 [0.028-0.033] 0.06 0.09 0.00001 0.7 0.6 21400 

No. 8 0.01 [0.09-0.12] 0.07 0.1 0.00001 0.7 0.6 31300 

No. 15 0.01 [0.09-0.12] 0.2 0.2 0.00001 0.7 1.2 30500 

final 0.0025 [0.042-0.052] 0.15 0.3 0.000012 1.4 0.6 10100 

* The column was added to compare measured grain size diameters (Table. 3) with the ones corresponding to settling velocity. Due to 

dependency of settling velocity to water temperature, a range of grain size corresponding to each settling velocity was given.   

Considering the measured SSC (Table 2), it is expected 

that the maximum SSC during spring tide would be 

nearly 0.08 kg.m-3 (the first criterion). According to 

Fig. 10-A, the maximum simulated SSC during spring 

tide for scenario No. 6 is about 0.2 kg.m-3, which is 

more than the measured SSC. Fig. 10-B shows the 

same result for scenario No. 15 with maximum SSC 

equal to 0.05 kg.m-3, which is less than the measured 

data. 
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The second criterion is related to the minimum 

turbidity at slack water during spring tide. Measured 

data (Fig. 5) show that this value is about 7% to 10% 

of the maximum turbidity. However, it does not drop to 

zero. If settling velocity is too low, the simulated SSC 

will not decrease as much as the measured values. 

Fig. 10-A (scenario No. 6) shows a situation where low 

settling velocity prevents SSC from falling as much as 

the observed values. The minimum SSC will drop to 

zero (Fig. 10-B) if the settling velocity is too high (like 

scenario No. 15). This demonstrates that settling 

velocity is the most crucial calibration parameter for 

the second criterion. It can also be inferred that critical 

bed shear stress for erosion is the main parameter to 

meet the third and fourth criteria. The fifth and sixth 

criteria are controlled using a velocity-SSC graph (see 

Fig. 6). The coefficient and the power of the erosion 

formula (Eq. (4)) can be determined from the velocity-

SSC graph. The velocity-SSC graph is fairly sparse 

because of the effect of probability in suspension and 

deposition and the turbulence effects. The comparisons 

of measured and simulated velocity-SSC graphs for 

two non-calibrated scenarios (No. 4 and 8) are 

presented in Fig. 11. There is no satisfactory agreement 

between the measured and simulated critical velocity 

for erosion. It is also the case for the correlation 

coefficient between velocity and turbidity. An increase 

in the critical bed shear stress for deposition results in 

more sedimentation in the access channel. The rate of 

sedimentation in the access channel depends on (a) 

settling velocity and (b) the difference between critical 

bed shear stresses for erosion and deposition. 

 

 
Fig. 10. The current speed and SSC time series for two non-calibrated scenarios (A: No. 6 and B: No. 15)  
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Fig. 11. The comparison of measured (the dark blue) and simulated (the light blue) velocity-SSC graph for two non-calibrated 

scenarios (A: No. 4 and B: No. 8) 

5. Results and Discussion  

The results of the calibrated model are depicted in Figs. 

12 and 13. They confirm that the minimum current 

speed required for suspension is approximately 

70 cm.s-1 and 50 cm.s-1 during ebb and flood tide, 

respectively, as validated by the measured data shown 

in Figs. 5 and 6. Furthermore, the maximum SSC 

during ebb tide is roughly twice that during flood tide. 

This indicates that the bed of each area is not only the 

source of the suspended sediment within that area, as 

the turbid water from upstream also contributes to the 

suspended sediment. 

The maximum SSC during spring tide is about 

0.08 kg.m-3, while the maximum SSC during neap tide 

is approximately 0.02 kg.m-3. This indicates that the 

tidal current makes sediment suspended just during 

spring tide. Therefore, the sedimentation process 

mainly occurs on spring tide days. Fig. 14 shows the 

instantaneous bed shear stress at ebb tide. It shows that 

the bed shear stress in the channel is less than the 

outside. This is due to the lower current speed in the 

channel. The  

Fig. 15 demonstrates the erosion and deposition pattern 

at high and low-speed conditions, respectively. The 

current direction is nearly perpendicular to the access 

channel, because of the presence of natural trenches in 

the strait. The current velocity in the channel is less 

than the nearby area. Therefore, erosion in the channel 

is less than the outside at high speed current (Fig. 15-

A). The duration of deposition in the channel is also 

longer than the outside area during each tidal cycle 

(Fig. 15-B). It results in a net deposition at each 

(spring) tidal cycle. 

The calibrated model was used to estimate the 

deposition rate after deepening the channel. It 

estimated sedimentation in the access channel nearly 

with accuracy of 95% (122,000 m3). The results also 

showed that deepening the channel from 15.5 to 19 

meters leads to an increase in the deposition rate by 

about 80%. Both the simulation results and the 

measured data indicated that the maximum deposition 

takes place in the middle of the longitudinal direction 

of the channel and that erosion occurs near the harbor 

entrance (Fig. 16). This is in agreement with the results 

of Shanehsazzadeh and Ardalan [36] and Jafarzadeh 

Dehkordi, and Ershadi [37], who showed that the 

sedimentation mainly takes place in the mid one-third 

of Rajaee port access channel. It is worth noting that 

the current speed at the harbor entrance increases as the 

current is constricted into a narrower area, leading to 

erosion of the bed in that area. 
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Fig. 12. The time series of current speed and SSC for the calibrated scenario (final) 

 
Fig. 13. The comparison of measured (the dark blue) and simulated (the light blue) velocity-SSC graph for the calibrated scenario 

(final) 

 

Fig. 14. Bed shear stress at a specific time at ebb tide  
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Fig. 15. Snapshots of the erosion at high speed (A) and deposition at low-speed conditions (B); red lines show the location of the 

access channel  

 

Fig. 16. Comparison of measured (up) [40] and simulated (down) channel sedimentation rate  
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6. Conclusion 
A new procedure for effective model calibration in silt 

environments was presented. To this end, seven 

process-based criteria was proposed. The effect of 

calibration parameters on the criteria was evaluated for 

a real case study. The new procedure is suitable for 

conditions where limited amount of measured SSC data 

are available and helps model calibration to be 

performed with fewer simulation runs. The key point is 

the turbidity variation at different tidal conditions. The 

procedure was examined for a real case study (Shahid 

Rajaee Port). The results showed that the procedure 

could effectively calibrate the model. The calibrated 

model estimated the deposition rate in the access 

channel accurately. 

The proposed algorithm can be automated in such a 

way that the critical bed shear stress for erosion, 

erodibility coefficient, and power of the erosion 

formula are determined using the scatter plot of 

velocity-SSC. Subsequently, the other parameters are 

automatically tuned using objective functions based on 

the criteria defined in this study. This approach is 

similar to the auto-calibration proposed by DHI [53], 

but with the criteria of the present study. 
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