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Abstract 

The exact prediction of sediment transfer rates and sedimentation rate are amongst important and 
influential factors in designing ports and coastal structures and a lot of efforts are being made presently in 
order to determine the manner in which sediments transfer and also researches are being carried out on 
the factors affecting these types of flows. 

Sedimentation and corrosion in Sajafi Port have been studied in the present research and two methods of 
empirical and numerical methods have been used from amongst sedimentation distribution methods in 
order to study the effects of high tides and low tides on the harbor of Sajafi Port. The decrease and 
increase in the level was used to estimate the sedimentation process and corrosion in the empirical 
method. To do this, the primary hydrography which was carried out in the first half of 1391 was 
considered as the basis and studying the corrosion rate and sedimentation in different levels was done on 
the basis of the hydrography carried out in the first half of 1392. In the numerical method the Mike 21 
software was used to estimate the sedimentation rate and corrosion in accordance with the entrance’s 
initial and border conditions and comparing the results calculated approximately 5/5 to 7 percent of error. 

Matching the results from Mike 21 with the empirical results indicates this method being an exact one and 
that this method could be introduced as an applied method in estimating sedimentation and corrosion rate 
for the purposes of dredging operations in future years. 

The results from analyzing sedimentation and corrosion rates indicated that since in the shallow sections 
of the coast the speed of the flow is high, the density of the floating particles increases in high tides and 
low tides and these flows transfer these substances and cause corrosion in shallow areas and we will 
encounter sedimentation in areas which are deeper in comparison with coastal areas through the transfer 
of these floating substances. In the areas around the structure, the speed of high tides and low tides flows 
decrease and the potential to transport the sediment decreases therefore the floating sediments in water 
will have enough time for sequestration. 
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Introduction  

The sedimentation transfer phenomenon is one of the most important coastal phenomena and the major 
effective environmental factors related to it include currents, flows, high tides and low tides, winds, 
topographical and geological factors, and the changes in the environments of the coasts by human. 

Also the reason for sedimentation in a coastal area is that the sediments of the bed float in the water 
because of the anarchy resulting from the waves breaking and also the existence of coastal currents, the 
coastal currents are also created mostly in the areas near the places where waves break and because of 
changes in the features of the waves. The mutual effect of wave and current in sediment transfer and the 
changes on water levels are very important, through combining the three models of Win and CH3D and 
the model of sedimentation transfer a new model called couple marine prediction system will be obtained 
which could provide acceptable results. [1] 

A research carried out in Rizhao Port in China on calculating sedimentation transfer along the coast of 
this golf which in the present research indicates the correctness of the output of Mike 21 software on the 
basis of waves’ parameters in estimating the sediment transfer rates in the north and the south along the 
coast of this port. [2] In a research carried out in France the conclusion was made that the wave’s energy 
has a direct impact on the rations of sediment transfer along the coast. [3] 

The total coastal sediment transfer has a direct relationship with random parameters of wave and the 
breaking of the wave and the height of the wave, the period of the wave, the breaking of the wave on the 
total ratio of transfer along the coast and the vertical distribution of the coast carried out are of 
importance. [4] 

Taking into consideration the location of Imam Port, the high tides and low tides interactions have a 
significant effect on the sediment transfer rate and the manner of sedimentation transfer through it 
especially its effects on the upstream point and the manner in which sediments transfers. [5] 

Mike 21 software calculated the coastal sedimentation transfer rate modeling along Astarashay bank 
through using the specifications of waves in shallow waters to the area the breaking area of corrosion 
depth. [6] Also in 1387 predicting sedimentation for the purposes of dredging the canal’s load was 
calculated in Pozom Gulf through studying the geographical conditions such as ground balance, water 
flow and topography of the ground. [7] 

Also in a research which utilized Mike 21 software, the sedimentation transfer rate parallel to the coast 
was calculated in the southern coasts of the country and the results were compared with the real 
sedimentation rate behind the wave breakers and buoyant breakers and verification of these relationships 
in the southern coasts of the country indicates the high precision of Mike 21 software also a function was 
presented in order to calculate k coefficient on the basis of breaking parameter [8] 

 

Geographical Location of Sajafi Port: 

Sajafi Port is located in an area 49° 43' degrees east longitude and 30° 14' degrees north latitude. This port 
is located adjacent to Zohreh River and is approximately 12 kilometers from Persian Gulf. Since this port 
is near the sea the water levels of the river is affected by the low tides and the high tides. Generally 



speaking, the most important factor in river discharge, flow and sediment in Sajafi Port are seasons 
changing and as a result the effects of rainfalls in Zohreh river mouth. This river is used for boats taking 
into account its depth and when the tide is high the boats can commute around Hendijan Town. 

 

 

Figure 1. Geographical location of Sajafi Port 

 

Instruments and methods 

Empirical method 

The existing field measurement data and information were collected and analyzed and the results were 
studied.  

Taking in to account the fact that the observations in Sajafi district and Zohreh River bank was carried out 
in a distance of approximately 11 kilometers from the sea, the changes in the volume of the river water in 
different seasons can have a slight effect on the basis levels of high and low tides. In order to apply or 
correct the water volume changes in different seasons in high tides and low tides, we need to observe the 
high and low tides and measure the rainfall in the rivers’ catchments which form Zohreh river during a 
long time which is in itself large and time- consuming. 

Another important and main factor in carrying out hydrography and then drawing the marine maps is 
determining the base point of the depth (CHART DATUM). Taking into consideration that Sajafi Port is 
newly established and no information is available on the marine maps about this rout and also since the 
basis for measuring depth is not determined, carrying out studies and gathering high tide and low tide 
information in order to determine the basis for measuring depth (CD) in relation to the pier level surface 
and relating it to obtained depths was necessary.  

The most suitable method from amongst different methods of continuous observations of high tides and 
low tides in a period of an hour is a seasonal and at least one- month observation which was determined 
through considering the facilities of the one- month time period manually and analyzing the collected 



information and it was determined according to that through regarding Khoormoosa as the basis therefore 
a tide pole was provided and was transferred to that port. 

Hydgraphing Sajafi Port started on 91/01/20 and ended on 92/05/01 in an area with the length of 120 
meters and the least width of 100 meters across the harbor of Sajafi Port. 

  

 

Figure 2: Sajafi Port aerial map 

 

The equipment used in the present research is as explained below:  

Hydrography boat One  

DESO 15 Depth finder  One  

Location finder One 

Rangefinder camera One 

Qualitative computer  One 

Motor boat in order to commute in the route One 

Supporting floater One 

Table 1: The equipment used in the present research 

 

Processing the information gathered by the hydrography group of Navigation Security and Protection 
Administration started on 92/05/05 and ended on 92/05/16 in 60 continuous working hours. 

After the operation ended at the sea and processing the data we attended to extracting information and 
drawing the maps and the maps were drawn through Surfer software. After studying the drawn three- 
dimensional maps the results of chapter 5 were extracted.  



Numerical model  

In order to make a model of sedimentation, the calibrated high tide and low tide model is used through 
using field measurements and in order to study sedimentation and corrosion in the under- study area, MT1

 

module in Mike 21 software was used.  

Since the sediments in Sajafi Port and the areas around it are granulated and sticky and this type of 
granulation composition has a significant effect on the rate of corrosion and sedimentation, distribution of 
sedimentation from granulation creates its own special behavior which must be considered in the 
mathematical model, in order to study the behavior of these sediments in the model, the Advection- 
Dispersion model was used to calculate the density of the sediments in each point and time intervals. 

1 1
 

A) Sedimentation  
The process of sedimentation takes place when shear stress of the ground is less that the critical 
shear stress of the ground for sedimentation. Sedimentation rate is calculated as below taking into 
account the rate of falling which was calculated: 

WC P  
 

B) Corrosion  
In case the shear tension on the ground is more than the critical shear tension in sedimentation, 
the sediment particles and the clod on the floor of the ground will be corroded. Rate of corrosion 
for the dense and stabilized ground is calculated through the following relation: 

R M 1  

 
C) Diffusion coefficients 

Diffusion coefficients determine diffusion rate of sediment density around a single point which in 
MT it is calculated through the relations between rate of flow, the size of the numerical solving 
network or time intervals of solving equations. This coefficient can be calculated through the 
following relation. 

D K∆xU 

 

The numerical characteristics of the model and initial and boarder conditions 

A) Determining the type and the density of sedimentations in the laboratory: 
84 samples of floating sediments were taken in total from the depths close to the surface, medium 
depth next to the ground. The physical parameters (flow rate, current direction, saltiness, 
temperature, pressure, density and …) were calculated hourly. 

                                                            
1 ‐ Mud Transport 



The viscosity of the sediment was determined in each station for each sample through vacuum pump, 
filter paper, through analytical scale with the accuracy of 0.0001 and graduated cylinder for a period of 
one week in each season and then the viscosity of sediment was determined for each station through time 
and location averaging. 

The important factors of transferring, transporting, and sedimentation in each season of river flow is tide 
factor.  

The type of the sediments in Sajafi Port are of utmost importance from the viewpoint of behavior and the 
manner in which they are considered in mathematical model and the flows near the coasts of the area are 
amongst the most important factors in determining sedimentation and corrosion model.  

 

Sample 
code 

X 
latitude 

Y 
longitude 

viscosity 
% 

Clay 
% 

Real 
specific 
gravity 
gr/cm3 

Clay 
% 

Silt 
% 

Sand 
% 

Gravel 
% 

Sample 
name 

S11 360112 3327004 15.88 30.52 2.65 27.5 67.5 5 0 Silt 

Table 2: obtained results about the type and viscosity of sediments in the laboratory 
 

B) Corrosion coefficient (M) and shear stresses sedimentation and corrosion limit  ce and  cd 
determining these parameters is necessary for the purpose of calculating corrosion and 
sedimentation rate the amount of corrosion coefficient has been considered 0.02  in the 

model. Shear stresses of sedimentation and corrosion limits were selected considering the 
authentic suggestions in the table below. 

 

Parameter The suggested limit N/m2 Selected limit N/m2

Shear stress of sedimentation limit 
0.005‐1  0.01  

Shear stress of corrosion limit 
0.06‐1  0.1 

Table 3: estimating shear stress in sedimentation and corrosion 
 

C) Zohreh River as the source of the model 

In order to analyze hydraulic phenomena in the estuaries, the specifications of the current and the 
sediments entering from the river must be determined. In the present model the exit of Zohreh River 
was introduced as the entrance (source) to the model. The 30- year- old statistics of the river 
discharge and sedimentation river discharge of Dehmola station, which is the closest hydrometry 
station to the estuaries in order to obtain the river discharge and the sedimentation river discharge of 
Zohreh River. 

The (120, 495) point in Zohreh River’s estuaries is introduced to the model as the source. And taking 
into account the existing statistics the average river discharge is considered 89 m3/s in the model. 



D) The relationship between Zohreh River’s river discharge and sedimentation river discharge 

   We can usually form a relationship between the river discharge and the sedimentation river 
discharge of a specific river. The relationship between the sedimentation and river discharge of 
Zohreh River was obtained through using Dehmola hydrometry station’s statistics in Excel. Taking 
into consideration the relationship between the river sedimentation discharge and the river discharge 
in the model, the viscosity of the source was considered to be  988 . 

E) Time interval 

In order to solve the equations, the time interval was considered in a way that the stability of the 
model will be obtained. The time interval was considered 10 seconds and the Courant number was 
considered 6. 

Conclusion and discussion  

1- In the empirical method the sediment transfer rate from the high tide and low tide flow is 
obtained through considering the used parameters in solving the governing equations of the 
executed program and the essential results which are in this research, the used outputs, corrosion 
and sedimentation rate. 
 

Sediment transfer cubic meters (years 91-92) Process  

Sedimentation  5485.135 

Corrosion 4601.365 

Table 4: sediment transfer rate from high tide and low tide waves resulted from the empirical method 

Taking into consideration the studies carried out on the complete high and low tide cycles, it could be said 
that the high tide and low tide have a direct relationship with sedimentation in the river but it has an 
inverse relationship with sediment transfer. In low tide situation since the flow is less in same direction as 
the main flow of the river the more sediment is transferred. 

2- Sediment transfer rate from high tide and low tide flow in Mike 21 software 

The results from estimating the annual sediment transfer rate through the Mike 21 software which is the 
result of measuring the product of vector from the amount of viscosity during the year and are presented 
in the table below which shows that the sum of sedimentation is equal to 5930.5 cubic meters in a year 
and the sum of sediment transfer in a year is equal to 4371.9 cubic meters. Therefore the net of 
sedimentation from the waves in the under- study area is equal to 1558/6 cubic meters in a year. 

Sediment transfer cubic meters (years 91- 92) Process 

Sedimentation 5930.5 

Corrosion 4371.9 

Table 5: sediment transfer rate from high tide and low tide waves from Mike 21 software 

 
 
 



3- Calculating the numerical model error with the empirical model 

In the above tables, sediment transfer rate from high tide and low tide waves from the two Mike 21 model 
and empirical model are presented in cubic meters. Through comparing corrosion and sedimentation rate 
in the empirical model and the numerical model, the percentage of the error in the numerical model was 
calculated. The error was estimated to be 5.5 to 7 percent. 

The error percentage of sedimentation on the basis of laboratory data and the numerical model is 
calculated through the following formula: 

100 

After considering the amounts resulted from Mike 21 software and the empirical model the error of 
corrosion and sedimentation rate were calculated below. 

Error  Process  
Sedimentation  7.5 

Corrosion  5.2 

Table 6: errors of empirical and CERC methods  

 

4- Three- dimensional graphs of hydrography in Sajafi Port 

Figure 3: three- dimensional hydrography map of Sajafi Port in 1391 



 
Figure 4: three- dimensional hydrography map of Sajafi Port in 1392 

 
5- Investigating corrosion and sedimentation distribution  

High tide and low tide were the most effective factors in sedimentation processes in these areas in the 
under- study section. The productions of the vector of high tide and low tide flows performances have 
created a natural washing mechanism in these areas. 



 

Figure 5: annual sediment transfer (91- 92) in Sajafi Port (the negative amounts of corrosion and the positive 
amounts of sedimentation) 

 

Conclusion:  

1- Through comparing the results from the Mike 21 software method with the empirical method, the 
error was estimated to be approximately 7.5 percent in sedimentation rate and 5.2 percent in 
corrosion. 

2- The obtained results which were compared with the authentic results from the empirical method 
indicate the accuracy of Mike 21 software. Therefore it could be introduced as an applied method 
for estimating corrosion and sedimentation rate which is highly accurate for the purposes of 
dredging in the area in future years.  

3- When the tide is high since the direction of it is different from the direction of the main flow of 
the river the river discharge increases and a larger volume of water exists as a turbulent flow 
which turns the sedimentation into suspension. As the flow of the high tide continues these 
sediments will have more time and the sediments settle down. 

4- When there is low tide since the direction of the flow is in line with the direction of the river’s 
main flow there is more transferring. 

5- Taking into consideration the results from complete high tide and low tide cycles it could be 
expressed that high tide and low tide have a direct relationship with the amount of sedimentation 
in the river but it has an inverse relationship with sediment transfer. 



6- When the tide is high, after crossing the estuary projection in Sajafi port the flows move towards 
west and North West of the local model. These flows affect a wide range of Zohreh River. 
According to field observations the effect of high tide in Zohreh river stretches to Hendijan city.  

7- When the tide is low the coastal areas will experience an increase in the speed of the flow since 
the area is shallow in depth which causes the granulated sediment substances to float which in 
itself causes more floating in the sediment substances. 

8- When the tide is high the area of high tide and low tide will be flooded in the direction if salty 
water and these high- tide flows cause essential shear stress for the sediment substances to flow. 

9- When the tide is high the speed of the flow decreases because it hits the structure therefore in 
comparison to the times the tide is high, the flow in shallow areas is less, as a result, when the 
tide is high since the shear stress needed for the sediments to flow is not provided the amount of 
sediment substance and the viscosity of the floating substances will be less than when the tide is 
low.       

10- In the shallow coastal areas since the speed of the flow is high when the tide is high and when it 
is low, the viscosity of the floating substances increases and these flows transfer these substances 
and then it causes corrosion in the shallow areas. And when these floating substances transfer to 
the areas which are deeper in comparison to the coastal areas we will encounter sedimentation. 

11- In the areas around the structure we will encounter sedimentation in the areas around the structure 
the high tide and low tide flows decrease and along with the decrease in speed, the potential for 
sediment transfer decreases therefore the floating sediments in water have sufficient time to settle 
down in these points. 

 

List of signs 

Average viscosity of sediments in depth g m                                                  c 

Average speeds in the depths resulted from the flow model ⁄                   Vx , Vy 

Distribution coefficients                                                                                     Dx, Dy 

Water depth (m)                                                                                                     d 

Well and stream sentences                                                                                     Si 

Sedimentation rate g                                                                                      RD 

 Sedimentation speed (m/s)                                                                                    w  

Viscosity of the sediments close to the ground                                         Cb  

Sedimentation probability                                                                                       pd  

Corrosion coefficient of the ground                                                                       M 

Corrosion power                                                                                                      n 

Critical shear stress for corrosion                                                             ce  



Distribution coefficient                                                                                         D 

The coefficient of proportionality                                                                        K 

The size of the calculative network (mm)                                                           x 

Slow speed ⁄                                                                                                 U 
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