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ABSTRACT 
 

Irrigation system performance is affected by sediment deposition. Many researchers 
have studied non-cohesive sedimentation in rivers, coastal, estuaries and irrigation 
canals. While for cohesive sediments, researchers considered only rivers and costal, 
estuaries but not irrigation canals. This study simulates cohesive sediment in 
irrigation canals in order to understand their behaviour. The Delft3D model, which is 
originally used for rivers, was applied to a hypothetical case study main canal feeds 
one branch canal, to simulate the behaviour of cohesive sediments and water. In the 
first scenario, model calibration was done by assuming no sediments enter the main 
canal and comparing its results with those obtained from Duflow model. The results 
were close to each other and the flow was steady in the canal. In this way the model 
was calibrated and Delft3D can be used to simulate cohesive sediments in irrigation 
canals. In the second scenario, sediments entered the system and delft3D was used 
to simulate this scenario for three months. Because of the small size of cohesive 
sediment it was carried and transported through the main canal to the end and to the 
branch canal. Because of erosion and deposition, water levels are disturbed. 
Morphological changes in canals bed are seen in the branch canal where increasing 
velocity caused erosion to the canal bottom, while reducing velocity caused 
deposition. Based on the results of the calibration scenario, Delft3D can be used for 
irrigation systems. More studies needed to be done on cohesive sedimentation in 
irrigation canals especially for big irrigation systems. 
 
Keywords: Sediment deposition, Delft3D model, Calibration, Cohesive sediments 
behaviour. 
 

1. INTRODUCTION 
 

When sedimentation occurs in the irrigation canals, it causes many operational 
problems. The bed level rises, leading to rising water level at the upstream. Then, 
water distribution is affected so upstream part will get more water than quota while 
downstream part will get less water due to decreasing water level. All these cause 
problems of undersupply, inequity, and a decline in the irrigated area.  
 
Sediments may be cohesive and non-cohesive. Sediment transport rates depend on 
upstream as well as local flow conditions. Cohesive sediments consolidate after 
deposition and require high shear stress to dislodge and re-suspended them. In small 
canals, where the bed shear is limited by small flows and depths, there is little stress 
to the sediment deposits.  
 
Sediment control structures are constructed at the head of the canals in order to 
exclude or to extract coarse sediments like sand and gravel, which settle in the main 
canals. The fine sediment moves through the main channel and settles in lower level 
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such as distribution canals and field level (watercourses). In many schemes, the costs 
of silt removal are too high. In some cases, sediment settles faster than it can be 
removed by routine maintenance (Lawrence & Atkinson, 1998). 
 

2. RIVERS AND IRRIGATION CANALS   
 
Despite many similarities, there are some major differences between rivers and 
irrigation canals, such as the presence of a large number of flow control structures in 
irrigation canals, the need for controlling level and discharge, the great influence of 
side banks on the velocity distribution, width to depth ratio and the sediment transport 
is mainly suspended in irrigation canals (Depeweg and Paudel, 2003) as cited by 
(Osman, 2012). 
 
The differences between rivers and irrigation systems made application of 
mathematical models representing river characteristics to the irrigation systems 
difficult. Differences between rivers and irrigation canals are listed in Table 1. 
 

Table 1. Differences between rivers and irrigation canals 
 

Rivers Irrigation canals 

b/h ratio is large b/h ratio is small 

Wave effect exists No wave effect 

Absence of control structures Many control structures are present 

Multi-directional flow Unidirectional flow 

Eddies are present No eddies but there are other factors 

Large capacity and high velocity Limited capacity and low flow velocity 

Far away banks don’t affect velocity distribution Nearby banks affect velocity distribution 

 

3. PROBLEM DEFINITION 
 
In order to produce sufficient food for the increasing population, it is required to 
maintain irrigation water provisions to the canal command areas and improve water 
management. Canal sedimentation is a hindrance in canal water management. 
Studies have been conducted b to understand canal sedimentation and its control.  
 
3.1 Sediment and hydraulic problems 
 
Sedimentation causes canal operational problems due to reduced conveyance 
capacity, blocking the off-takes and gates, raising canal beds so water distribution is 
affected, canal breach and bank erosion. These factors not only affect canal 
performance, but also threaten their sustainability and crop productivity. 
 
3.2  Lack of knowledge 
 
Many studies have investigated non cohesive sediments in irrigation canals but very 
few are on cohesive sediments. Mathematical models developed to simulate non 
cohesive sediment in all water bodies have been applied in rivers and not in irrigation 
canals. Some of these models offer possibilities of running using written algorithms 
(Clemmens, Bautista E., Wahlin BT., & Strand, 2005). But still there are limitations due 
to the functional and computational environment of the model that have been 
customized for irrigation canals.   
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Although there are studies conducted in irrigation schemes such as Gezira Scheme in 

Sudan (Osman, 2012), most focus on quantification of cohesive sediment in canals or 

impact on the performance. Few studies focus on cohesive sediment behaviour and 

the effect of operation of irrigation canals on sedimentation. 

4. OBJECTIVES 
 
It is important to know how cohesive sediments behave in irrigation canals to get rid 
or reduce its negative impacts on irrigation systems. Therefore, the main objective of 
this paper is to understand the cohesive sediment behaviour in irrigation system. A 
suitable mathematical model will be used for irrigation canals to evaluate the 
morphological changes.  
 
The research questions are: 
 
How cohesive sediments will be deposited and distributed along the irrigation 
system? 
 
Is it possible for models (which already work for cohesive sediments in rivers) to be 
used in irrigation systems? 
 

5. METHODS 
 

5.1 Mathematical Modelling 
 
Water flow and sediment transport processes can be expressed in mathematical 
relationships and solved by using different techniques. Different models have been 
developed and are in use with varying assumptions and capability. Models that can 
simulate sediment transport process are mainly intended for rivers. These models 
were generally not developed with specific characteristics of irrigation systems e.g.  
Presence of control structures in irrigation canals. Some of them offer possibilities of 
running using written algorithms (Clemmens et al., 2005). 
 
There are many factors in an irrigation system to be represented in the model, such 
as incoming water and sediment, flow control structure, operation and maintenance 
practices, sediment concentration, sediment size, and hydraulic parameters.  
 
Therefore, with mathematical model, the interaction between these factors and its 
relationship with transport of sediment behaviour in the canal will be learned. 
However, because of complex process of dynamic sediment movement and water 
flow, it seems not possible to make a comprehensive analytical description of 
sediment transport (Raudkivi & Witte, 1990).  
 
Researchers developed different mathematical models to understand sediment 
behaviour and tried to find solutions to get rid of them. (Osman, 2015) in her research 
dealt with cohesive sediment in Gezira scheme, in Sudan. She developed her own 
model which is one dimensional numerical model Fine Sediment Transport (FSEDT) 
to conduct her study on fine sediment transport in irrigation canals. After she 
reviewed several mathematical models, she came to the conclusion that there was no 
model suitable for considering cohesive sediment behaviour. Then she tried different 
scenarios of canal operation. 
 
Her study comes up with strategies of water management that can reduce the 
deposition in irrigation canals by operating the system continuously based on crop 
water requirement at the period of high sediment concentration with the field outlet 
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pipes operating at their full capacity. She found that the continuous system reduces 
the amount of deposited sediments more than the night storage system. The high 
irrigation efficiency is expected to reduce sediment deposition. 
 
A great effort needs to be put to improve canals design, as rehabilitation of the 
system is not enough to reduce the accumulation of the deposition along the canals 
but the system itself needs to be remodelled. The developed model can be used to 
evaluate the proposed management plans in terms of transport of cohesive sediment. 
 
5.2 Delft3D model 
 
Delft3D is unique fully integrated computer software composed of several modules 
developed by Deltares, Delft3D consists of a multi-disciplinary approach and 3D 
computations for coastal, river and estuarine areas. The advantage of Delft3D model 
is, it simulates hydrodynamic flow, computation sediment transport (cohesive and 
non-cohesive) sediments and morphological changes and it deals with networks. 
 
There is some disadvantages such as the effect of wave asymmetry on the bed load 
transport, and wave forcing and a roller model varying on the time-scale of wave 
groups, also need more studies to be carried out to assess the applicability of the 
model to general coastal engineering problems. These disadvantages not related to 
irrigation canals, so it can’t be counted as disadvantages in my research.  
 
The only disadvantage is that, Delft3D model not yet used for irrigation canals. So 
Delft3D model will be used for the hypothetical case study which will be described 
next section. Though this model deals with rivers not with irrigation canals, it will be 
used because of the big similarities between rivers and irrigation canals. And because 
the irrigation canals in the hypothetical case study assumed to be rectangular so 
there is no big difference from river. 
 
5.3 Governing equations 
 
There are two aspects to be considered in schematizing the water flow in the 
irrigation canals. The first aspect is the operational aspects where the water flow 
becomes non-uniform and due to changing in water requirements and gates 
operational to complete the water demand and to keep water level as it required for 
the field’s needs. The Second aspect is the sediment transport aspects, where the 
changes in water flow in time and space are faster than changes in morphology of 
sediment. As quoted from (Depeweg & Méndez, 2007), according to (Cunge et al., 

1980), the interrelation between water flow and sediment transport can be illustrated 
as one-dimensional event without changing in the shape of cross section as follows:  
 
Hydraulic aspects:  
 
Continuity equation for movement of water:  
 

 ……………………………….……………………….…. 1 

Momentum equation in X and Y direction for movement of water : 

…………… 2 

 …..…….. 3 
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Where: 
 

d  = water depth below plane of reference (m); 
f  = Coriolis parameter (1/s); 
Fx,y  = x- and y-component of external forces (N/m2 ); 
u, v  = depth averaged velocity (m/s); 
U  = absolute magnitude of total velocity, U= (u2 +v2)1/2 (m/s); 
ρw  = mass density of water (kg/m3);  
ν  = diffusion coefficient (eddy viscosity) (m2 /s); 
η  = water level variation above plane of reference (m); 
g  = gravity of acceleration (m/s2); 
τbx,y  = x- and y-component of the bed shear stress (N/m2). 

 
Equation 1, 2 and 3 describe the conservation of mass and momentum which also 
known as Saint Venant equation for unsteady flows.  
 
Sediment aspects:  

 
Friction factor predictor as a function of: 
 
C = f (d50, V, h, So) .............................................................................................................4 

 
Continuity equation for sediment transport: 
 

........................................................................................ 5 

Sediment transport equation as a function of: 
 
Qs = f (d50, V, h, So) .......................................................................................................... 6 

 
Where:  
 
Qs = sediment discharge (m3/s) 
B    = bed width (m) 
d50= mean diameter of sediment (m) 
ρ    = porosity 
 
These five equations are related to each other because sediment transport and water 
flow are interrelated and cannot be separated (Cunge, Holly, & Verwey, 1980). 
 
Calibration: 
 
To calibrate the model from hydrodynamic point of view and getting steady state 
condition for flow, the first scenario assumed no sediments enter in the canal. To 
verify if Delft3D can be used in irrigation canals, a test has been done for Delft3D by 
comparing its results with results obtained from Duflow model for the same case 
study, Duflow is usually used for irrigation canals. By this comparison, if the results 
are close to each other, a decision will be taken that, Delft3D model can be used for 
irrigation systems.  
 
Scenarios: 
 
First scenario (without sediments or calibration scenario): As mentioned aboveno 
sediment enters the irrigation canals. Compare results with other results obtained 
from Duflow model for the same case study. 
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Second scenario with sediments: In this scenario Delft3D will be used to evaluate the 
morphological changes in the canal bed after three months and compare it with the 
first condition. These changes due to entrance of cohesive sediments with 
concentration 0.25 kg/m3 and with morphological factor (MF=1). 
 
Where morphological time scale factor is a factor to evaluate the updates in the canal 
bed at each computational time-step, the hydrodynamic flow calculations are always 
carried out using the correct bathymetry. In addition, find the relationship between 
water distribution and sediment deposition. 
 

6. DESCRIPTION OF THE HYPOTHETICAL CASE STUDY 
 
Main canal with length (1km) and a branch canal with length (0.5 km) takes water 
from it at the middle of main canal as shown in Figure 1. The geometric dimensions 
for both canals shown in Table 2 and Table 3. The irrigation canals are assumed to 
be rectangular in section. 
 

 
 

Figure 1. Hypothetical case study with all observation points 
 

Table 2. Geometric dimension of main canal Table 3Dimension of branch canal 
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Initial conditions  
 
Discharge = 0 m3/s and water level = 33.4 m + MSL. Main canal and the branch canal 
assumed to be suffering from cohesive sedimentation problem in the second 
scenario, sediment concentration is 0.25 kg/m3 and settling velocity is 0.25 mm/s. 
Where settling velocity is the process by which particles settle to the bottom of the 
canal and deposit forming sediment. 
 
Boundary conditions  
 
Delftt3D model was used with boundary conditions as follow: upstream condition in 
the main canal was discharge = 5 m3/s. Two downstream conditions the first at the 
end of main canal which is water level = 33.4 m + MSL, the other downstream 
condition at the end of branch canal which is (Q-h) relation.  
 

7. RESULTS & DISCUSSION 
 

First scenario (without sediments) calibration scenario 
 
The model was run in steady state conditions according to the field conditions (data 
assumed).Several values of discharge has been assumed but then the discharge in 
main canal was taken 5 m3/s related to design and b-h ratio requirements, the Chezy 
coefficient was assumed to be (40). 
 
After assumption of no sediments enter the irrigation system, the model was run for 
three days. Results showed that flow was steady which it was our target from 
hydrodynamic point of view. Compare these results with results obtained from other 
model named Duflow. 
 
Duflow model is a micro-computer package for the simulation of one-dimensional 
unsteady flow and water quality in open channel systems. The model can be used for 
irrigation and drainage networks, for tidal flow in estuaries, and may include water 
quality parameters. 
 
The comparison between the two models showed that, results are close to each other 
in the main canal and in the branch canal (see Figures 2 and Figure 3). So Delft3D 
model has been calibrated and after getting this close results it can be said that, 
Delft3D is suitable to be used in irrigation canals. 
 

 
 
Figure 2.  Comparison between Delft3D model and Duflow model in the main canal 

at the last day and how results are so close to each other 
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Figure 3.  Comparison between Delft3D model and Duflow model in the branch 

canal at the last day 
 
Figure 3 shows the close results of the two models in the branch canal on the last day 
when the water became stable. Results have been checked using Root square 
method (R2) and it was (0.91) which means that there is very good match between 
the two models. Again results have been checked using Nash-Sutcliffe efficiencies 
(NSE) and it was (0.8) which means that Delft3D has good results.  
 
(Osman, 2015)had stated that, Delft3D can’t be used for irrigation systems. But from 
the calibration scenario and those comparisons, it has been concluded that Delft3D 
model can be used to simulate irrigation canals.  
 
Second scenario (with sediments): 
 
In this scenario cohesive sediments enter the canal with concentration 0.25 kg/m3 

with morphological factor MF=1, and it has been simulated for three months. Some 
important parameters have been checked such as: 

 
Cumulated sedimentation and erosion 

 

 Main canal 
 
Erosion in the main canal starts from the first day after 12 hours and it increases till 
9/2/2016 it became (-0.038 m) and bed level became stable no more erosion for the 
whole main canal except in 500 m (where the main diverts to branch canal) and at the 
end of main canal there is deposition. At the end of main canal a negligible deposition 
about 1.9 µm or (1.9 *10-6) m occurs after one month. 
 
At (500 m) slight erosion starts at the same time after 12 hours, and it increased till 
10/2/2016, it reaches to (-0.031 m). After 10/2/2016 a slight deposition starts for 
almost three weeks it reaches to (0.032 m). On 28/2/2016 again bed level reaches to 
(0.031 m) and became stable the rest of simulation time (Figure 4) 
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Figure 4.  Erosion and deposition in main canal at different dates (Zero: reference 

level which represents initial bed level). 
 
Figure 4 shows how main canal be eroded for different dates and it shows the 
difference between the (500 m) and other positions in the main canal. It has been 
learnt that at diversion positions, deposition occurs. 
 

 Branch canal 
 
Deposition occurs in the branch canal, it starts from the first day after 12 hours and it 
keep increasing in the whole canal till the end of the simulation period. 
 

 
 

Figure 5. Erosion and deposition in the branch canal at different dates. 
 
Figure 5 shows deposition in branch canal at different dates and how deposition is 
increasing with time, for example after two weeks a deposition of (15 cm) occurs at 
500 m, while after one month deposition increased and became (30 cm) and so on.  
 

 Water level & Bed level  
 
Main canal 
 
Water level and bed level in the main canal are affected by sediments. Bed level 
decreases along the canal for 7 days. At the beginning till distance (400 m) it 
decreased (2.5cm), then bed level stop decreasing till end of simulation time. The 
same occurs from 600 m till the end of main canal, bed level decreased (2.6cm), then 
stop decreasing till end of simulation time.  
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While at 500 m where main canal diverts water to branch canal; bed level decreased 
(2.6 cm) for 7 days, after that it start to increase very slightly (0.025 cm) till end of 
simulation time. Figure 6 shows the changes in bed level of the main canal. 
 

 
 

Figure 6. Bed level along the main canal during simulation period 
 
Changing in bed level effects on water level. Water level decreases along the 
canal for 7 days. At the beginning and at 100 m, it decreased (6 cm) and reached to 
level (33.521 m), then water level stays at that level till the end of simulation time.  
 
While at 200 m and at 300m; water level decreased (5 cm) then water level stays 
stable with lesser decrease for the rest of the canal (from 400 m to 1000 m). Then 
water level became stable. The reason of this situation (decreasing in bed level and 
water level) is because of the erosion which occurs in the main canal.  
 
Branch canal 
 
In the branch canal, just the opposite occurs. Bed level increases in the first day 
along the branch canal and it keeps increasing till end of simulation period. At the 
beginning of the branch canal till distance (200m) it increases between (3.7 cm – 6.3 
cm). At distance 300 m till end of the branch canal, bed level increases between (7.1 
cm – 17 cm). Figure 7 shows the changes in bed level of the branch canal. 
 
Changing in bed level effects on water level. Water level increases for 90 minutes, 
then it became stable at the level of (33.468 m) till 4:00 P.M. Then, it start to decrease 
slightly at rate (1 mm) per day for six days. At 6/2/2016 it became to be stable at the 
level of (33.463 m) till the end of simulation period. The reason of this situation 
(increasing in bed level and water level) is because of the deposition of sediment in 
the branch canal. 
 

 
 
Figure 7. Bed level at each 100 m along the branch canal during simulation period 
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8. CONCLUSION 
 
Because of the small size of cohesive sediment it can be carried and transported 
through the main canal and into the branch canal. In other words sediments are 
depositing at the end of main canal and in the branch canals (and other small canals 
such as distributary canals and water courses).  
 
Because of erosion and deposition, flow parameters such as water level are affected 
and disturbed in the system. Morphological changes in canals bed are obviously seen 
in the branch canal where velocity can increase deposition and can make erosion. 
 
From the comparison between results of Delft3D model and Duflow model, we 
concluded that Delft3D can be used for irrigation systems. Even though the limitations 
we have made e.g. rectangular canals shape, no control structure, but it seems 
Delft3D can be used for irrigation canals with some modification in the future. More 
studies are needed to be done on cohesive sedimentation in irrigation canals 
especially for large systems (more networks or more branches and small canals such 
as distributary canals and, water courses) and with control structures. 
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