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______________________________________________________________________________________ 
ABSTRACT  
A particle model to describe and predict sediment transport in shallow water is developed with the use of random 
walk models. The model is developed by showing consistency between the Fokker-Plank equation and the Advection 
diffusion equations. Erosion and deposition process in the model are developed probabilistically where the erosion 
term is considered to be a constant and deposition term is taken as a function by relating sediment settling velocity 
and diffusion coefficient. Eventually, we simulated the particle model by considering three environment tests. In each 
environment test the simulations show the distribution of particle and the position of each particle at any given time t. 
The simulations also show the particles that will finally remain in suspension state and the particles that will be 
deposited during the transport process following the deployment of 10,000 particles. It was also established that 
there is uniform distribution of particles in test environment I and III and a linear dependence between the number of 
particles in different grid cell and the water depth in test environment II. 

Key Words: Stochastic differential equation, Random walk model, Fokker-Plank equation, Advection diffusion equation, 
Brownian motion. 

 ______________________________________________________________________________________________

1. INTRODUCTION  
Sediment transport deals with movement of fragmented materials (particles) by flowing water. There are three types of sediment 
transport which are bedload, saltation and suspension. Bedload transport occurs when sediment grain travel along the bed. 
Saltation occurs when a single grain whose length which is proportional to its diameter jump over the bed. Sediment is transported 
in suspension form when the flux is enough for sediment particle to reach a considerable height over the bed. These variations in 
movement are due to number of factors. To start with, variation of particle properties cause variation in particle movement. Such 
properties can be in terms of size, shape, mass or contents. Particle movement can also be affected by force exerted on it. For 
example, particle deposition and erosion depend on the force exerted on it, low force results to insufficient velocity of the particle 
and hence deposition. When high force is exerted velocity becomes large enough to cause erosion. More important sediment 
transport is turbulent in nature and hence this randomness results to variability in particles movement. In the presence of extreme 
flows, sediment transport has a significant negative impact, can cause environmental damages, poor water quality, destruction of 
land resources and structures, reduction in water depth in ports and harbours and ultimately economic instability. With these 
accounts there is a need of clear understanding of sediment transport to control effects associated with sediment transport. The 
focus of this study is to develop a stochastic model for sediment transport that can be used to predict the transport rate of 
sediments and change in water depth in ports and harbours since accumulation of sediments in harbours and ports continues to be 
a challenge in ports planning and operations [1]. Among other things accumulation of sediments in ports and harbours leads to 
reduced water depth which hinders large ships to dock. Thus, before planning and carry out dredging activities there is a need for 
understanding sedimentation rates. High rates of sedimentation bring the necessity of frequent dredging, this bring high-cost 
implication to ports and harbours operations. In the following section we introduce a mathematical model that deals with sediment 
transport and shallow water equations. In the following section we introduce a mathematical model that deals with sediment 
transport and shallow water equations. 
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Figure 1 is the plot of equation (27) which shows that after a long time of simulation, particles in suspension and deposition will 
be uniformly distributed over the domain. The case is verified by figure 5 which is a simulation of the particle model with 
deposition and erosion term at large time t=10. 

Figure 1. The Gaussian plot for dispersion coefficient. 

Figure 2. simulation of the particle model at t=0. 

Figure 3. simulation of the particle model at t=0.5 
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Figure 6. The plot of space varying depth. 

Figure 7. simulation of the particle model at t=0.25 

Figure 8. simulation of the particle model at t=1 
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