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ABSTRACT

This work comprises modelling reservoir sedimentation using Computational Fluid
Dynamics software for Kibimba reservoir. However the knowledge about the rate and the
pattern of sediment deposition is one of the important requirements for understanding

sedimentation and morphological processes in the reservoir.

The overall objective is to come up with a reservoir sedimentation model which will
predict sediment variation as a guide to reservoir management and this will be achieved
through simulation of different sedimentation processes within the reservoir during
operation and flushing process in the reservoir. In order to achieve this, the following
specific objectives have to be accomplished. Estimating the sediment loading from the
contributing sub-catchment and the current reservoir volume is one of the specific
objectives. Quantifying different kinds of sedimentation that occur in the reservoir and its
distribution pattern within the reservoir is another. Finally all the above will aid in the
development of a sediment model for Kibimba reservoir and this model will be used to

simulate different sedimentation processes.

The project was able to come up with a model which was developed using SSIIM tool in
CFD to determine various reservoir parameters using Navier Stokes equations.

The analysis looks at estimating sediment loading in the reservoir from the contributing
sub-catchment and estimating current reservoir volume, quantifying different kind of
sedimentation that occurs in the reservoir and its distribution pattern within the reservoir
and the numerical modeling. This also covers the Graphical User Interfaces (GUI) of
various reservoir parameters as far as sedimentation and water level is concerned. The
interfaces include both SSIIM and Paraview 5.9.0 RC3. The input values that were used in

the model were from both River Malaba and River Kibimba.

The annual rate of increase is 56.4% hence increase in sediment transportation in Kibimba
reservoir.There was reduction of the area occupied by the reservoir from 450Ha to
442.656Ha and the volume of the reservoir was reduced from 31.4 million m® to 25.7

million mé.

This model can be re-adjusted and simplified to fit various reservoir conditions in order to

carry out simulations of various reservoirs hence an application for this model.
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CHAPTER ONE: INTRODUCTION

This work comprises of modelling Reservoir Sedimentation using Computational Fluid
Dynamics software for Kibimba reservoir.

Numerical sediment transport models are available in one, two, and three dimensions.
However, more modelling is performed with one-dimensional (1D) models which tend to
be more robust than their two- and three-dimensional counterparts and require less input
data and computation time. Two-dimensional (2D) sediment transport models are much
more common than three-dimensional (3D) models. Recent advances in computing power
and model code have resulted in the increased use of multi-dimensional models.

Guidance pertaining to the selection of the appropriate model is gained from professional
experience and from the literature. Model complexity and capability varies with the ability
to handle unsteady flows, bed load and suspended load, sediment exchange processes,
type of sediment (cohesive versus non-cohesive), and multifractional sediment transport.

Therefore, basing on the previous experiences for sedimentation and the capabilities of the
SSIIM tool, this tool in CFD is suitable to perform reservoir sedimentation modelling.

1.1 Background

Reservoirs are built for many purposes, including flood control, water supply (for
agriculture, industry, and urban usage), power generation, navigation and recreation, etc.
As rivers carry sediment load, whether in large or small amounts, reservoir sedimentation
occurs simultaneously with the impounding of water. Meanwhile, the river channel
downstream of the reservoir experiences modifications induced by the changes in flow
and sediment regimes. Those changes upstream and downstream of dams lead to intensive
changes in environment, ecology and river morphology, affecting engineering projects
along the river, etc. It is necessary to predict such changes(Xiaoging, n.d.).

Reservoir sedimentation happens in most reservoirs in the world, and the sensitivity of
such phenomena is determined by the normal reservoir size, hydrological size as well as
the morphological behaviour of the river system. From the water resources point of view,
due to limitation of the natural resources and the global changes that happen in the latest
century, the problem of reservoir sedimentation has become a serious problem especially
when it affects the availability of water resources in such area and maximizing the risks

coming from the excessive floods due to weather changes.
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