PREFACE

Rivers are a perennial source of freshwater, and it is an essential need for humans
and ecosystems for drinking, bathing, recreational activities, etc. The development of
civilizations started on the river banks, and these continuous civilisations developed into
major cities. The water demand for these cities has exponentially increased for drinking,
irrigation, transportation, and many other things. Change in quantity or quality of these
fresh waters affects human life severely. The uneven distribution or modification in
patterns cross-sections or other geometric or hydraulic features leads to flood and drought,
leading to severe impact on human life. Due to the increase in manmade/industrial activities
near these cities, the nature and quantity of pollutants are increasing, leading to degradation
in water quality. These degradations in the quality of water are leading to a reduction in its
utility. Therefore the effective management of water of the river is essential and a big
challenge for engineers.

The river Ganga is India's most prominent and holy river and has the largest basin
of 10,00,000 km?. It also acts as a lifeline for major cities of north India like; Haridwar,
Kanpur, Prayagraj, Varanasi and Patna. The great northern plain of India has formed in the
basin of the river Ganga. Varanasi city is located on the bank of river Ganga and known as
the pilgrimage city of India. Varanasi is having a population of 1.2 Million and having 80
bathing Ghats. Sediment transport is a natural process of the river, and it is getting affected
due to anthropogenic activities and the construction of hydraulic structures/ bridges.
Change in this sediment transport process, the morphology of Ganga River and its basin
characteristics are changing and leading to frequent floods.

Further, due to urbanisation and human activities, different waste materials get
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generated due to sewage, solid wastes and industrial effluents. Mixing of these pollutants
with water of river becomes the reason for the pollution of river water. Due to these
pollutions, significant degradation of the quality of water of river Ganga is taking place.
Further, causing strains on the filtration process, understanding both aspects, i.e. sediment
transport process and pollutant dispersion process, is essential in terms of quality and
quantity of water resource management. The present study focuses on these two aspects for

the river Ganga nearby Varanasi City.

The numerical modelling and physical modelling aspects have been investigated to
understand sediment transport and pollutant transport behaviour. For modelling of sediment
yield of the basin near Varanasi process of Soil and Water Assessment Tool (SWAT)
analysis is used in this study. Land Use Land Cover (LULC) map, soil map, hydrological
data, and metrological data have prepared using Digital Elevation Model (DEM) for SWAT
analysis. ArcSWAT software package had used for the SWAT analysis. Calibration and
validation of the data have done with the help of Sequential Uncertainty Fitting version 2
(SUFI-2). For physical measurement of the sediment concentration and its impact over bed
cross-section, the Acoustic Doppler Current Profiler (ADCP) instrument was used for the
stretch considered for the study. ADCP data gives bed cross-section and backscattering data
for the determination of sediment concentration. For getting sediment concentration,
backscattering data needs to be calibrated by the direct measurement of sediment
concentration. Modelling the sediment transport process of river Ganga near Varanasi was
done by the Hydrological Engineering Centre — River Analysis System (HEC-RAS)
software package. RAS-Map prepared by DEM, hydrological data and metrological data

was used as input data. Bed cross-section and sediment concentration were obtained as
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output. It is observed that the sediment yield of the watershed has been increased in recent
time. The bed profile and sediment transport behaviour are changed at some of the cross-
section.

For modelling pollutant transport behaviour, the ANSYS software package was
used. Modelling the stretch of river Ganga near Varanasi with Assi Nallah as a major
pollutant source was considered for understanding pollutant transport dynamics. Geometric
characteristics, flow characteristics of river Ganga and Assi Nallah was used as input data.
The flow pattern was obtained as output. The physical modelling is used to validate the
result of computational model. Physical modelling was done with the help of an S-bend
channel, and the flow pattern of the pollutant was obtained. Flow pattern indicates the
extent of pollutant flow in the river. Therefore, it can help in the management of pollutant
discharge in the river. The present study observed that sediment transport behavior
significantly depends upon basin characteristics, flow discharge, and morphology of the
river. A total of fifteen cross-sections have been considered and found two cross-sections
having excessive depositions. It has arrived that the pollutants are flowing in the concave
side of the river, and the existent concentration of pollutants are up to 2 km. The

concentration of pollutants after that 1is less than the upstream section.
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