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ABSTRACT

This doctoral thesis presents a comprehensive study on the evaluation of the operation rules of
the Idamalayar and Idukki reservoirs within the Periyar river basin, focusing on flood reduction
through hydrological and hydrodynamic modeling. The research is prompted by the increasing
frequency of catastrophic floods globally, particularly evident in the devastating 2018 floods
in Kerala, India. The Periyar River basin, home to major hydro-electric projects, faced
unprecedented challenges with extreme rainfall, resulting in floods that surpassed the projected

100-year peak discharge.

The study employs a hybrid model, coupling 1D-2D river modeling, to assess inundation
extents and flooding depths, addressing the deficiency of continuous time series monitored
data. The developed iRIC 2D model, implemented under controlled and uncontrolled
conditions, exhibits satisfactory performance during calibration and validation against
observed field data. The integrated SWAT-iRIC model proves effective as a flood simulator in
the flood-prone Periyar river basin. The study highlights the well-managed operation policies
of the Idamalayar and Idukki reservoirs, as evidenced by controlled flooding depths below 3m.
The developed framework, a valuable tool for flood reduction, offers insights into reservoir
operation policies on a larger scale, contributing to flood reduction planning and natural
disaster management. The study showcases the applicability of the SWAT model for assessing
flow in the Periyar river basin, demonstrating superior performance in calibration and

validation processes.

The research extends its scope to habitat suitability for fish using remote sensing, GIS, and
AHP, offering insights applicable not only in India but also in other countries facing increased

pressure on water resources due to population growth. The integrated modeling process



identifies ecological optimum discharge values and least suitable discharge based on habitat

suitability, environmental standards, hydrological water availability, and legal constraints.

Furthermore, the study introduces an integrated model for optimal reservoir scheduling,
considering water demand factors, environmental baseflow, flood management, and competing
water demands. The combined reservoir operating method prioritizes planned hydropower
reliability and safeguards downstream ecosystems. Improved rule curves for the Idukki and
Idamalayar reservoirs aim to minimize annual water shortages and enhance flood management
capabilities. The new curves, resembling existing patterns, emphasize the significance of
increased reservoir volume during the monsoon season. Future research could derive optimal
operating policies at daily time steps, offering a more detailed understanding of reservoir

dynamics.

From the above discussion, it can be said that the present doctoral thesis significantly advances
the scientific understanding of reservoir operations, flood reduction strategies, and habitat
suitability assessments. The proposed framework and models offer practical applications for
effective planning, management of natural disasters, and sustainable utilization of water
resources, especially in the face of escalating global challenges. The study's multidimensional
approach, spanning hydrological modeling, reservoir operation policies, and ecological
assessments, positions it as a comprehensive and valuable contribution to the field. The
findings not only deepen our understanding of the Periyar River basin dynamics but also
provide transferable insights with broader implications for regions worldwide facing similar

water-related challenges.
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