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Abstract

The role of reservoirs and their operation during times of impending extreme flood events as well
as during active events in real time has long been under scrutiny in India as well as globally. The
genesis of this debate may be traced to the recurrent post facto experiences that point to likely
exacerbation of flood related emergencies and consequent distress situations caused by
emergency reservoir releases. These ‘panic’ releases become inevitable as need arises to resort to
emergency responses. It is often averred that, with due diligence, foresight and rational release
decisions, such panic responses could have been avoided. The spectre of brimming upstream
reservoir storages occurring concurrently with the arrival of extreme levels of flood inflows is

indeed an overwhelming influence that only reinforces the latter perceptions.

Interest in the underlying dichotomy between reservoirs as a dependable structural flood
mitigation alternative on the one hand and their potential to actually enhance severity of flood
risks during active flood events on the other, is comparatively recent. This is notwithstanding the
fact that the interest in reservoirs as an effective flood mitigation measure has a long and proven
record. However, it is no surprise that studies to develop an objective, case study specific,
framework to assess the comprehensive impacts of reservoirs on floods of extreme levels are

indeed few and far between.

The Krishna River Basin (KRB) ranks amongst some of the hydrologically most altered river
systems in India and is the research focus of this doctoral research. Owing to the basin’s
significant feature of being both flood- and drought-prone, the scope of the development of water
resources through large reservoirs and their extensive socioeconomic reach across the basin is
tremendous. The thesis investigates the role of reservoir operation on extreme flood event
prognosis along with their design features and the existing operation policies as non-structural
measures of aversion, mitigation and management of floods and the related issues of changes in
the flood event’s associated hydrologic risk levels. The thesis also seeks to incorporate these latter
issues to develop insights into possible flood risk management policy framework. This Ph. D.
research seeks to understand the role of reservoirs by framing an approach that seeks to score high
on a sound rationale and objectivity. This, it is averred, will provide the grounds for a
comprehensive spatiotemporal assessment of impacts of reservoirs on various dimensions of
floods in the KRB.

Present research follows a step-by-step multidimensional approach to analyse the
spatiotemporally diverse impacts of reservoirs on floods of the KRB evaluated through (a) overall

water balance of the KRB, (b) site-specific flood frequencies of flood peaks and flood volumes



(c) project specific reservoir operation and flood inundation mapping. Recognising the magnitude
of spatial and temporal variation in hydrometeorology and anthropogenic impacts, a previously
established categorization system of splitting the basin geographically into 12 sub-systems (K1
to K12), has been adopted in this research and, for each such sub-system, hydrological
reconstructions have been carried out of (i) business as usual (regulated) scenario and (ii) virgin,
unimpaired (unregulated) scenario using the SWAT hydrological modelling platform.
Preliminary studies suggest that a univariate flood peak frequency analysis-based flood typology
study is unable to adequately capture the true impact of reservoir operations on flood event
hydrographs thus underscoring the role and importance of bivariate /multivariate flood frequency
analysis (FFA).

Accordingly, the framework presented in this research for the assessment of impacts of reservoir
operations on flood typology and associated risk comprises of the following steps — i) Bivariate
copula based FFA performed on unregulated flow regime and incorporating AND, OR and
Kendall Return Periods of flood peaks and flood volume. ii) Development of Synthetic Extreme
Event Flood Hydrographs (SEFHs) for varying bivariate return periods through various
parametric and non-parametric approaches and iii) Simulation of reservoir operations to release
the developed SEFHs under varying scenarios and criteria of reservoir and system settings to
compare the outcomes of current practice rule curves against various release scenarios generated
through the predepletion based operation rules proposed in the current study. Finally, HEC-RAS
based hydraulic modelling platform is used to route the derived reservoir outflow hydrographs to
evaluate the prospects of moderation in the downstream flood inundation patterns under the

proposed rules-based reservoir operations.
The major findings of the study are as follows,

(i)  Preliminary analysis suggests that direct utilization of recorded streamflows and rainfall
data for reservoir impact assessment in KRB is not feasible due to streamflow regime
alteration and non-stationary data.

(i)  The hydrological model of KRB developed in SWAT framework can imitate the present
hydrological regime reasonably well. NSE values above 0.5 were obtained in both
calibration and validation phases.

(iii)  Astudy on flood typology using univariate FFA suggests that the hypothesis of flood events
increasing in KRB is untenable, except for the K7 subsystem which shows signs of
moderation. However, it should be noted that univariate FFA is not capable of representing
the complete characteristics of a flood event. Furthermore, the study found that the return

periods of annual maximum flood peaks and the causal rainfall event are significantly



(iv)

v)

(vi)

different. Therefore, it is not ideal to use rainfall as a substitute for non-stationary
streamflow.

A copula based FFA was carried out on the reconstructed virgin (unregulated) streamflow
regime. Results were compared with the observed annual maximum flood peak-volume
pairs. The study suggests that subsystems with large reservoir storages (K1, K2, K8, K7,
K5) have multiple flood events with similar peak but different volume. On the other hand,
subsystems with less storage facilities and short travel time experience flood events with
different peaks but having similar volume range (K10, K11 and K12). Additionally, it has
been observed that maximum observed flood events fall within the ambit of AND return
period curves and not in OR return period curves.

The results of comparison of the design flood estimates of existing projects with copula
based FFA suggest that only projects in the K7 subsystem, namely Nagarjuna Sagar and
Prakasam Barrage, have their design flood estimates within the range of OR return period
curves. In contrast, projects in other subsystems have their design flood estimates around
AND return period curves.

The simulation of various reservoir operation policies for extreme events suggest that
predepletion is key in managing flood risk. Based on the Malaprabha reservoir case, which
is presented in detail in this thesis, it was observed that a reduction in flood frequencies due
to a change in lead time can be as high as 64%. Meanwhile, for the initial reservoir level,

it was found to be 79% for the 100-year return period flood.

The key highlight of the present study is the framework designed to assesses the impacts of

reservoirs on floods and its application for the case of KRB. Study comes to the firm conclusion

that the predepletion-based reservoir operation strategy, if adopted as one of the important non-

structural measures of flood management, will ensure robust solutions with better prospects of

flood risk mitigation and management in India.

Key words: Krishna River Basin, Hydrological Modelling, Univariate and Bivariate Flood

Frequency Analysis, Copulas, Hydraulic Modelling, Synthetic Extreme Event Flood Hydrograph,

Reservoir Simulations, Flood Risk Management.
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