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PREFACE

Through the wonders of nature, water — the life blood of the biotic world —
takes different forms. Although nearly 72 percent of the earth’s surface is covered
by water, fresh water constitutes only a small part of it. Distribution of fresh water
in the world is erratic — there is surplus at one place while deficit in another due to
various reasons. Spatio-temporal variation in rainfall, regional/local differences in
geology and geomorphology, etc., are some of the prominent reasons behind these
observed disparities. In India, more than 90% of the rural and nearly 30% of the urban
population depend on groundwater for meeting their drinking and domestic water
requirements. Apart from this, nearly 60% of the water for irrigation also comes from
groundwater sources. But it is unfortunate that a greater part of the Indian population
still find it strenuous to meet the basic needs of water. A balance between demand
and supply as well as between different sources of water is imperative to overcome
the difficulties in fresh water requirements. There have been many initiatives in water
quality monitoring but efforts towards improving its quality have yet to gather required
momentum. Monitoring makes it easy to capture how land and water use impact the
quality of water and help estimating the extent of pollution. Once these issues are
addressed, evolving solutions to manage this vital resource would be the next logical

step.

Groundwater has long been regarded as a pure form of water in comparison
with surface water, because purification of water occurs in the soil column through
anaerobic decomposition, filtration and ion exchange. This is one of the reasons for
over dependence on groundwater, more specifically well water, in the country and
elsewhere. Over exploitation of groundwater resources due to population growth,
urbanization and ever increasing demands have resulted in lowering of water table and
deterioration of water quality. The situation is rather alarming in Kerala, a state located
in the south western part of India having high population density and low percapita
land/natural resource availability. It has been reported that well water and other forms
of groundwater sources like natural springs in Kerala contain a variety of harmful
substances, the concentration of which increases with increased human activity. These
point to the immediate need for more focused efforts to maintain the availability and
quality of water within standard limits. Although microbial pathogens have been the
main source of water contamination for most parts of Kerala in the past, chemical

pollution from point and non-point sources have also emerged as an equally serious



threat in recent years. Lack of adequate base line data on the quality and availability of
drinking water is a major hurdle in strengthening the existing regulatory systems and/

or policies related to conservation and management of fresh water sources.

Taking this impending crisis into account, a detailed study has been carried
out here to assess the water quality and drinking water potential of the groundwater
resources (springs and wells) in two important river basins of Kerala — the Ithikkara
and Kallada river basins, draining the southern Western Ghats, as an example. The
outcome of the results of the study will provide insights for the management and wise
utilization of drinking water sources of these two river basins in particular and similar

river basins in the country in general.
The entire study is addressed in 7 chapters.

Chapter 1 deals with a detailed discussion on groundwater and its changes
over the years. A brief write up on the groundwater scenario in India with specific
attention to Kerala, description about the different forms of groundwater, especially
springs and wells, classification of springs, spring occurrence, human interest in
springs and facts about springs and wells in Kerala are also given, apart from the
objectives and scope of the study. Chapter 2 presents the geo-environmental setting of
the study area. The details of location, population, topography, slope, geomorphology,
geology, hydrogeology, soil, climate, stream network, drainage density, lineament
density, irrigation, agriculture, land use, flora and fauna, economic minerals and
environmental issues are also detailed in the chapter. The materials used and the
different methodologies adopted for the generation of data base for the study is dealt
in chapter 3. This chapter describes the various procedures adopted for the sampling of
springs and well waters, the analytical, graphical and statistical methods employed for
the estimation and interpretation of data. The methodology followed for the delineation

of groundwater potential zones is also included.

Chapter 4 covers the hydrochemistry of spring waters. The highlights of previous
studies carried out on spring waters are given in the chapter followed by presentation
of the results of physico-chemical parameters, trace elements and bacteriological
analysis. A detailed discussion on hydrochemical process, ion exchange process and
influence of terrain and geologic factors on hydrochemistry is made in this chapter.
The hydrochemical characteristics of well water samples are dealt in detail in chapter

5. The results of physico-chemical parameters, bacteriological analysis, discussion



on hydrochemical processes, major ion chemistry, hydrochemical facies, saturation
indices estimation and the study on water mineral equilibrium with respect to well
water samples is included in this section. Chapter 6 deals with a detailed assessment of
water quality as well as water potential of springs and wells in the study area. Drinking
water suitability and irrigation water suitability of springs and well waters are also
showcased in this chapter, in addition to delineating the groundwater potential zones
of the study area using GIS and Remote Sensing methods. The summary, conclusions

and recommendations drawn from the study are given in chapter 7.

The references cited are given at the end of the thesis.



Chapter - 1
INTRODUCTION

1.1 Introduction

Water is a vital natural resource, the availability of which is utmost essential for the
existence of life on earth. It is also essential for sustenance of agricultural productivity,
environmental purity, industrial growth, power generation and many other natural and
man-made processes (UNECE, 1995). However, expanding population coupled with
urbanization, industrialization and skewed agricultural developments have resulted in
marked impact on the quantity and quality of water resources. Fresh water is distributed
in nature in different environmental systems like rivers, lakes, glaciers, groundwater
etc. According to the United States Geological Survey (USGS, 1984), 84.9% of fresh
water is locked up as ice in polar glaciers. Groundwater accounts for about 14.16%
of fresh water while, lakes and reservoirs together contains about 0.55% and, soil

moisture and atmospheric vapour hold about 0.33% of fresh water.

Out of the total, only a small fraction of fresh water flows through rivers
and streams. Unscientific and unplanned fresh water use and distribution lead
to a wide range of water related problems, including conflicts over access and
quality, competition between urban, rural and environmental uses, human health

problems and constraints on economic development. Reports show that a total of
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22 countries, including India, currently have renewable water supplies less than
1000 ni/person/year (Goyal, 2014). Agriculture is the largest water user and over 30%
of the world’s food production comes from irrigated lands. Industrial water use is
estimated to the tune of 24%. World-wide house hold consumption of water is estimated
to be 8% which include water used for drinking, bathing, cooking, sanitation, and

gardening (Omraet al., 2014).

India has a potential groundwater reserve of 431423 milliénTinere are
about 1500 glaciers in the Himalayan region with an estimated volume of 1400 km
water (Subramanian, 2000). About 2.8 million%of Indian Territory is reported to
be groundwater worthy and about 30% of it is used for sustaining the existing water
supply networks. The annual utilizable surface and groundwater resources of India
come to about 690 Kihyear and 396 kéhyear, respectively (Kumar et aRp05).
Although there are plenty of fresh water resources in India, many regions of the country
experience drinking water scarcity due to vast disparity existing in the availability of
water. About 70% of the population depends directly on agriculture and about 28% of
the country’s Gross National Product (GNP) is also from these primary sectors, which
in turn depend significantly on the surface water resources. The World Resources
Institute, a US based R & D organization estimated that the demand for water in India
will grow to almost 1500 billion cubic meter by 2030, driven by domestic demand
for rice, wheat and suga$fjiaoet al., 2015). The current water supply of India is
estimated to be 740 billion cubic meter. Many of the river basins are expected to face
acute water shortage by the year 2030, if corrective measures are not taken without
much delay. The situation of groundwater is also expected to be bleak as the resource

1s markedly depleting both in quality and quantity.

The water related environmental issues will be critical in the densely populated



