WATER RESOURCES ENGINEERING

Water in our planet is available in the atmosphere, the oceans, on land and within the
soil and fractured rock of the earth’s crust Water molecules from one location to another
are driven by the solar energy. Moisture circulates from the earth into the atmosphere
through evaporation and then back into the earth as precipitation. In going through this

process, called the Hydrologic Cycle, water is conserved — that is, it is neither created

nor destroyed.

It would perhaps be interesting to note that the knowledge of the hydrologic cycle was
known at least by about 1000 BC by the people of the Indian Subcontinent. This is
reflected by the fact that one verse of Chhandogya Upanishad (the Philosophical
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reflections of the Vedas) points to the following:

“The rivers... all discharge their waters into the sea. They lead from sea to sea, the
clouds raise them to the sky as vapour and release them in the form of rain...”

The earth’s total water content in the hydrologic cycle is not equally distributed.



Fresh water 2.5%

Saline water in
Oceans 97 5%

Total global water content

The oceans are the largest reservoirs of water, but since it is saline it is not readily
usable for requirements of human survival. The freshwater content is just a fraction of

the total water available.

Lakes, Rivers, and Soil Moisture

Ground Water
256 %

Ice caps and Glaciers

Global fresh water distribution
Again, the fresh water distribution is highly uneven, with most of the water locked in
frozen polar ice caps.
The hydrologic cycle consists of four key components

1. Precipitation



1. Precipitation

Precipitation occurs when atmospheric moisture becomes too great to remain
suspended in clouds. It denotes all forms of water that reach the earth from the
atmosphere, the usual forms being rainfall, snowfall, hail, frost and dew. Once it
reaches the earth’s surface, precipitation can become surface water runoff, surface
water storage, glacial ice, water for plants, groundwater, or may evaporate and return
immediately to the atmosphere. Ocean evaporation is the greatest source (about 90%)

of precipitation.

Rainfall is the predominant form of precipitation and its distribution over the world and

within a country.

The year can be divided into four seasons:
» The winter or northeast monsoon season from January to February.
» The hot season from March to May.
* The summer or south west monsoon from June to September.

* The post — monsoon season from O ctober to December.

2. Runoff

Runoff is the water that flows across the land surface after a storm event. As rain falls
over land, part of that gets infiltrated the surface as overland flow. As the flow bears
down, it notches out rills and gullies which combine to form channels. These combine
further to form streams and rivers. The geographical area which contributes to the flow

of a river is called a river or a watershed.

3.Storage

Portion of the precipitation falling on land surface which does not flow out as
runoff gets stored as either as surface water bodies like Lakes, Reservoirs and
Wetlands or as sub-surface water body, usually called Ground water.

Ground water storage is the water infiltrating through the soil cover of a land
surface and traveling further to reach the huge body of water underground. As
mentioned earlier, the amount of ground water storage is much greater than that of
lakes and rivers. However, it is not possible to extract the entire groundwater by

practicable means. It is interesting to note that the groundwater also is in a state of



continuous movement — flowing from regions of higher potential to lower. The rate of

movement, however, is exceptionally small compared to the surface water movement.

The following definitions may be useful:

Lakes: Large, naturally occurring inland body of water

Reservoirs: Artificial or natural inland body of water used to store water to meet
various demands.

Wet Lands: Natural or artificial areas of shallow water or saturated soils that

contain or could support water—loving plants.

4. Evapotranspiration

Evapotranspiration is actually the combination of two terms — evaporation and
transpiration. The first of these, that is, evaporation is the process of liquid converting
into vapour, through wind action and solar radiation and returning to the atmosphere.
Evaporation is the cause of loss of water from open bodies of water, such as lakes,
rivers, the oceans and the land surface. It is interesting to note that ocean evaporation
provides approximately 90 percent of the earth’s precipitation. However, living near an
ocean does not necessarily imply more rainfall as can be noted from the great
difference in the amount of rain received between the east and west coasts of India.

Transpiration is the process by which water molecules leaves the body of a living
plant and escapes to the atmosphere. The water is drawn up by the plant root system

and part of that is lost through the tissues of plant leaf (through the stomata). In areas of

abundant rainfall, transpiration is fairly constant with variations occurring primarily in the
length of each plants growing season. However, transpiration in dry areas varies greatly
with the root depth.

Evapotranspiration, therefore, includes all evaporation from water and land

surfaces, as well as transpiration from plants.

USES OF WATER

1 Water is required for domestic, agricultural, hydro-power, thermal power, navigation,
recreation, etc. Utilisation in all these diverse uses of water should be optimized and an
awareness of water as a scarce resource should be fostered.

2 The Centre, the States and the local bodies (governance institutions) must ensure
access to a minimum quantity of potable water for essential health and hygiene to all its

citizens, available within easy reach of the household.



3 Ecological needs of the river should be determined, through scientific study,
recognizing that the natural river flows are characterized by low or no flows, small floods
(freshets), large floods, etc., and should accommodate developmental needs. A portion
of river flows should be kept aside to meet ecological needs ensuring that the low and
high flow releases are proportional to the natural flow regime, including base flow
contribution in the low flow season through regulated ground water use.

4 Rivers and other water bodies should be considered for development for navigation
as far as possible and all multipurpose projects over water bodies should keep
navigation in mind right from the planning stage.

5 In the water rich eastern and north eastern regions the water use

infrastructure is weak and needs to be strengthened in the interest of food security.

6 Community should be sensitized and encouraged to adapt first to utilization of water
as per local availability of waters, before providing water through long distance transfer.

Community based water management should be institutionalized and strengthened.

ADAPTATION TO CLIMATE CHANGE

1 Climate change is likely to increase the variability of water resources affecting
human health and livelihoods. Therefore, special impetus should be given towards
mitigation at micro level by enhancing the capabilities of community to adopt climate

resilient technological options.

2 The anticipated increase in variability in availability of water because of climate
change should be dealt with by increasing water storage in its various forms, namely,
soil moisture, ponds, ground water, small and large reservoirs and their combination.
States should be incentivized to increase water storage capacity, which inter-alia should

include revival of traditional water harvesting structures and water bodies.

3 The adaptation strategies could also include better demand management,
particularly, through adoption of compatible agricultural strategies and cropping patterns
and improved water application methods, such as land leveling and/or drip / sprinkler
irrigation as they enhance the water use efficiency, as also, the capability for dealing
with increased variability because of climate change. Similarly, industrial processes

should be made more water efficient.



4 Stakeholder participation in land-soil-water management with scientific inputs from
local research and academic institutions for evolving different agricultural strategies,
reducing soil erosion and improving soil fertility should be promoted. The specific
problems of hilly areas like sudden run off, weak water holding capacity of soil, erosion
and sediment transport and recharging of hill slope aquifers should be adequately
addressed.

S5 Planning and management of water resources structures, such as, dams, flood
embankments, tidal embankments, etc., should incorporate coping strategies for
possible climate changes. The acceptability criteria in regard to new water resources

projects need to be re-worked in view of the likely climate changes.

. ENHANCING WATER AVAILABLE FOR USE

1 The availability of water resources and its use by various sectors in various basin
and States in the country need to be assessed scientifically and reviewed at periodic
intervals, say, every five years. The trends in water availability due to various factors
including climate change must be assessed and accounted for during water resources
planning.

2 The availability of water is limited but the demand of water is increasing rapidly due

to growing population, rapid urbanization, rapid industrialization and economic

development. Therefore, availability of water for utilization needs to be augmented to
meet increasing demands of water. Direct use of rainfall, desalination and avoidance of
inadvertent evapo-transpiration are the new additional strategies for augmenting
utilizable water resources.

3 There is a need to map the aquifers to know the quantum and quality of ground
water resources (replenishable as well as non-replenishable) in the country. This
process should be fully participatory involving local communities. This may be

periodically updated.

4 Declining ground water levels in over-exploited areas need to be arrested by
introducing improved technologies of water use, incentivizing efficient water use and
encouraging community based management of aquifers. In addition, where necessary,
artificial recharging projects should be undertaken so that extraction is less than the
recharge. This would allow the aquifers to provide base flows to the surface system,

and maintain ecology.



5 Inter-basin transfers are not merely for increasing production but also for meeting
basic human need and achieving equity and social justice. Inter-basin transfers of water
should be considered on the basis of merits of each case after evaluating the
environmental, economic and social impacts of such transfers.

6 Integrated Watershed development activities with groundwater perspectives need to
be taken in a comprehensive manner to increase soil moisture, reduce sediment yield

and increase overall land and water productivity.

DEMAND MANAGEMENT AND WATER USE EFFICIENCY

1 A system to evolve benchmarks for water uses for different purposes, i.e., water
footprints, and water auditing should be developed to promote and incentivize efficient
use of water. The ‘project’ and the ‘basin’ water use efficiencies need to be improved

through continuous water balance and water accounting studies. An institutional

arrangement for promotion, regulation and evolving mechanisms for efficient use of
water at basin/sub-basin level will be established for this purpose at the national level.

2 The project appraisal and environment impact assessment for water uses,
particularly for industrial projects, should, inter-alia, include the analysis of the water
footprints for the use.

3 Recycle and reuse of water, including return flows, should be the general norm.

4 Project financing should be structured to incentivize efficient & economic use of
water and facilitate early completion of ongoing projects.

5 Water saving in irrigation use is of paramount importance. Methods like aligning
cropping pattern with natural resource endowments, micro irrigation (drip, sprinkler,
efc.), automated irrigation operation, evaporation-transpiration reduction, etc., should be
encouraged and incentivized. Recycling of canal seepage water through conjunctive

ground water use may also be considered.

6 Use of very small local level irrigation through small bunds, field ponds, agricultural
and engineering methods and practices for watershed development, etc, need to be
encouraged. However, their externalities, both positive and negative, like reduction of

sediments and reduction of water availability, downstream, may be kept in view.



7 There should be concurrent mechanism involving users for monitoring if the water
use pattern is causing problems like unacceptable depletion or building up of ground
waters, salinity, alkalinity or similar quality problems, etc., with a view to planning

appropriate interventions.
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