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Vision of the Institute

Development of academically excellent, culturally vibrant, socially responsible and globally

competent human resources.
Mission of the Institute

To keep pace with advancements in knowledge and make the students competitive and capable

at the global level.

To create anenvironment for the students to acquire the right physical, intellectual, emotional and

moral foundations and shine as torchbearers oftomorrow's society.
To strive to attain ever-higher benchmarks of educational excellence.
Vision of the Department

To develop globally competent civil engineers who excel in academics, research and are

ethically responsible for the development of the society.

Mission of the Department

To provide quality education through faculty and state of the art infrastructure To identify current
problems in the society pertaining to Civil Engineering disciplines and to address them

effectively and efficiently

To inculcate the habit of research and entrepreneurship in our graduates to address current

infrastructureneedsofsociety
PEO’s
Graduates who complete their UG course through our institution will be,

PEO I- Engaged in professional practices, such as construction, environmental, geotechnical,
structural, transportation, or water resources engineering by using technical, communication and

management skills.



PEO 2- Engaged in higher studies and research activities in various Civil Engineering fields
and a life time commitment to learn ever changing technologies to satisfy increasing demand

of sustainable infrastructural facilities

PEO 3- Serve in a leadership position in any professional or community organization, or

local/state engineering board

PEO 4- Registered as a professional engineer or developed a strong ability leading to

professional licensure being an entrepreneur.

PROGRAM OUTCOMES

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

2. Problem analysis: Identify, formulate, research literature, and analyze complex engineering
problems reaching substantiated conclusions using first principles of mathematics, natural
sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis
of the information to provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering
activities with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant
to the professional engineering practice.

7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and
need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

9. Individual and team work: Function effectively as an individual, and as a member or leader
in diverse teams, and in multidisciplinary settings.



10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give
and receive clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member
and leader in a team, to manage projects and in multidisciplinary environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage
in independent and life-long learning in the broadest context of technological change.

PSO’s

PSO1: Provide the necessary infrastructure for all situations through competitive plans, maps

and designs with the aid of a thorough Engineering Survey and Quantity Estimation.

PSO 2: Assess the impact of anthropogenic activities leading to environmental imbalance on
land, in water & in air and provide necessary viable solutions revamping water resources and

transportation for a sustainable development.
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MODULE -1
WATER AND ITS IMPORTANCE

INTRODUCTION

Water is vital for life on Earth and is used for many purposes, including drinking, cooking,
bathing, and cleaning. It also helps with digestion, regulates body temperature, and removes
toxins from the body.

Water is one of the most important resources on the planet. Without water, life cannot exist.
Water has several unique characteristics that make it an extremely valuable resource. Some
such properties of water are listed below.

« Water is a very good solvent — it has the ability to dissolve many substances.

e The boiling point and freezing point of water make it easily available in all three
states (solid, liquid, and gaseous).

o The specific heat of water is quite high. This enables water to absorb and release heat
slowly, thereby regulating the temperature of its environment.

e Owing to its transparency, water can allow light to reach the life forms that are
submerged in it. This is crucial for the survival of plant life in the oceans, lakes, and

rivers.
e Water is neither acidic nor basic in nature. It has a pH of 7, making it a neutral
substance.
IMPORTANCE OF WATER

Water will be utilized for different activities like,

« Domestic Purposes include bathing, cleaning, cooking, drinking, and washing.
« Agricultural applications include irrigation, farming, gardening, and frost control.
e Other Industrial Applications.

Water is essential for life and plays a crucial role in the survival of all living organisms. Its
importance is vast and can be summarized in several key areas:

1. Supports Life:

Hydration: Water is vital for maintaining hydration, which is essential for the proper
functioning of cells, tissues, and organs.

Cell Function: Water makes up about 60% of the human body, and it helps in processes like
nutrient transport, waste removal, and temperature regulation.

2. Regulates Temperature:

Thermoregulation: Water helps to regulate body temperature through sweating and
evaporation. This keeps organisms from overheating in hot climates and helps maintain
internal balance.
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3. Facilitates Metabolism: Chemical Reactions: Water is a medium in which many
biochemical reactions take place, including digestion, energy production, and protein
synthesis.

4. Cleansing and Detoxification: Waste Removal: Water is critical in the excretion of waste
from the body, mainly through urine, but also through sweat and breathing. It helps to flush
out toxins from the body.

5. Transportation:

Blood Circulation: Water is a primary component of blood and helps in the transport of
nutrients, oxygen, and hormones to different parts of the body. Nutrient Absorption: It is
also essential for the absorption of nutrients in the digestive system.

6. Agriculture and Food Production: Crop Growth: Water is essential for the irrigation of
crops and supports food production globally. Without sufficient water, crops cannot grow,
leading to food shortages.

7. Ecosystem Balance: Habitats for Wildlife: Water bodies like rivers, lakes, and oceans
provide ecosystems for aquatic animals and plants, which are integral to biodiversity.

8. Industrial Use: Manufacturing: Water is a key component in various industrial
processes, from power generation to food production and textiles. Cooling: In many
industries, water is used for cooling machinery and preventing overheating.

9. Public Health:

Clean Drinking Water: Access to clean water is essential for preventing waterborne
diseases. It plays a crucial role in public health by ensuring safe hygiene and sanitation.

10. Climate and Weather: Hydrological Cycle: Water is a critical part of the Earth’s water
cycle, which helps distribute heat and moisture around the planet, influencing weather
patterns and climate.

DISTRIBUTION OF WATER ON EARTH

Water on Earth is distributed across various reservoirs, forming a delicate balance essential
for life. Oceans hold the majority, accounting for 97.2%, while glaciers store 2.1% of Earth's
water. Groundwater makes up 0.65%, and freshwater and saline lakes hold 0.017%. Soil
moisture accounts for 0.005%, and streams, wetlands, and swamps have 0.001%.
Approximately 97.5% of Earth's water is saline, leaving only 2.5% as freshwater. However,
much of this freshwater is trapped in glaciers. Understanding this distribution is crucial for
appreciating the significance of water in sustaining our planet's ecosystems and the
importance of preserving this precious resource for future generations. Earth's water reserves
are astounding, with approximately 326 million trillion gallons
(326,000,000,000,000,000,000 gallons) of water held on our planet. These vast quantities are
distributed among various sources, and the table below provides the percentage of water
found in each source as part of the global water distribution:
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Source

Oceans

Glaciers

Groundwater

Lakes

Soil Moisture

Streams, wetlands and swamps

otal

Gallons Percentage
31€,872,000,000,000,000,000 97.2%
&,546,000,000,000,000,000 21%
2,119,000,000,000,000,000 0.65%
55,420,000,000,000,000 0.017%
16,300,000,000,000,000 0.005%
3,260,000,000,000,000 0.001%
326,000,000,000,000,000,000 100%

MONSOON- TYPES AND BEHAVIOR IN INDIA

A monsoon is a seasonal pattern of dominant winds that exhibits a noticeable change in
direction, resulting in discrete periods of precipitation and drought in the impacted areas. The
word is most frequently connected to the heavy rainfall patterns accompanying the seasonal
reversal of winds in tropical and subtropical regions. The Southwest (summer) monsoon
and the Northeast (winter) monsoon are the two main monsoon kinds that affect India.
Every one of them is essential to the nation’s environment, agriculture, and climate.

i i Ao
Types of Monsoons in India

Summer
Monsoon

Indian Ocean -

Winter
Monsoon
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Himalayan Mountain
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1. Southwest Monsoon (June to September)

This is the primary monsoon in India and brings the majority of the annual rainfall. It is the
most important for agriculture and water resources in the country.

I.  Origin: The winds come from the southwest, driven by the differential heating of land
and ocean. The Indian Ocean and the Arabian Sea play a crucial role in gathering
moisture, which is then carried inland.

Il.  Behavior:

» It arrives in the southern part of the country (Kerala) in early June and gradually
moves northwards.

« By mid-July, it reaches the northern plains and the Himalayas, bringing heavy rainfall
to most of the country.

» The western coast (especially Kerala, Maharashtra, Gujarat) and the Himalayan
foothills receive the heaviest rainfall.

» Areas like Rajasthan, Punjab, and parts of Uttar Pradesh experience relatively
lesser rainfall.

I1l. Rainfall Distribution:

» The Western Ghats and the northeastern regions get intense rainfall (up to 5000 mm
in some areas), whereas the interior and northwestern parts of the country (like Rajasthan)
are relatively dry.

2. Northeast Monsoon (October to December)

This monsoon affects the southeastern coast of India, particularly Tamil Nadu, Andhra
Pradesh, and parts of Kerala.

I.  Origin: The winds come from the northeast, influenced by the retreating southwest
monsoon and the shifting of the Inter-Tropical Convergence Zone (ITCZ).
Il. Behavior:

* The northeast monsoon is not as intense or widespread as the southwest monsoon.

» It is primarily confined to the southeastern coastal areas of India. It typically starts
around October and continues into December.

I11. Rainfall Distribution:

» Tamil Nadu, Andhra Pradesh, and parts of Kerala receive substantial rainfall.

» The rest of the country, especially the central and northern regions, experience
relatively dry conditions during this period.
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MONSOON BEHAVIOUR IN INDIA

The monsoon in India is characterized by a seasonal shift in winds, bringing heavy rainfall
primarily between June and September, with the "Southwest Monsoon" dominating during
this period, followed by a weaker "Northeast Monsoon™ from October to December; this
pattern is heavily influenced by geographical factors like the Himalayas, Thar Desert, and
Indian Ocean, leading to varied rainfall across different regions, with coastal areas and the
Western Ghats receiving the most precipitation.

e Two distinct phases:

The Southwest Monsoon (June-September) brings the majority of the rain, while the
Northeast Monsoon (October-December) affects primarily the southeastern parts of the
country.

e Wind direction change:

During the summer, moist winds blow from the southwest over the Indian Ocean towards
the Indian subcontinent, causing heavy rainfall.

e Regional variations:

Rainfall distribution is uneven, with coastal areas and the Western Ghats experiencing
significantly more rain compared to interior regions.

e Impact on agriculture:

The monsoon is critical for Indian agriculture, with most crops relying on this seasonal
rainfall.

« Climate change concerns:

Recent studies indicate potential changes in monsoon patterns due to climate change,
including erratic rainfall, increased intensity of storms, and potential shifts in the monsoon
onset and withdrawal dates.

CHARACTERISTICS OF MANSOON

1.  Monsoons in India have both wet and dry spells. These spells differ in terms of
frequency, duration, and intensity.

2. It has the phenomenon of “break” in rainfalls within the Indian subcontinent. These
“breaks” are influenced by the movement of the trough of the monsoon season.

3. The precipitation rate in the Ladakh and west Rajasthan region is less than 10 cm.
The precipitation rate in the Meghalaya region is more than 400 cm. This shows the
precipitation rate from the eastern to the western regions of the country.

4.  The departure of the monsoon season is rapid in the southern part of the peninsula.
5. The retreating process of the monsoon is quite gradual in the Indian subcontinent.

FACTORS AFFECTING MANSOON

The monsoon climate arises from the shifting patterns of pressure and wind belts. Indian
monsoon has its origin, and its mechanisms are related to the following factors:
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» ITCZ (Inter-Tropical Convergence Zone)
» Tibetan Plateau

» Jet Streams

« Somali Jet

INTER-TROPICAL CONVERGENCE ZONE (ITCZ)

. The Inter-Tropical Convergence Zone (ITCZ), also called the Equatorial
convergence zone, is a low-pressure belt of converging trade winds and rising air that
encircles the Earth near the Equator.

. The ITCZ shifts north and south seasonally with the Sun. Over the Indian Ocean,
it undergoes especially large seasonal shifts of 40°—45° of latitude.

. In June, the ITCZ moves poleward towards the Tropic of Cancer. However, it extends
North over India (as far as 30° N) northwards of the Himalayan Mountains.

1
EARTH'S INTERTROPICAL CONVERGENCE ZONE (ITCZ)
January position July position
Arctic Circle
60N
NORTH EUROPE ASIA
AMERICA
30°N - ATLANTIC
Tropic of Cancer OCEAN
PACIFIC AFRICA PACIFIC
OCEAN OCEAN
e —W
Tropic of Capricorn 3 INDIAN
- ATLANTIC OCEAN AUSTRALIA
SOUTH OCEAN
AMERICA
60°S
AntarcticCircle SOUTHERN OCEAN
ANTARCTICA
150" W 1200W 90" W 60" W 30w 0 30°E 60"E 90°E 120°E 150"E
Sources: Hai Cheng et al., "The Global Paleomonsoon As Seen Through Speleothem Records
from Asia and the Americas," Climate Dynamics, 39:1045-62 (2012); and Bernhard Paul Wagner et al.,
"Neolithisation of the Aegean and Southeast Europe During the 6600-6000 calBC Period of Rapid
Climate Change," Documenta Praehistorica, 41:1-31 (2014). © Encyclopaedia Britannica, Inc.

TIBETAN PLATEAU

The Tibetan Plateau affects the monsoon in two ways:
» As a mechanical barrier, and
* As ahigh-level heat source.

The Tibetan Plateau, along with the Himalayas, is an enormous block of highland that acts as
a formidable barrier and a heat source. In summer, Tibet’s air is 2°C to 3°C warmer than the
air over the adjoining regions, hence the heat source.
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JET STREAM

Jet streams are narrow, strong wind bands that generally blow from west to east across the
globe. They are found at heights ranging from 11 to 13 km above the surface of the Earth. In
the Northern Hemisphere, the mean position of the jet stream ranges from 20°N to 50°N
latitude, while the polar jet stream is found between 30° and 70°N latitude. These streams are
driven by substantial temperature differences between adjacent air masses.

Polar jet stream

Subtropical
jet stream

Tropical air

SOMALI JET

Apart from polar and subtropical jet streams, which are permanent jet streams, there are some
temporary jet streams. Temporary jet streams are narrow winds with speeds of more than 94
kph in the upper, middle, and sometimes lower troposphere. Two important ones are the
Somali Jet and the African Easterly Jet or Tropical Easterly Jet, which play an essential role
in the formation and progression of Indian Monsoons. The Somalian current changes its flow
direction due to upwelling and downwelling on the eastern coast of Africa.
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MANSOON LOW

A "monsoon low" refers to a low-pressure system that forms during the monsoon season,
acting as the primary rain-bearing system, drawing in moisture-laden winds and causing
significant rainfall across the affected region, particularly in South Asia; essentially, it is the
key driver of the monsoon itself, contributing to a large portion of the total monsoon
precipitation.

e Formation and location:

These lows typically form over the warm waters of the Indian Ocean, often over the Bay of
Bengal, and then move northwestward across the Indian subcontinent.

e Impact on rainfall:

As the low-pressure system moves, it draws in moist air, causing it to rise and condense,
leading to heavy rainfall.

« Intensity variations:

Monsoon lows can vary in strength, with weaker ones called "monsoon lows™ and stronger
ones classified as "monsoon depressions,” which can bring even more intense rainfall and
potential flooding.

e Role in weather patterns:
The movement and intensity of monsoon lows significantly influence the distribution of
rainfall across a region, determining where the heaviest precipitation occurs.

How it influences the monsoon:

« Moisture transport:
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The low-pressure system acts as a conduit, pulling in moist air from the ocean towards
the landmass, facilitating the monsoon circulation.

o Convective uplift:

As the moist air reaches the low-pressure area, it rises rapidly, leading to cloud
formation and heavy precipitation.

o Seasonal variation:
The location and intensity of monsoon lows change throughout the monsoon season,
impacting the timing and amount of rainfall in different regions.

RAINFALL — CHARACTERISTICS AND DISTRIBUTION

Rainfall in India varies significantly across different regions, influenced by several factors
such as geography, altitude, distance from the sea, and wind patterns.

CHARACTERISTICS OF RAINFALL IN INDIA

1. SEASONAL VARIATIONS:

* Monsoon Rainfall: The most significant rainfall in India occurs during the
Southwest Monsoon (June to September). This is the primary rainy season,
contributing around 75-90% of India’s annual rainfall.

* Northeast Monsoon (October to December): This brings additional rainfall to the
southeastern coastal regions, though it is less intense and widespread than the
southwest monsoon.

* Winter Rainfall: During the winter months (December to February), rainfall is
generally low, except in the northwest (Rajasthan and Punjab) where western
disturbances bring light rain and snow.

* Summer Showers: Short, localized rainfall often occurs during the pre-monsoon
season (March to May) due to intense heat, creating conditions for thunderstorm and
convective rain.

2. INTENSITY AND DURATION:

» Heavy Rainfall: Some regions, like the Western Ghats and Northeastern India, receive
heavy rainfall due to their proximity to the coast and orographic factors (rainfall
caused by the windward side of mountains).

« Light Rainfall: Interior areas, especially in the northwest (Rajasthan), tend to
experience lighter, more sporadic rainfall.

3. Irregular Distribution: Rainfall in India is highly uneven in both space and time, meaning
some areas may receive abundant rainfall, while others may face severe droughts or irregular
rainfall patterns.
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DISTRIBUTION OF RAINFALL IN INDIA
1. Areas Receiving Heavy Rainfall:

» Western Ghats (Kerala, Karnataka, Goa, Maharashtra): The windward slopes of the
Western Ghats receive extremely heavy rainfall due to the southwest monsoon winds.
Some places, like Mawsynram in Meghalaya, are among the wettest on Earth, with annual
rainfall exceeding 11,000 mm.

* Northeastern India (Assam, Arunachal Pradesh, Nagaland, Meghalaya): This region,
especially Cherrapunji and Mawsynram, receives very heavy rainfall during the monsoon
due to the orographic effect.

* Coastal Areas (Konkan coast, parts of Odisha, and West Bengal): These areas experience
consistent rainfall from the southwest monsoon.

2. Areas Receiving Moderate Rainfall:

* Himalayan Foothills: Regions like Uttarakhand and Himachal Pradesh receive
moderate rainfall due to the southwest monsoon and winter western disturbances.

 Eastern India (West Bengal, Jharkhand, Bihar): These areas receive moderate rainfall
during the monsoon season but not as heavy as the coastal regions or the Ghats.

3. Areas Receiving Light to Very Light Rainfall:

*  Northwestern India (Rajasthan, Punjab, Haryana, Delhi): The northwest is arid and
semi-arid, with regions like Rajasthan receiving little rainfall (less than 250 mm
annually). The Thar Desert is a prime example of a very dry area.

» Deccan Plateau (Maharashtra, Telangana, Karnataka): While these areas do receive
monsoon rains, they often experience a rain-shadow effect, especially in the interior
regions, which causes them to receive less rainfall compared to the coastal areas.

4. Rainshadow Zones:

» The rain-shadow effect occurs when mountains block the monsoon winds, causing
one side (windward) to receive heavy rainfall and the other side (leeward) to remain
dry. For example:

» Leeward side of the Western Ghats (parts of Maharashtra, Karnataka, and Goa)
receives much less rainfall compared to the windward side.

» Leeward side of the Eastern Ghats also experiences reduced rainfall.

ANNUAL RAINFALL PATTERNS IN KEY REGIONS

» Wettest Regions: The Mawsynram and Cherrapunji areas in the northeastern states of
Meghalaya receive the heaviest rainfall in India and the world, averaging over 11,000
mm annually.

* Moderately Wet Regions: The Western Ghats, parts of Kerala, Coastal Karnataka,
and West Bengal receive annual rainfall ranging between 2,000 to 3,000 mm.

* Moderately Dry Regions: Areas like Uttarakhand, Himachal Pradesh, and Eastern
Uttar Pradesh typically receive 800 to 1,500 mm of rainfall annually.
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* Dry Regions: The Thar Desert, Rajasthan, Delhi, and parts of Gujarat experience
annual rainfall of less than 500 mm, making them arid and drought-prone.

FACTORS INFLUENCING RAINFALL DISTRIBUTION

O Latitude: The amount of sunlight and temperature variation affects the type of rainfall
(convectional, orographic, or cyclonic) and its distribution across the country.

1. Topography: The Western Ghats, Himalayas, and Eastern Ghats create varied
rainfall patterns due to the orographic effect, leading to heavy rainfall on the windward side
and dry conditions on the leeward side.

2. Monsoon Winds: The southwest monsoon brings the majority of the rainfall, but the
intensity and duration vary depending on geographical features.

3. Proximity to Water Bodies: Coastal regions like Kerala, Coastal Karnataka, and
Odisha experience heavy rainfall due to their proximity to the Arabian Sea and Bay of
Bengal.

ONSET AND WITHDRAWAL OF MANSOON

% The duration of monsoon is between 100 to 120 days from early June to mid-
September.

% The monsoon arrives at the southern tip of the Indian peninsula by the first week of
June.

% It divides into two — Arabian sea branch and Bay of Bengal branch.

% The Bay of Bengal branch and Arabian sea branch merges over the north western
part of the ganga plains.

In India, the "onset" of effective rains, referring to the beginning of the monsoon season,
typically occurs around early June in Kerala, gradually progressing across the country,
while the "withdrawal" of the monsoon starts in early September from the northwest and fully
retreats from most parts of India by mid-October, with the southern peninsula experiencing
withdrawal slightly later; the entire process is considered the "southwest monsoon.

Onset:

» Usually begins in Kerala around the first week of June.

* Marked by the arrival of the southwest monsoon winds carrying moisture from the
Arabian Sea.

* Progresses northwards across the country.
Withdrawal:

« Starts in early September from the northwest Indian states.
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Gradually retreats across the country, with the southern peninsula being the last to see
withdrawal.

Considered complete when the majority of the country experiences a cessation of
rainfall for a sustained period.

Factors influencing the onset and withdrawal,

Wind patterns: The direction and strength of the monsoon winds play a crucial role.

Ocean temperatures: Sea surface temperatures in the Arabian Sea influence the
monsoon activity.

Topography: Mountain ranges like the Himalayas affect the movement of monsoon
clouds.

The key indicators used to identify the withdrawal of monsoon rains are:

The withdrawal of monsoon rains is an important phase in the monsoon cycle, and several
key indicators are used to identify its onset. These include:

1.

Decrease in Rainfall: A significant reduction in the intensity and frequency of
rainfall, marking the end of the monsoon season. The rainfall gradually becomes
erratic and confined to smaller areas.

Change in Wind Pattern: The monsoon winds shift from the south-western direction
to the north-east, signalling the retreat of moisture-laden winds and the end of the
rainy season.

Temperature Increase: With the monsoon retreat, temperatures rise across the
region as the cloud cover diminishes and more sunlight reaches the ground.

Dew Point Decrease: The relative humidity begins to drop, leading to a decrease in
the dew point, as there is less moisture in the atmosphere.

Pressure Systems: The formation of high-pressure systems in the northern regions
and low-pressure systems weakening is a typical sign of the withdrawal of the
monsoon.

End of Continuous Rain Days: Continuous heavy or moderate rainfall is replaced by
occasional light showers or dry spells.

DRY SPELLS AND WET SPELLS

Dry spell:

A consecutive period of time with significantly below average precipitation, resulting in dry
soil conditions and potential water scarcity. A *'dry spell’* during monsoon refers to a period
of several consecutive days with little to no rainfall within the monsoon season, while a "wet
spell™ is a period of continuous rainy days, essentially breaks in the rain pattern where the
monsoon activity temporarily weakens or strengthens, respectively. A 'dry day" is usually
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defined as a day with less than a certain amount of rainfall (like 2.5mm), and a "wet day" is a
day with significant rainfall, with consecutive dry or wet days forming spells.

Causes:

» These fluctuations are often caused by changes in atmospheric conditions like wind
patterns, moisture availability, and movement of weather systems, which can lead to
periods of intense rain followed by dry spells.

Impact:

» Dry spells can significantly affect agriculture, as crops require consistent moisture
during the monsoon season.

Monitoring:

» Meteorological departments monitor these spells using weather data to provide
forecasts and warnings about potential dry or wet periods.

Wet spell:

A consecutive period of time with significantly above average precipitation, potentially
leading to flooding and waterlogging. A "wet spell” during monsoon refers to a period of
consecutive days with significant rainfall, while a "dry spell” is a period of consecutive days
with little to no rain, essentially a break in the monsoon pattern, occurring within the overall
monsoon season; essentially, a wet spell is when it rains consistently, and a dry spell is when
there is a temporary pause in rain during the monsoon period. A wet spell is defined as a
sequence of days with precipitation exceeding a certain threshold, while a dry spell is a
sequence of days with minimal to no precipitation.

Impact on agriculture:

* Dry spells can negatively impact crop growth due to lack of water, while wet spells
can provide necessary moisture for plants.

Terminology:

» Sometimes, "active monsoon” is used to describe a wet spell and "break monsoon"
refers to a dry spell.

Key factors influencing dry and wet spells:
* Climate patterns:
* Monsoon systems
» El Nifio Southern Oscillation (ENSO)
« Atmospheric circulation patterns
« Topography:
* Mountain ranges
» Slope and aspect
Impacts of dry and wet spells:
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» Agriculture:
* Crop yield fluctuations
* lrrigation demands
+ Soil erosion
* Water resources:
* Reservoir levels
» Groundwater depletion
» Drinking water availability
» Ecology:
* Plant and animal distribution
» Ecosystem health
ANALYZING DRY AND WET SPELLS
+ Rainfall data:
» Daily precipitation records
» Thresholds for defining dry/wet days
+ Statistical methods:
» Calculation of spell duration
* Frequency analysis
« Trend analysis
MITIGATION STRATEGIES
* Water conservation practices:
« Efficient irrigation systems
* Rainwater harvesting
« Land management:
* Reforestation
» Contour farming
» Early warning systems:
* Monitoring weather patterns
» Drought/flood preparedness plans

CRITICAL DRY SPELLS
A critical dry spell is a prolonged period of dry weather that exceeds a certain threshold and
can lead to water shortages, crop failures, and other problems.

* Dry spells can lead to water shortages

» Dry spells can increase the risk of agricultural losses

* Dry spells can increase the risk of wildfires
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Dry spells can lead to lower river flows
Dry spells can increase the risk of drought

WATER LOSS FROM SOIL
Water loss from soil can occur through evaporation, infiltration, and transpiration.

U Evaporation:

Water loss from soil surfaces occurs when the water vapor concentration in the soil is
higher than the atmosphere above it.

Evaporation from soil surfaces is a major source of water loss from vegetated soil
before canopy closure.

Infiltration: Infiltration is when water becomes unavailable to plants.

Transpiration:
Transpiration is the evaporation of water from plants through their leaves and stems.

Transpiration depends on temperature, humidity, soil moisture availability, and the
type of plant.

Soil erosion:

Soil erosion is when soil particles are detached and become available for erosion by
wind, water, or ice.

The Universal Soil Loss Equation is used to predict soil loss by water erosion from a
specific land slope within a field.

Soil quality:

Soil quality can be affected by erosion, compaction, loss of soil structure, nutrient
degradation, and soil salinity.
irrigation

transpiration

rainfall

rise

FACTORS AFFECTING WATER LOSS FROM THE SOIL
O Soil texture: Sandy soils with larger pore spaces lose water faster than clayey soils

due to their higher infiltration rate and less water holding capacity.
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Soil organic matter: Higher organic matter content increases the soil's water holding
capacity, leading to slower water loss.

Temperature: Higher temperatures increase evaporation from the soil surface,
leading to greater water loss.

Relative humidity: Low relative humidity creates a larger vapor pressure gradient,
causing faster water evaporation from the soil.

Wind speed: Wind removes the saturated air layer near the soil surface, facilitating
faster evaporation.

Vegetation cover: Dense plant cover reduces water loss through interception of
rainfall and reduced evaporation from the soil surface.

Slope: Steeper slopes tend to have faster runoff, leading to less water infiltration and
higher surface water loss.

Rainfall intensity: High intensity rainfall can lead to increased surface runoff,
reducing water infiltration into the soil.

Plant characteristics:

Root depth: Deep roots can access water from deeper soil layers, reducing water loss
from the surface.

Stomatal behavior: Stomata opening and closing on plant leaves directly affect the
rate of transpiration, impacting overall water loss.

MEASUREMENT OF WATER LOSS FROM THE SOIL

Water loss from soil can be measured using gravimetric methods, tensiometric methods, and
electrical resistance blocks. It can also be estimated using the water balance equation, energy
balance equation, or empirical formulas.

U Gravimetric method:

The gravimetric method for measuring water loss from soil involves taking a soil sample,
weighing it while wet, then drying it in an oven at a constant temperature (usually 105°C)
until all the water is removed, and finally reweighing the dry sample; the difference in weight
represents the mass of water lost, which is then calculated as a percentage of the dry soil mass
to determine the soil moisture content.
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Different types of soil sampling auger
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U Tensiometric method:

The tensiometric method measures water loss from soil by directly measuring the soil water
tension, or the force required for a plant to extract water from the soil, using a device called a
tensiometer, which essentially acts like an artificial root, with a porous ceramic tip that allows
water to move in and out depending on the soil's moisture level, thus indicating the amount of
water lost as the soil dries out; this is commonly used in agriculture to determine optimal
irrigation timing.

Tensiometers measure soil tension
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I_.-ﬂ' 'j Wates liss
I
X
Tk ——|

Ceramic :up---ﬂ I

O Electrical resistance blocks

The electrical resistance block method measures water loss from soil by utilizing a small block
made of a porous material like gypsum, which has electrodes embedded within it; as the soil
moisture changes, the electrical resistance between these electrodes varies, allowing for
indirect measurement of the soil's water content - essentially, the drier the soil, the higher the
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electrical resistance, and vice versa; this block is buried in the soil and connected to a meter to
read the resistance, providing an indication of the soil moisture level at that depth.

Resistance meter

Electrodes

Gypsum blocks

HYDROLOGICAL CYCLE

The hydrological cycle, also known as the water cycle, is the process of water moving
between the atmosphere, land, and oceans. It's driven by solar energy. The hydrologic cycle
involves the continuous circulation of water in the Earth-Atmosphere system. At its core, the
water cycle is the motion of the water from the ground to the atmosphere and back again. The
seven steps of the hydrologic cycle are evaporation, condensation, precipitation, infiltration,
transpiration, runoff, and interception.

Condensation
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SEVEN STEPS OF HYDROLOGICAL CYCLE
U Evaporation
= The sun heats up water in lakes, rivers, and oceans, causing it to evaporate into the air
= Plants and trees also lose water through their leaves
O Condensation
= Water vapor in the atmosphere turns into liquid, forming clouds or dew
U Precipitation

= Water returns to the Earth's surface as rain or snow. This happens when clouds can't
hold water anymore or due to temperature changes.

Q Infiltration

= Water on the ground enters the soil

= The rate at which water transfers depends on the soil's porosity and permeability
U Transpiration

= Water moves through a plant and evaporates from its leaves, stems, and flowers
O Runoff

= When there is more water than the land can absorb, the excess water runs off

U Interception

= Precipitation is caught by leaves, stems, and other above-ground parts of plants
= This water often evaporates back into the atmosphere

IMPLICATIONS OF WATER CYCLE

The water cycle has a tremendous impact on the climate. For instance, the greenhouse effect
will cause a rise in temperature. Without the evaporative cooling effect of the water cycle, the
temperature on earth would rise drastically. The water cycle is also an integral part of other
biogeochemical cycles. Water cycle affects all life processes on earth. The water cycle is also
known the clean the air. For instance, during the process of precipitation, water vapours have
to attach themselves on to particles of dust. In polluted cities, the raindrops, apart from
picking up dust, also pick up water-soluble gas and pollutants as they fall from the clouds.
Raindrops are also known to pick up biological agents such as bacteria and industrial soot
particles and smoke.

Hydrologic cycle considers the motion, loss, and recharge of the earth’s water. It connects the
atmosphere and two storages of the earth systems: the oceans, and the land sphere
(Lithosphere and pedosphere). The water evaporated from the earth and the oceans enters
enters the atmosphere. Water leaves the atmosphere through the precipitation. The ocean
receives the water from the atmosphere through precipitation. Water goes out of the oceans
through the evaporation.
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The hydrological cycle, also known as the water cycle, is crucial for maintaining life on Earth
because it continuously replenishes freshwater sources by circulating water through the
atmosphere, land, and oceans, ensuring a readily available supply of water for all living
organisms, including humans, plants, and animals; without this cycle, we would run out of
clean water essential for survival.

IMPORTANCE OF HYDROLOGICAL CYCLE:

o It enables the availability of water for all living organisms and regulates weather
patterns on our planet.
o As water undergoes infiltration, the ground purifies it of pollutants and contaminants.
o The water cycle continually feeds freshwater to all life on the planet.
o Rainfall and surface runoff play important roles in the cycling of various elements,
also known as the biogeochemical cycle.
o The water cycle is powered by solar energy, and 86% of the global evaporation occurs
from the oceans, reducing their temperature by evaporative cooling.
IMPORTANCE & ISSUES RELATING WATER STATUS SCENARIO OF WATER
IN KARNATAKA

Karnataka, a state in southern India, faces significant challenges regarding its water
resources. It has a diverse climate, with areas receiving heavy rainfall, while others face
prolonged dry spells. Water availability is a critical issue in the state, primarily due to the
increasing population, urbanization, industrialization, and climate change.

WATER SOURCES IN KARNATAKA
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1. Rivers:

» Karnataka is home to several major rivers, including the Krishna, Kaveri,
Tungabhadra, and Godavari. These rivers are the primary sources of surface water
for agriculture, drinking, and industrial purposes.

» Cauvery is particularly vital as it is shared with Tamil Nadu, making inter-state water
disputes a significant issue. The Krishna and Tungabhadra rivers are also heavily
utilized for irrigation.

2. Groundwater:

« Groundwater is an essential source of water, especially in areas where surface water is
scarce. However, the over-exploitation of groundwater, especially in urban and
agricultural regions, has led to depletion and contamination issues.

» Areas like Bagalkot, Belagavi, and Bijapur heavily rely on groundwater for drinking
and irrigation.

3. Reservoirs and Dams:

» The state has several large reservoirs and dams, including Krishna Raja Sagara
(KRS), Almatti, Linganamakki, and Tungabhadra. These are crucial for irrigation
and power generation.

* However, their capacity and effectiveness are limited, particularly during periods of
insufficient rainfall or drought.

4. Rainwater:

+ Karnataka receives a significant amount of rainfall during the monsoon season,
especially in the western part of the state. Yet, rainfall distribution is uneven, which
leads to water scarcity in certain regions during dry periods.

KEY WATER ISSUES IN KARNATAKA
1. Water Scarcity:
» Several regions in Karnataka, particularly in the north and central parts, face periodic
water scarcity due to irregular rainfall patterns, over-exploitation of groundwater, and

decreasing groundwater tables. Urban areas like Bengaluru face rising water demand
but have limited sustainable sources.

2. Inter-state Water Disputes:

» Karnataka shares several rivers, most notably the Cauvery River with Tamil Nadu.
The Cauvery Water Dispute has been ongoing for decades, with conflicts arising over
the allocation of water. The dispute reached the Supreme Court, and while it has
resulted in judgments, implementation and political tensions persist. Other rivers,
such as the Krishna and Mahadayi, also lead to disputes with neighboring states.

3. Water Quality Issues:
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» Industrial pollution, agricultural runoff (especially pesticides and fertilizers), and
untreated sewage in rivers and groundwater have significantly impacted water quality.

» In Bengaluru, lakes like Bellandur Lake and Varthur Lake have suffered from high
levels of pollution, affecting drinking water and ecosystems.

4. Over-exploitation of Groundwater:

» The excessive extraction of groundwater, particularly in areas relying on agriculture,
has caused depletion of aquifers and deterioration in water quality. This is especially
prevalent in districts like Chitradurga, Tumakuru, and Kolar.

* Over-reliance on bore wells and pumps for irrigation and drinking water has made the
state vulnerable to droughts.

5. Climate Change:

* Unpredictable rainfall patterns and shifting climate zones have made water
management more difficult. The state has experienced both floods (in some years) and
severe droughts (in others).

* The effect of changing weather patterns on the flow of rivers, reservoirs, and
groundwater recharge is not fully predictable.

6. Water Management and Infrastructure Issues:

* Although Karnataka has a network of reservoirs, dams, and canals, the distribution of
water remains inefficient. Water losses through leaky pipelines, underutilization of
water resources, and poor infrastructure maintenance exacerbate the issue.

* Urbanization, especially in Bengaluru, has led to increased water demand and
inefficient water supply systems.

7. Agriculture-Related Water Use:

» Agriculture is the largest consumer of water in Karnataka, particularly in the dryland
regions. The widespread use of water-intensive crops (like paddy) and inefficient
irrigation techniques leads to wastage of water.

» There is a need for better water management in the agricultural sector, including the
promotion of water-efficient crops and technologies like drip irrigation.

Water issues in Karnataka are multifaceted, involving scarcity, quality concerns, disputes,
and management inefficiencies. Addressing these issues requires a multi-pronged approach,
including:

» Sustainable water management practices

« Efficient agricultural water use

* Improved infrastructure

» Enhanced cooperation between states on shared river resources
» Comprehensive policies on water conservation and distribution

GEOGRAPHICAL DISTRIBUTION OF WATER
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O Southern Karnataka: This region has relatively better access to water, with abundant
rainfall and rivers like the Kaveri, which serve Bengaluru and surrounding areas. It has more
significant groundwater resources and better irrigation systems.

O Northern Karnataka: This region is more arid, with less reliable rainfall, leading to
higher dependence on groundwater. The Krishna and its tributaries, however, still provide
crucial water resources for irrigation.

U Coastal Karnataka: The western coastal belt receives heavy rainfall due to the Western
Ghats and is thus water-rich, with rivers like Netravati and Sharavati flowing through this
area. However, water distribution and accessibility can be an issue in some places due to hilly
terrain.

U Malnad Region: Located in the Western Ghats, this region receives substantial rainfall
and has several rivers, but the challenge is managing water distribution and ensuring it
reaches the drier regions.

BENGALURU BEARING THE BRUNT
OF WATER SCARCITY
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Consequences of reduced surface water flow on aquatic ecosystems and biodiversity:

Reduced surface water flow significantly impacts aquatic ecosystems by altering habitat
availability, disrupting food chains, reducing oxygen levels, increasing water temperatures,
and ultimately leading to declines in biodiversity, with potential consequences like species
displacement, population crashes, and even local extinctions, particularly for species reliant
on flowing water for their life cycles.

Impacts of reduced surface water flow:

« Habitat loss:
Lower flow rates can drastically shrink the available aquatic habitat, particularly for fish
species that require specific water depths and current speeds for spawning, feeding, and

shelter, causing them to become concentrated in smaller areas and increasing competition
for resources.

¢ Sedimentation:
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With less water to carry sediment, particles can settle out, accumulating on the riverbed
and altering the substrate composition, impacting organisms that depend on specific
bottom textures for habitat.

« Oxygen depletion:

Reduced flow can lead to lower dissolved oxygen levels in the water, as there is less
water movement to aerate it, which can stress and kill aquatic organisms, particularly
fish, that require high oxygen concentrations.

o Temperature fluctuations:

Lower flow can lead to increased water temperatures, as there is less water to absorb heat,
which can further stress aquatic organisms and disrupt their physiological processes.

o Disrupted food webs:

Changes in habitat and species composition due to reduced flow can disrupt the food web,
impacting the entire ecosystem from primary producers to top predators.

e Impact on migratory species:

Reduced flow can disrupt the migration patterns of fish species that rely on specific water
conditions to travel between spawning grounds and feeding areas.

 Increased vulnerability to pollutants:
With less water volume, pollutants become more concentrated, further impacting aquatic
life.

Examples of affected organisms:
e Fish:

Many fish species require specific flow rates for spawning and development, so reduced

flow can significantly impact their populations.
e Invertebrates:

Aquatic insects, such as mayflies and stoneflies, that rely on flowing water for their life
cycles can be particularly affected by reduced flow.

e Macrophytes:
Plants that anchor themselves to the riverbed can be impacted by increased

sedimentation and changes in water velocity.

MITIGATION STRATEGIES:
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o Water conservation practices:

Implementing strategies to reduce water usage in various sectors can help maintain river

flow.
e River restoration projects:

Efforts to restore natural river channels and riparian vegetation can improve habitat

conditions for aquatic organisms.
o Flow regulation:

Managing dam releases to maintain more consistent water flow can mitigate the negative

impacts of reduced river flow.

e Monitoring and assessment:
Regular monitoring of water quality and aquatic populations can help identify areas of

concern and guide conservation efforts.

CASE STUDIES OF WATER SCARCITY IN INDIA:

1. Chennai Water Crisis (2019): Chennai, the capital of Tamil Nadu, faced a severe water
crisis in 2019. The city’s main reservoirs were almost dry, leading to severe shortages for
drinking water, agriculture, and industry. The primary reasons for this crisis included over-
extraction of groundwater, reduced rainfall due to changing climate patterns, and poor
management of water resources. As a result, the city had to rely on water tankers and water
from nearby areas. The crisis highlighted the need for better water conservation measures and
sustainable practices.

Solutions attempted:

» Desalination plants were set up as an alternative water source.

« Efforts to rejuvenate and protect water bodies and increase rainwater harvesting were
also introduced.

2. Marathwada Region, Maharashtra: Marathwada, an agrarian region in Maharashtra, has
faced recurring droughts due to erratic monsoons and over-reliance on groundwater for
irrigation. This has resulted in crop failures, livelihood losses, and a large number of farmer
suicides. The depletion of groundwater resources in Marathwada has led to severe water
shortages, forcing farmers to abandon their lands or migrate.

Solutions attempted:

* Revival of traditional water harvesting structures like "zails" and "bhandaras."
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* Introduction of micro-irrigation systems (drip irrigation) to conserve water.

« Promotion of crop diversification to reduce the dependency on water-intensive crops
like sugarcane.

3. Bundelkhand Region (Uttar Pradesh and Madhya Pradesh): Bundelkhand, located in
the central part of India, has been facing water scarcity for years. The region is prone to
droughts, and inadequate rainfall has led to poor agricultural yields, loss of livelihoods, and
migration. The over-extraction of groundwater, deforestation, and poor management of water
resources have aggravated the situation.

Solutions attempted:

* The government and NGOs have initiated the construction of check dams, ponds, and
water conservation structures to recharge groundwater levels.

« Community-based efforts, like the "Jalabhishek" and "Jal Shakti Abhiyan,” focus on
water conservation and management.

4. Rajasthan (Desertification and Water Scarcity): Rajasthan, the largest state in India, is
home to the Thar Desert, where water scarcity has been a longstanding issue. The region is
extremely arid, with little rainfall and high temperatures. Over-extraction of groundwater,
limited surface water sources, and rapid urbanization have exacerbated water scarcity.

Solutions attempted:

« Traditional rainwater harvesting methods, such as "kunds" (step wells), have been
revived in some parts of the state.

» Efforts to develop water-efficient agricultural practices, such as drip irrigation, have
been implemented to reduce water consumption.

» The introduction of solar-powered water pumps for irrigation has helped in reducing
dependency on electricity and groundwater.

5. The Ganga River and Pollution: The Ganga, one of the most important rivers in India,
faces significant pollution and water scarcity due to industrial discharge, untreated sewage,
and religious offerings. Despite being a lifeline for millions, the river’s water quality has
deteriorated, leading to problems in drinking water availability and public health.

Solutions attempted:

« The National Mission for Clean Ganga (NMCG) was launched to clean the river and
rejuvenate its ecosystem.

« Efforts have been made to treat wastewater before it is discharged into the river, and
the construction of sewage treatment plants is underway.
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* A "Namami Gange" program has been initiated to tackle pollution, increase
afforestation, and promote the restoration of river ecosystems.

INFLUENCE OF HUMAN ACTIVITY ON THE WATER CYCLE

The water cycle is how water moves continuously between the earth and the atmosphere. It
consists of precipitation, condensation, and evaporation. Humans impact the water cycle in
several different ways — directly and indirectly. Humans directly change the dynamics of the
water cycle through direct manipulation. This includes building dams for water storage and
withdrawing water from lakes and rivers for industrial, agricultural, or domestic purposes.

Hydroelectricity

» Hydroelectricity involves changing the stored gravitational energy of water behind a
dam into electrical power for everyday use.

» Hydroelectricity was initially considered an excellent solution for renewable energy
as it is non-polluting; however, it does affect the water cycle.

» The mere act of damming rivers impacts how the water flow functions, including
impeding fish from flowing naturally through the waters, affecting the aquatic
ecosystem.

« This has a trickling impact on the lakes that typically connect to these rivers, which
can put the upstream and downstream water flow out of balance.

» This can lead to a build-up of silt and affect the amount of water that the plants and
animals that rely on this water source get.

Deforestation

Trees play a significant role in the water cycle. Deforestation is an essential issue in the
natural world today. Deforestation is the removal of trees from their natural habitat for human
use. Trees release water into the atmosphere when they transpire, which produces humidity.
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This vapor evaporates into the atmosphere before being turned into precipitation and re-
released as rain. Understanding this process, it’s clear how deforestation can harm the water
cycle. With fewer trees, the land and the air will become drier, affecting surrounding life that
previously relied on a certain humidity level. It may also create more run-off and leaching,
increasing droughts and floods in certain areas.

When deforestation occurs, this cycle is interrupted. At a local level deforestation can have
immediate effects on the hydrological cycle. In tropical forests;

v’ Less plants means less evapotranspiration. Subsequently there is a decline in rainfall,
subjecting the area to drought.

v Rainfall can be lost from the area; permanent drying can occur and flood regimes of
rivers are altered.

v’ This can result in drought in former rainforest areas. Rainforests of Borneo and the
Amazon have experienced very severe droughts.

v’ The regular flow of clean water from forests and protecting communities from flood and
drought can be affected.

v Interception rates are affected — Tropical forests in particular are multi layered and catch
huge volumes of rainfall falling from the sky. This is delivered to the forest floor via
stemflow and through fall from leaves. This would stop and water would fall directly onto
the forest floor.

v Infiltration and percolation would increase but this would result in the water table being
closer to the soil surface. Rainforests soak up rainfall brought by tropical storms Both by
intercepting rainfall and allowing slow infiltration into the soil. This regulates floods and
river levels. Without forest cover infiltration rates are affected and more overland flow
occurs. This means more destructive flood and drought cycles can occur when forests are
cleared.

v Overland flow increases when forest cover is lost. Rainfall turns into runoff which
rapidly flows into streams, raising river levels and creating potential flood risks during
wetter periods. During the dry season areas downstream of deforestation can be prone to
months-long droughts.

v' Less water is stored in the biosphere as a result of deforestation

v’ Transpiration and shading from trees help to cool rainforests - this is lost from
deforestation which can increase evaporative losses. In the Amazon, Michael Coe of the
Woods Hole Research Center recently reported a difference of 3 degrees Celsius (5.4°F)
between the cool of the forested Xingu indigenous park and surrounding croplands and
pastures.

Irrigation

 lrrigation is the artificial watering of the land. As the human population has grown, so
has our need for agriculture and, consequently, water to cultivate this agriculture.
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» The problem with using irrigation for soil moisture is that it displaces water from its
natural source, which then causes leaving or run-off where it used to be. It also
introduces more salt into our water systems.

Impact of Agriculture on the hydrological cycle

Modern agriculture has a large impact upon the hydrological cycle. In many parts of the
world agriculture has replaced natural vegetation with crop cover and pasture, drastically
altering the way that water moves through altered drainage basin systems.

We need agriculture to feed the world’s population but this has altered the water balance;

v Huge quantities of water are used in food production — this water redistributes water
away from its natural pathways. Precipitation is trapped and stored in surface
reservoirs, groundwater and river water is extracted, then reused on fields to water
crops during drier periods. The abstraction of river-water will reduce downstream
flow.

v Water is stored in biomass that is the plants and animals being farmed. In our global
agriculture system, much of this food enters world markets and thus the water is
exported from one country to another.

v' The evapotranspiration regime of areas is affected, rather than natural annual plants
cover of native ecosystems agriculture changes when plants are grown and in what
quantities. This alters evapotranspiration rates, evapotranspiration from the crops may
be reduced if the previous habitat was forest, or it may be increased if an arid area was
cultivated and irrigated.

v Groundwater stores are affected — wells are drilled into the ground and water pumped
to the surface for use in irrigation. This can deplete groundwater levels under the
ground and damage aquifer resources, this can also cause surface water features such
as springs, rivers and marshland to dry up.

v" Surface runoff can increase as post-harvest fields are bare of vegetation. Farmed crops
often intercept less precipitation than natural vegetation cover too. Subsequent
precipitation can exceed infiltration capacities of the soil resulting in increased
overland flow.

v Drainage patterns are changed too. Farmers intentionally dig drainage ditches within
and around their fields to prevent water logging of plants. This means that water
moves initially via overland flow and then via small channels into rivers, affecting
both the hydrograph and annual regimes of those rivers.

v Agriculture often reduces vegetation cover and soil compaction from machinery can
occur. Both of these can reduce the amount of water that infiltrates into the soil and
therefore increase run off.

Climate change
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* Finally, climate change has one of the most significant impacts on the earth’s water
cycle.

* Human activity, such as burning fossil fuel, contributes to the Earth’s rising
temperature. An increase in temperature means an increase in evaporation and rapid
melting of ice sheets, such as glaciers, which causes sea levels to rise and impacts
other critical processes of the water cycle.

URBANIZATION ON NATURAL WATER CYCLE

Urbanization significantly alters the natural water cycle by drastically increasing surface
runoff due to the widespread presence of impervious surfaces like concrete and asphalt,
leading to reduced groundwater recharge, increased peak flows in rivers, potential flooding,
and altered water quality through pollution from urban waste, ultimately impacting water
availability in the region; this is primarily caused by decreased infiltration of rainwater into
the soil, resulting in a faster and more concentrated runoff process.

URBANIZATION'S IMPACT ON THE WATER CYCLE
¢ Increased runoff:

The major effect of urbanization is a significant increase in surface runoff due to the
large amount of impervious surfaces, which prevents rainwater from infiltrating into the
ground.

« Reduced groundwater recharge:

As less water infiltrates the soil, the rate of groundwater recharge is significantly
reduced, potentially leading to groundwater depletion in urban areas.

o Peak flow amplification:

The rapid runoff from urban areas leads to higher peak flows in rivers, increasing flood
risk during heavy rainfall events.

e Water quality degradation:

Urban runoff carries pollutants like sediment, chemicals, and debris from streets,
parking lots, and rooftops, leading to poor water quality in receiving water bodies.

o Altered water balance:
The changes in infiltration and runoff significantly alter the local water balance,
impacting the availability of water for various uses.

POTENTIAL MITIGATION STRATEGIES:

e Stormwater management systems:

Implementing green infrastructure like rain gardens, bioswales, and permeable
pavements to capture and filter stormwater runoff.

e Urban planning:
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Designing cities with more green spaces and vegetated areas to enhance infiltration and
reduce runoff.

o Water conservation measures:
Promoting water efficient practices in urban areas to reduce water consumption.

SURFACE WATER RESOURCES

Surface water is water that flows on land or rests on it, and is open to the atmosphere. This
includes lakes, rivers, ponds, and streams. Surface water is a vital part of the water cycle,
which is the movement of water on and off the Earth's surface. Sources of surface water
rainfall, snow, surface runoff, and groundwater.
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O Surface water and groundwater

» Surface water is closely related to groundwater.

» Groundwater can be replenished by surface water, snow, and rain.

» The rate of groundwater recharge varies by location, depending on climate and geology.
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O Surface water quality

* The physical and chemical characteristics of surface water, such as dissolved
contaminants and suspended solids, should be assessed.

« Water quality can be affected by pathogenic pollution, water scarcity, leaching of
chemicals, salinity, alkalinity, and toxicity.

+ Saltwater intrusion can degrade groundwater quality, including drinking water.

U Surface water hydrology
Measuring, estimating, and predicting streamflow is an important task in surface water
hydrology.

SURFACE WATER RESOURCES IN INDIA

In India, surface water resources are primarily replenished by monsoon rains, which account
for a significant portion of the country's annual precipitation, with most rainfall occurring
during the monsoon season (June to September), feeding the vast river systems across the
nation; however, the distribution of rainfall is uneven, leading to variations in water
availability across different regions.

India’'s surface water resources include rivers, lakes, ponds, and tanks. These resources are
vital for drinking water, irrigation, and power generation.

U Quantity

= India has about 10,360 rivers and tributaries that are longer than 1.6 km.

= The average annual flow of all the river basins in India is estimated to be 1,869 cubic
km.

= However, only about 690 cubic km (32%) of the available surface water can be used.

O Quality

= About 70% of India's surface water is thought to be unsafe for human consumption.

= Pollution from various sources, including untreated sewage, industrial effluents, and
agricultural runoff, can contaminate groundwater.

O Basins

= The Ganges, Indus, Godavari, and Brahmaputra Basins cover more than half the country.
= The Ganga and Brahmaputra Basins have headwaters in the Himalayas.

= The Western Ghats coastal mountain range form the upper catchments of numerous river
basins, including the Krishna and Godavari Basins.

U Management

= Dams may store surface water and use it to generate renewable energy in the form of
hydropower.

= Watershed organizations Trust (WOTR) in India monitor the streamflow and surface
water quality regularly.
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51 No. | Parameter Lt (Billion Cubic
Meter™ ear)

1 Annual water availability 1,869

2 Usable water 1.126

3 Surface water 690

4 Ground water 436

Basin Wise Annual Per Capita Water
Availability (in cu m)
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UNEVEN DISTRIBUTION OF WATER RESOURCES IN INDIA:

The uneven distribution of water resources in Karnataka is influenced by several
geographical, climatic, and socio-economic factors. Here are the key contributors:

1. Geographical Features

e Topography: Karnataka's diverse topography, with its plains, plateaus, and
mountains, affects the distribution of water. The Western Ghats, running parallel to
the Arabian Sea, receive more rainfall, while the eastern part, especially the dry
regions like the plains of the Deccan Plateau, gets less rainfall.

e Rivers and Watersheds: Karnataka has a mix of rivers, including the Krishna,
Cauvery, and Tungabhadra, with varying lengths, tributaries, and catchment areas.
Some regions have abundant water from these rivers, while others depend on smaller,
less reliable rivers or groundwater.

2. Climatic Variations

« Monsoon Dependency: Karnataka's water resources are heavily dependent on the
monsoon rains, which are often uneven across the state. Coastal areas and regions
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close to the Western Ghats receive significant rainfall (around 3,000 mm), while the
interior areas, particularly in the northern and eastern parts, get much less (around
600-900 mm).

o Drought-prone Areas: The semi-arid regions, like those in the northern and eastern
parts of Karnataka (e.g., Bagalkot, Bijapur, and parts of Raichur), often experience
water shortages due to erratic rainfall patterns and prolonged dry spells, leading to
drought conditions.

3. Water Demand and Usage

o Agriculture: Agriculture is the largest consumer of water in Karnataka, and irrigation
iIs a key factor in the uneven distribution. Regions like the Cauvery basin have
relatively better irrigation facilities, while dry regions struggle with limited access to
irrigation.

o Urbanization: Cities like Bengaluru are rapidly growing, putting immense pressure
on the available water resources. Urban centers tend to consume more water,
exacerbating the scarcity in surrounding rural areas.

4. Political and Administrative Factors

o Inter-state Water Disputes: Karnataka shares several rivers with neighboring states
(such as the Cauvery with Tamil Nadu, and the Krishna with Maharashtra and Andhra
Pradesh). Disputes over water sharing often lead to unequal distribution, as some
regions may have access to more water than others due to political or legal decisions.

e Infrastructure and Distribution: The development of water infrastructure (like
dams, canals, and reservoirs) is often concentrated in certain regions, leading to better
water availability in those areas and neglecting others.

5. Groundwater Depletion

e In many parts of Karnataka, especially in the northern and eastern regions, over-
reliance on groundwater has led to its depletion. The lack of recharge due to less
rainfall and over-extraction for irrigation purposes has made some areas more water-
scarce.

6. Land Use and Soil Type

« Soil Characteristics: Different soil types have varying capacities to retain water. In
regions with sandy or rocky soils, water retention is poor, leading to rapid runoff and
reduced groundwater recharge.

e Land Use Patterns: Cropping patterns and land use practices also affect water
distribution. Areas where water-intensive crops like rice and sugarcane are grown
tend to face greater water shortages, while regions with more drought-resistant crops
have a lower demand for water.
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7. Climate Change

o Shifts in Rainfall Patterns: Climate change has altered the monsoon patterns,
leading to more erratic rainfall, increased frequency of droughts, and more intense
floods in some areas. This further exacerbates the uneven distribution of water
resources across Karnataka.

The uneven distribution of water resources in Karnataka is a result of a complex interplay of
natural and human factors, including geography, climate, agricultural practices, political
issues, and infrastructure. Effective water management and equitable distribution are crucial
to addressing the disparities and ensuring sustainable water use across the state.

APPLICATIONS OF SURFACE WATER RESOURCES

U The most common surface water applications are drinking water and other public use,
irrigation, and by the thermoelectric power generating industry.

U Surface-water resources provided most of the water needed for thermoelectric
generation, public supply, agriculture, mining, and industry.

O Surface-water resources provide nearly all of the water consumed in the United States.
The remaining 30% was made up of water derived from underground sources.

O In 2021, surface-water resources provided around 71% of the freshwater utilized in the
United States.

U Groundwater accounted for the remaining 29%. Surface water is a valuable natural
resource used for various purposes, including irrigation and public drinking water (supplying
people with drinking water and everyday use).
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MODULE -2
ELEMENTARY KNOWLEDGE OF GROUND WATER

1. GROUND WATER

Groundwater is water found beneath the Earth's surface, stored in spaces within soil, sand,
and rock, and is a crucial source of water for drinking, irrigation, and industry, often accessed
through wells or springs and is considered a vital source of freshwater for humans; the top of
this saturated zone is called the water table, and the layer of rock or soil that can store and
provide usable amounts of groundwater is called an aquifer; essentially, groundwater is like
water soaking into a sponge, moving slowly through the ground and replenished by rain and
snowmelt that infiltrates the soil.

Groundwater is used for drinking water by more than 50 percent of the people in the United
States, including almost everyone who lives in rural areas. The largest use for groundwater is

to irrigate crops.
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The area where water fills the aquifer is called the saturated zone (or saturation zone). The
top of this zone is called the water table. The water table may be located only a foot below
the ground's surface or it can sit hundreds of feet down.

U Formation: When rainwater seeps into the ground, it reaches a point where all the
spaces between soil particles are filled with water, creating a saturated zone - this is
where groundwater resides.

U Water table: The upper boundary of the saturated zone is called the water table, which
can fluctuate depending on rainfall and water usage.

O Aquifers: Layers of permeable rock or sediment that can store and transmit significant

amounts of groundwater are called aquifers.
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O Movement: Groundwater moves slowly through the ground, typically from areas of high
recharge (like hills) to areas of discharge (like rivers and springs).

U Importance: Groundwater is a crucial source of drinking water for many populations
around the world, and is also used for irrigation in agriculture.

2.AQUIFER

A "general aquifer" refers to a layer of permeable rock or sediment underground that holds
and can transmit groundwater, essentially acting as a natural reservoir where water can be
stored and move through due to its porous structure; think of it like a spongey rock layer that

allows water to pass through it.
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= Composition

Aquifers are usually made up of materials like sand, gravel, sandstone, or fractured
limestone, which have spaces between particles allowing water to flow through them.

= Water table

The upper boundary of the saturated zone within an aquifer is called the water table,

marking the level where the pores are completely filled with water.
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2.1 TYPES OF AQUIFERS

1. Confined Aquifer: Confined aquifers are bounded above and below by impermeable
layers, holding water under pressure, while unconfined aquifers (also called water table
aquifers) have a water table at the surface and are directly recharged by precipitation.

A confined aquifer is an underground layer of water-bearing rock or soil that is trapped
between two layers of impermeable material (like clay or rock).

e Pressure:

The water in a confined aquifer is under pressure due to the confining layers above and

below.
o Water Level:

When a well penetrates a confined aquifer, the water level may rise above the top of the

aquifer due to the pressure.
e Recharge:

Confined aquifers are typically recharged by precipitation that moves through the
overlying permeable layers, or from deeper aquifers.

e Contamination:

Confined aquifers are generally less vulnerable to surface contamination than unconfined

aquifers because of the confining layers.

e Residence Time:

Water in confined aquifers often has a longer residence time in the groundwater system.

2. Unconfined Aquifer: An unconfined aquifer is a groundwater reservoir where the water
table (the upper surface of the saturated zone) is open to the atmosphere through permeable
material, meaning there's free communication between the land surface and the aquifer's
water.

Example: Coastal sands: Many areas of coastal sands are unconfined aquifers, as the
permeable sand allows water to infiltrate easily from the surface. Alluvial deposits in river
valleys: Alluvial deposits, which are sediments deposited by rivers, often form unconfined
aquifers, as they are also permeable and allow for direct recharge. Other examples: Other
examples include aquifers found in areas with permeable materials like sand, gravel, and

fractured rock, where the water table is at or near the surface.
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Confined Aquifers

Unconfined Aquifers

It is one kind of aquifer that iz below
the earth’s surface (saturated with
groundwater)

Tt can generally be found at a very
deep level below the ground

Most of the time confined aquifers are
not generally affected by drought
These types of aquifers form at a

slower pace than unconfined ones

It 1z one kind of an aquifer whose
water table 15 generally at the level of
atmospheric pressure

Tt 15 gnarly closer to the surface of the
earth

Unconfined aquifers are significantly
affected by drought

These types of aquifers form at a very

fast speed

How groundwater gets into an aquifer:
> Precipitation: Rainwater seeps through the soil and into the ground, eventually
reaching the saturated zone and filling the aquifer.
How we access groundwater:
» Wells: By drilling a hole deep enough to reach the aquifer, we can pump water out
for use.
Important considerations:
» Over-pumping: Excessive extraction of water from an aquifer can lower the water
table and lead to depletion.
» Contamination: Groundwater can be polluted by chemicals or waste that seep into
the ground.
2.2 AQUIFER FUNCTION IN STORING AND SUPPLYING GROUNDWATER:

An aquifer is a body of rock or sediment that stores and allows the movement of
groundwater. It functions as a natural reservoir, storing large quantities of water beneath the

Earth's surface. Here's how it works in storing and supplying groundwater:
1. Water Storage

e Aquifers are typically made up of porous rock or loose materials like gravel, sand, or
limestone, which have the capacity to hold water in the spaces between particles

(pores) or fractures in the rock.
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o Water infiltrates these aquifers from the surface through processes like precipitation
(rain or snow) or infiltration (water seeping through the ground from rivers, lakes, or
other sources).

« The water fills the empty spaces within the aquifer and creates a saturated zone. This

is the underground area where all the pores are filled with water.
2. Water Movement

o Groundwater in aquifers moves very slowly due to the porous and permeable nature
of the material in the aquifer.

« The water is typically replenished or "recharged” over time as more surface water
infiltrates and seeps downward.

e Agquifers can be confined (trapped between layers of impermeable rock) or

unconfined (not trapped, and directly open to the surface).
3. Supplying Groundwater

e Aquifers supply groundwater through wells and springs.
o When people need water, they drill wells into the aquifer to pump out water
for agricultural, industrial, or domestic use.
o In some cases, natural pressure causes the water to flow out of the aquifer to
the surface through springs, where it emerges from the ground.
e The amount of water an aquifer can supply depends on how much water it contains

and its ability to recharge.
4. Sustainability

e Agquifers are replenished by the infiltration of rainwater, but their ability to sustain
water supply depends on factors such as the rate of recharge, the amount of water
extracted, and the porosity and permeability of the aquifer.

o Over-extraction of water from an aquifer can lead to depletion, causing the water
table to drop and leading to consequences like reduced water quality, land subsidence,

or even the drying up of wells.
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In summary, an aquifer functions as both a storage and a supply system for groundwater,
storing water in its porous layers and allowing it to be accessed for human use through wells
or naturally through springs. However, the sustainability of an aquifer depends on proper
management and recharge to avoid depletion.

3. WATER QUALITY AND ITS IMPACT ON HUMAN BEINGS

Pure water, represented by the chemical formula H20, is composed solely of hydrogen and
oxygen atoms, meaning these are the only components that should be present in “pure™
water; any other substance found in water would be considered an impurity, and therefore,
should not be present in pure water.

Components present in water:

1. Hydrogen (H): One of the two elements making up a water molecule.

2. Oxygen (O): The other element making up a water molecule.

3.1 COMPONENTS NOT PRESENT IN PURE WATER (IMPURITIES):

. Dissolved minerals: Like calcium, magnesium, sodium, etc.

. Organic matter: Including bacteria, plant debris, and other organic compounds.
. Heavy metals: Such as lead, mercury, and arsenic

. Chemicals: Pesticides, industrial pollutants, etc.
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Common minerals in drinking water

«  Calcium: Helps replenish nutrients that are lost or used

*  Magnesium: Helps replenish nutrients that are lost or used

* Potassium: May help lower blood pressure

« Sodium: High levels of sodium are linked to high blood pressure

* lron: A mineral found in drinking water

* Zinc: A mineral found in drinking water

Bicarbonate: A mineral found in drinking water

Composition

@ Calcium 251,38 mug/l
Magnesium 23,97 mug/l

@- Sodium 178 madl

o Potassium 2,5 mug/l

@ Bicarbonates | 1445,9 ma/l
Gerben | 2500 mar
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Water quality significantly impacts human health, with poor water quality leading to a range
of diseases and health issues, including gastrointestinal illnesses, reproductive problems,
developmental disorders, and even cancer, primarily due to the presence of bacteria,
viruses, parasites, chemicals, and heavy metals in contaminated water; access to clean
drinking water is crucial for overall wellbeing and preventing waterborne diseases like

cholera, typhoid, and diarrhea.

O Waterborne diseases: Contaminated water with bacteria, viruses, and parasites can
cause diseases like cholera, typhoid, dysentery, hepatitis A, and diarrhea, especially in areas
with poor sanitation.

O Chemical contaminants: Exposure to chemicals like lead, arsenic, fluoride, pesticides,
and industrial pollutants in water can lead to various health issues depending on the
contaminant and exposure level, including neurological problems, skin lesions, and cancer.
O Impacts on vulnerable populations: Children and pregnant women are particularly
susceptible to the effects of poor water quality due to their developing bodies and increased
vulnerability to infection.

O Chronic health effects: Long-term exposure to even low levels of contaminants can
lead to chronic health issues like kidney damage, reproductive problems, and developmental
delays.

U Importance of clean water: Access to clean drinking water is vital for maintaining

good hygiene, preventing disease transmission, and supporting overall health.
3.2 WATER QUALITY IMPACTS HUMAN HEALTH

e« Waterborne Diseases:

Contaminated water can harbor disease-causing pathogens (bacteria, viruses, and
parasites) that lead to various illnesses.

o Examples: Cholera, typhoid fever, dysentery, hepatitis A, and diarrhea.

¢ Chemical Contamination:

o Short-term effects: Exposure to high doses of chemicals can cause skin

discoloration, nervous system damage, or reproductive problems.

o Long-term effects: Exposure to lower doses over time can lead to chronic

conditions like cancer.
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o Examples: Arsenic, fluoride, lead, and other chemicals can be present in
water.

¢ Microbial Contamination:

o Bacteria: E. coli, Salmonella, and Shigella can cause severe gastrointestinal

illness and diarrhea.

o Viruses: Norovirus and Hepatitis A can cause vomiting, diarrhea, and liver

inflammation.

o Parasites: Giardia and Cryptosporidium can cause diarrhea and other
gastrointestinal problems.

e Other Impacts:

o Reproductive and developmental issues: Exposure to certain water
pollutants, like endocrine-disrupting chemicals, can lead to reproductive

problems and developmental disorders in children.

o Chronic diseases: Long-term exposure to contaminated water can increase
the risk of developing chronic diseases like cancer and cardiovascular

disease.

o Neurological damage: Exposure to certain chemicals in water can cause
neurological damage.

e Specific examples:
o Arsenic: Can cause skin lesions, cancer, and other health problems.

o Fluoride: High levels can cause dental fluorosis, while low levels can lead

to tooth decay.

o Lead: Can cause developmental problems in children and kidney problems
in adults.
o Nitrate contamination: Can cause "blue baby syndrome" in infants.
e Global Impact:
o The World Health Organization (WHQO) estimates that about 1.1 billion

people globally drink unsafe water.

o Poor water quality and sanitation are linked to a significant number of deaths

and illnesses worldwide, especially in developing countries.
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o Waterborne diseases are a major cause of death and illness, especially in
children.
3.3 MEASURES TO IMPROVE THE WATER QUALITY
To improve water quality, implement water filtration systems, ensure proper waste disposal,
reduce chemical pollution, and monitor water quality regularly, while also encouraging

community involvement and sustainable practices.

1. WATER FILTRATION AND TREATMENT:

o Water Filtration Systems:

Install water filtration systems at home or in communities to remove contaminants like

bacteria, viruses, and heavy metals.
o Boiling Water:

Boiling water effectively kills many harmful microorganisms, improving its

microbiological quality.
e Reverse Osmosis:
Consider reverse osmosis systems for removing dissolved solids and impurities.

e Activated Carbon Filters:

Use activated carbon filters to adsorb organic compounds and improve water quality.

2. WASTE MANAGEMENT AND POLLUTION REDUCTION:

e Proper Waste Disposal:

Dispose of medical waste, chemicals, and medications properly, avoiding flushing them

down the toilet or dumping them in waterways.
e Reduce Chemical Pollution:

Minimize the use of harmful chemicals like pesticides and fertilizers, and opt for

environmentally friendly alternatives.
e Avoid Single-Use Plastics:
Reduce the use of single-use plastics, which can pollute waterways.

e Prevent Oil Leaks:

Regularly maintain vehicles to prevent oil leaks that can contaminate water sources.
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3. WATER QUALITY MONITORING:

Regular Testing:

Regularly test water quality parameters like pH, dissolved oxygen, and turbidity to

identify potential problems.
Water Quality Monitoring:

Implement water quality monitoring programs to track changes in water quality and

identify potential pollution sources.

Chlorophyll Fluorescence Analysis:

Use chlorophyll fluorescence analysis to monitor algal growth and assess water quality.

4. COMMUNITY INVOLVEMENT AND EDUCATION:

Get Involved: Participate in community cleanups and water protection initiatives.

Raise Awareness: Educate others about the importance of water quality and the

measures they can take to protect it.

Support Environmental Charities: Support environmental charities and

organizations that work to protect water resources.

5. OTHER MEASURES:

Conserve Water: Practice water conservation techniques like turning off the faucet

while brushing teeth and taking shorter showers.

Take Care of Pipes: Regularly maintain and clean water pipes to prevent

contamination.

Enhance Oxygenation: Increase dissolved oxygen levels in water bodies through

aeration devices.

Plant Trees: Plant more trees and plants to help filter water and prevent runoff

pollution.

Rainwater Harvesting: Implement rainwater harvesting systems to collect and store

rainwater for drinking or recharging underground aquifers.
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3.4 SOURCES OF WATER POLLUTION IN RURAL AND URBAN AREAS

Water pollution is a significant environmental issue, affecting both rural and urban areas,

though the sources of pollution may differ depending on the setting. Here’s a breakdown of

the major sources of water pollution in rural and urban areas:

WATER POLLUTION IN RURAL AREAS

1. Agricultural Runoff:

o

Pesticides and Fertilizers: In rural areas, agriculture is a major activity. The runoff
from farms often contains harmful chemicals like pesticides, herbicides, and
synthetic fertilizers, which can contaminate nearby water sources like rivers, lakes,
and groundwater.

Sediment: Soil erosion from poorly managed farmland can lead to sedimentation in
rivers and streams, reducing water quality and harming aquatic life.

Manure and Animal Waste: Livestock farming in rural areas can contribute to
water pollution through the runoff of manure, which can introduce pathogens,
nutrients (like nitrogen and phosphorus), and organic matter into water sources. This
can lead to algal blooms and the eutrophication of water bodies.

2. Improper Waste Disposal:

@)

Household Waste: In rural areas where sanitation infrastructure may be lacking,
untreated sewage from homes and farms can be dumped directly into rivers, lakes, or
groundwater, contaminating the water with bacteria, viruses, and other pathogens.

Improper Disposal of Chemicals: Rural households may also improperly dispose of
chemicals such as cleaning agents, motor oil, or other toxic substances, which can

seep into the water supply.

3. Deforestation:

o

Loss of Vegetation: Deforestation, often due to agricultural expansion, can increase
runoff, reducing the ability of the land to absorb rainwater. This leads to more
sediment and pollutants flowing into water bodies, which degrades water quality and

disrupts aquatic ecosystems.

4. Industrial Agriculture and Livestock Operations:

o

Concentrated Animal Feeding Operations (CAFOs): Large-scale animal farms
(CAFOs) can be sources of water pollution. The waste generated by large numbers of
animals often overwhelms the land’s capacity to absorb it, resulting in contamination

of nearby water sources.
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WATER POLLUTION IN URBAN AREAS

1. Sewage and Wastewater:

o Untreated or Partially Treated Sewage: In many urban areas, particularly in
developing countries, inadequate sewage treatment facilities lead to the discharge of
untreated or partially treated sewage into rivers, lakes, and oceans. This introduces
pathogens, nutrients, and chemicals into the water.

o Stormwater Runoff: In urban areas, when it rains, stormwater runoff from streets,
parking lots, and industrial areas carries contaminants like oil, heavy metals, garbage,
and chemicals into rivers and lakes. In cities with combined sewer systems, this
runoff can also carry untreated sewage.

2. Industrial Discharges:

o Chemical and Toxic Waste: Factories and industrial facilities in urban areas may
discharge untreated chemicals, heavy metals, or other hazardous substances into
nearby rivers, lakes, or groundwater, leading to significant water pollution.

o Thermal Pollution: Power plants and other industries may release heated water into
nearby rivers or lakes, raising water temperatures and reducing oxygen levels, which
can harm aquatic life.

3. Plastic and Waste Disposal:

o Plastic Waste: In urban areas, improper waste disposal practices often lead to the
accumulation of plastic waste in rivers, lakes, and oceans. Plastic debris can suffocate
aquatic animals, block waterways, and introduce harmful chemicals into the water.

o Landfills: Urban areas with poorly managed landfills can contribute to water
pollution through leachate (toxic liquid that leaches from waste), which can seep into
nearby water sources, contaminating groundwater.

4. Transportation and Motor Vehicles:

o Oil and Grease: In cities, runoff from roads and parking lots can carry oils, fuels,
and heavy metals from vehicles into water sources, polluting rivers and lakes.

o Urban Sprawl: As cities expand, the increase in impervious surfaces like asphalt and
concrete prevents water from being absorbed into the ground, leading to higher
volumes of stormwater runoff and subsequent water pollution.

5. Construction and Development:

o Sediment Runoff: Construction sites in urban areas often disturb the soil, leading to

increased erosion and sedimentation in nearby water sources. This can degrade water

guality, smother aquatic habitats, and disrupt ecosystems.
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o Chemical Contaminants: Construction activities may also release chemicals such as
paint, solvents, and other construction materials into nearby water bodies if not
properly contained.

COMMON SOURCES OF WATER POLLUTION IN BOTH RURAL AND URBAN
AREAS

1. Waste Disposal Practices:

o Improper disposal of household waste, whether in rural or urban settings, can lead to
contamination of nearby water sources. This can include food waste, non-
biodegradable materials, and hazardous substances.

2. Climate Change:

o Both rural and urban areas can experience the impact of climate change, which can
cause more intense storms, floods, and droughts. These events can lead to the
overflow of sewage systems and runoff from agricultural and industrial sites,

exacerbating water pollution issues.

4 WATER HARVESTING

The term water harvesting is usually taken to mean the immediate collection of rainwater
running off surfaces upon which it has fallen directly. This definition excludes the runoff
from land watershed into streams, rivers, lakes etc., Rainwater harvesting is the simple
process or technology used to conserve rainwater by collecting, storing, conveying and
purifying of rainwater that runs off from rooftops, parks, roads, open grounds, etc. for later

use.
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Collection area

Gutter

Recharge Conduit
facility

Storage
tank

Rainwater harvesting

The process of rainwater harvesting involves the collection and the storage of rainwater
with the help of artificially designed systems that run off naturally or man-made catchment
areas like- the rooftop, compounds, rock surface, hill slopes, artificially repaired impervious

or semi-pervious land surface.

catchment area

conveyance
system _
storage conveyance application

system area

catchment area

/ / application area

Rainwater harvesting systems consists of the following components:

«Catchment- Used to collect and store the captured rainwater.
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*Conveyance system — It is used to transport the harvested water from the catchment to
the recharge zone.

*Flush- It is used to flush out the first spell of rain.

*Filter — Used for filtering the collected rainwater and removing pollutants.

*Tanks and the recharge structures: Used to store the filtered water which is ready to

use.

Several factors play a vital role in the amount of water harvested. Some of these factors

are:

e The Quantum of Runoff: This refers to the volume or amount of water that flows off a
catchment area, such as a roof or a watershed, when it rains. It depends on factors like
rainfall intensity, the area of the catchment, and the type of surface (impervious or porous).

e Features of the Catchments: The characteristics of the catchment area play a key role in
runoff. These can include its size, shape, slope, soil type, vegetation cover, and urban
development. For instance, urbanized areas with lots of impervious surfaces (like concrete)

tend to generate more runoff.

e Impact on the Environment: Runoff can have both positive and negative environmental
impacts. Positive impacts could include groundwater recharge, while negative impacts may
involve flooding, soil erosion, and pollution from runoff carrying contaminants like

chemicals and waste into nearby water bodies.

e Availability of Technology: The ability to manage rainwater runoff and storage often
depends on the technology available. This includes rainwater harvesting systems, filtration
systems, and technologies to direct or store the water in an efficient way for future use or to

reduce environmental impacts.

e The Capacity of the Storage Tanks: Storage capacity for harvested rainwater is crucial
for making use of the runoff. Larger tanks can store more water, providing a reliable supply
for use during dry spells, but they also need to be designed to handle excess runoff during

heavy rainfall.
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e Types of Roofs, Its Slope, and Its Materials: The type, slope, and materials of a roof
directly affect the amount of runoff that can be collected. For example, a steep, smooth roof
made of metal or tile will shed water more efficiently than a flat, porous roof. Materials like

concrete or clay can affect the quality of the collected rainwater as well.

e Frequency, Quantity, and Quality of the Rainfall: The amount of rain that falls
(quantity), how often it falls (frequency), and its quality (e.g., whether it is polluted by
airborne contaminants) will affect both the volume of runoff and the quality of water that can

be harvested.

e The Speed and Ease with Which Rainwater Penetrates Through the Subsoil to
Recharge Groundwater: The infiltration rate of the soil determines how much rainwater can
seep into the ground to replenish groundwater reserves. Factors like soil texture, compaction,

vegetation, and the presence of impervious surfaces influence this process.

4.1 NEED FOR WATER HARVESTING

Water Scarcity:

. As global water demand increases and climate change exacerbates droughts, water
harvesting becomes vital for ensuring access to this essential resource.

Groundwater Depletion:

. Over-reliance on groundwater can lead to its depletion and contamination, making
water harvesting a sustainable alternative for replenishing aquifers.

Reduced Runoff and Erosion:

. By capturing rainwater, water harvesting minimizes runoff, which can cause soil
erosion, flooding, and water pollution.

Improved Water Quality:

. Collected rainwater is often of higher quality than surface water, reducing the need
for expensive water treatment.

Enhanced Agricultural Productivity:

. In arid and semi-arid regions, water harvesting can significantly improve agricultural
yields by providing a reliable water source for irrigation.

Environmental Benefits:

. Water harvesting can help to reduce the environmental impact of water management

practices, such as reducing the need for large dams and promoting water conservation.
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4.2 ADVANTAGES OF RAINWATER HARVESTING

Less cost.

Helps in reducing the water bill.

Decreases the demand for water.

Reduces the need for imported water.

Promotes both water and energy conservation.

Improves the quality and quantity of groundwater.

Does not require a filtration system for landscape irrigation.
This technology is relatively simple, easy to install and operate.

It reduces soil erosion, stormwater runoff, flooding, and pollution of surface water

with fertilizers, pesticides, metals and other sediments.

It is an excellent source of water for landscape irrigation with no chemicals, dissolved

salts and free from all minerals.

4.3 DISADVANTAGES OF RAINWATER HARVESTING

In addition to the great advantages, the rainwater harvesting system has a few disadvantages

like unpredictable rainfall, unavailability of the proper storage system, etc.

Regular maintenance is required.

Requires some technical skills for installation.

Limited and no rainfall can limit the supply of rainwater.

If not installed correctly, it may attract mosquitoes and other waterborne diseases.

One of the significant drawbacks of the rainwater harvesting system is storage limits

4.4 PRINCIPLES OF WATER HARVESTING

Catchment Area:

Identifying and utilizing areas where rainwater can be effectively collected, such as
rooftops, paved surfaces, or natural slopes.

Runoff Conveyance:

Designing systems to efficiently channel collected rainwater to storage or infiltration
areas, using gutters, pipes, or other methods.

Storage:

Department of Civil Engineering, ATMECE, Mysuru Page 18



Water Conservation & Rain Water Harvesting BCV654A

« Storing collected water in tanks, reservoirs, or underground structures for later use,
ensuring adequate capacity to meet demands.

4. Infiltration:

« Encouraging the infiltration of water into the soil to recharge groundwater, using
techniques like percolation ponds or recharge pits.

5. Slow, Spread, and Sink:

* This principle emphasizes slowing down the flow of water, spreading it across the
land, and encouraging it to infiltrate into the soil.

6. Overflow Management:

* Planning for and managing excess water during heavy rainfall events, ensuring that
overflow is either used as a resource or safely diverted.

7. Start Small and Simple:

» Begin with small-scale water harvesting projects and gradually scale up as experience
and resources become available.

8. Long and Thoughtful Observation:

» Carefully observe the local rainfall patterns, runoff behavior, and soil characteristics
to design effective water harvesting systems.

9. Start at the Top:

» Focus on the highest points of a watershed to manage runoff effectively and prevent

erosion.

5. GENERAL WATER HARVESTING METHODS

General water harvesting methods include rooftop rainwater harvesting where rainwater is
collected from building roofs and stored in tanks, surface runoff harvesting which captures
water flowing off surfaces like roads and fields, and recharge structures like pits and trenches
used to replenish groundwater by directing collected rainwater into the soil; all methods aim

to collect and store rainwater instead of letting it run off completely.
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1. Rainwater Harvesting (RWH)

o Rooftop Rainwater Harvesting: This is one of the most common methods. It
involves collecting rainwater that falls on rooftops and directing it through gutters
into storage tanks or reservoirs. The water can be used for irrigation, flushing toilets,
or even for drinking after proper treatment.

o Components: Roof, gutters, downspouts, filters, storage tanks, and pumps.
o Types:
= Direct Rooftop Harvesting: Collects rainwater directly from the roof.
= Surface Collection: Water is collected from open spaces like streets or
courtyards.

o Surface Rainwater Harvesting: This involves collecting rainwater from large
surface areas like roads, pavements, and fields using channels or drains, which direct
the water to storage tanks or recharge pits.

o Components: Channels, drains, ponds, or storage tanks.

Department of Civil Engineering, ATMECE, Mysuru Page 20



Water Conservation & Rain Water Harvesting BCV654A

2. Stormwater Harvesting

Stormwater harvesting focuses on capturing and using water runoff from urban surfaces like
streets, parking lots, and rooftops. These systems are designed to prevent flooding while also

storing water for later use, especially in urban settings.

e Methods:
o Catch basins: Collect surface runoff from streets.
o Detention/Retention ponds: Store excess water temporarily and release it

slowly to prevent flooding.

3. Groundwater Recharge (Infiltration)

This involves the process of allowing rainwater or surface runoff to seep into the ground to

replenish groundwater supplies. Techniques for groundwater recharge include:

o Recharge Pits: Excavated areas that allow water to percolate into the ground.

o Borewells or Tube Wells: Deep wells drilled into the ground to allow water to
infiltrate deeper layers of the earth.

e Infiltration Trenches: Trenches filled with permeable materials like gravel to
encourage water to flow into the ground.

o Recharge Wells: Specialized wells designed to direct rainwater to deeper

groundwater aquifers.

4. Percolation Tanks

These are artificial ponds or tanks built to collect water, allowing it to percolate through the
soil, thus recharging the groundwater. Percolation tanks are commonly used in rural areas

where groundwater levels are low.

« Components: Artificial tanks, porous ground, and often, catchment areas.

5. Check Dams and Nala (Stream) Dams

Check dams are small, temporary dams built across small streams or rivers to slow down the
flow of water, allowing it to percolate into the ground. This helps in groundwater recharge

and prevents erosion.
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o Components: Dam structures, storage area, and filtration systems.
6. Borewell Recharge

Borewell recharge involves using rainwater to recharge deep wells or borewells. In this
method, water is directed into existing borewells using recharge structures like filters to
purify it before it enters the aquifer.

o Components: Recharge pipe, filter, borewell.
7. Rain Gardens (Bioretention Systems)

Rain gardens are shallow, landscaped depressions designed to capture runoff from
impervious surfaces (e.g., driveways or roofs). The garden’s plants and soil help filter out

pollutants and allow the water to soak into the ground, reducing surface runoff.
e Components: Plants, mulch, and permeable soil or gravel.
8. Swales (Vegetated Channels)

Swales are shallow, grassy channels that direct surface runoff into areas where it can either
infiltrate into the ground or be stored temporarily. They are commonly used in agricultural or

residential areas to manage stormwater.

e« Components: Sloped channels, vegetation, and sometimes storage tanks or

infiltration beds.
9. Sand Dams

Sand dams are built across small streams in arid or semi-arid regions. These dams store water
in the sand beneath the dam, which acts like a natural reservoir, slowly releasing water over

time. This method is particularly effective in regions where groundwater is scarce.

e« Components: Concrete or masonry dam, sand layers for storage, and a filtration

system.
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10. Surface Water Harvesting (Tanks and Ponds)

For areas where natural water sources like rivers or streams are present, surface water
harvesting involves capturing and storing water from these sources using tanks, ponds, or

reservoirs.

« Components: Reservoirs, ponds, and canals for channeling water.

11. Fog and Dew Collection

In areas with frequent fog or heavy dew, water can be harvested by using nets or mesh
structures that capture the moisture from fog and condense it into droplets, which are
collected in storage containers. This method is commonly used in coastal or mountainous

areas.

o Components: Mesh nets or fog collectors, storage containers.

12. Dew Harvesting

This method involves collecting the moisture that condenses during the night as dew. This is

especially useful in areas where fog or dew is abundant but rain is scarce.
o Components: Collecting surfaces like mesh or plastic sheets, and storage tanks.
13. Desalination (For Coastal Areas)

In coastal regions where fresh water is scarce but seawater is abundant, desalination methods
can be used to convert seawater into drinkable water. While this method is energy-intensive,

it is a viable option in places where freshwater resources are limited.

« Components: Desalination plants, filters, and storage facilities.

6. RAIN WATER HARVESTING METHODS

Rainwater can be harvested using a variety of methods, including rooftop harvesting, surface

runoff harvesting, and groundwater recharge.

¢ Rooftop rainwater harvesting

Department of Civil Engineering, ATMECE, Mysuru Page 23



Water Conservation & Rain Water Harvesting BCV654A

¢+ Surface runoff harvesting

% Groundwater recharge

1. ROOF TOP RAINWATER HARVESTING:

It is a system of catching rainwater where it falls. In rooftop harvesting, the roof becomes the
catchments, and the rainwater is collected from the roof of the house/building. It can either
be stored in a tank or diverted to artificial recharge system. This method is less expensive and
very effective and if implemented properly helps in augmenting the ground water level of the

area.

COMPONENTS OF ROOF TOP RAIN HARVESTING:

»  The system mainly constitutes of following sub components:

«Catchment
*Transportation
*First flush
*Filter

The surface that receives rainfall directly is the catchment of rainwater harvesting system.
It may be terrace, courtyard, or paved or unpaved open ground. The terrace may be flat
RCC/stone roof or sloping roof. Therefore, the catchment is the area, which actually

contributes rainwater to the harvesting system.

»  Transportation: Rainwater from rooftop should be carried through down take water
pipes or drains to storage/harvesting system. Water pipes should be UV resistant (ISI
HDPE/PVC pipes) of required capacity. Water from sloping roofs could be caught through
gutters and down take pipe. At terraces, mouth of the each drain should have wire mesh to
restrict floating material.
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First Flush: First flush is a device used to flush off the water received in first shower. The
first shower of rains needs to be flushed-off to avoid contaminating storable/rechargeable
water by the probable contaminants of the atmosphere and the catchment roof. It will also
help in cleaning of silt and other material deposited on roof during dry seasons Provisions of

first rain separator should be made at outlet of each drainpipe.

Filter: Filters are used for treatment of water to effectively remove turbidity, color and
microorganisms. After first flushing of rainfall, water should pass through filters. There are

different types of filters in practice, but basic function is to purify water.

Sand Gravel Filter: These are commonly used filters, constructed by brick masonry and
filleted by pebbles, gravel, and sand as shown in the figure. Each layer should be separated

by wire mesh.
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Charcoal Filter

10 CM. GRAVEL LAYER

10 CM, CHARCOAL LAYER

25 CM. SAND LAYER

25 CM GRAVEL LAYER.

Charcoal filter can be made in-situ or in a drum. Pebbles, gravel, sand and charcoal as shown
in the figure should fill the drum or chamber. Each layer should be separated by wire mesh.

Thin layer of charcoal is used to absorb odor if any.

PVC- Pipe filter

SAIND GRAVEL

VY

PVC PIPE FILTER

This filter can be made by PVC pipe of 1 to 1.20 m length; Diameter of pipe depends on the
area of roof. Six inches dia. pipe is enough for a 1500 Sqg. Ft. roof and 8 inches dia. pipe
should be used for roofs more then 1500 Sq. Ft. Pipe is divided into three compartments by
wire mesh. Each component should be filled with gravel and sand alternatively as shown in
the figure. A layer of charcoal could also be inserted between two layers. Both ends of filter
should have reduce of required size to connect inlet and outlet. This filter could be placed
horizontally or vertically in the system.

METHODS OF ROOF TOP RAIN HARVESTING
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Storage of Direct use: In this method rain water collected from the roof of the building is
diverted to a storage tank. The storage tank has to be designed according to the water
requirements, rainfall and catchment availability. Each drainpipe should have mesh filter at
mouth and first flush device followed by filtration system before connecting to the storage

tank. It is advisable that each tank should have excess water over flow system.

Recharging ground water aquifers: Ground water aquifers can be recharged by various
kinds of structures to ensure percolation of rainwater in the ground instead of draining away

from the surface.
Commonly used recharging methods are: -

= Recharging of bore wells

= Recharging of dug wells.

= Recharge pits

= Recharge Trenches

= Soak ways or Recharge Shafts

= Percolation Tanks

Recharging of bore wells
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Rainwater collected from rooftop of the building is diverted through drainpipes to settlement
or filtration tank. After settlement filtered water is diverted to bore wells to recharge deep
aquifers. Abandoned bore wells can also be used for recharge. Optimum capacity of
settlement tank/filtration tank can be designed on the basis of area of catchment, intensity of
rainfall and recharge rate as discussed in design parameters. While recharging, entry of
floating matter and silt should be restricted because it may clog the recharge structure. "First
one or two shower should be flushed out through rain separator to avoid contamination. This
is very important, and all care should be taken to ensure that this has been done."”

Recharge Pits

From catchment
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Typical recharge pit

Recharge pits are small pits of any shape rectangular, square or circular, contracted with
brick or stone masonry wall with weep hole at regular intervals. to of pit can be covered with
perforated covers. Bottom of pit should be filled with filter media. The capacity of the pit can
be designed on the basis of catchment area, rainfall intensity and recharge rate of soil.
Usually the dimensions of the pit may be of 1 to 2 m width and 2 to 3 m deep depending on
the depth of pervious strata. These pits are suitable for recharging of shallow aquifers, and

small houses.

Soak away or Recharge Shafts
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Perforated cover

Perforated pipe

Soak away or recharge shafts are provided where upper layer of soil is alluvial or less
pervious. These are bored hole of 30 cm dia. up to 10 to 15 m deep, depending on depth of
pervious layer. Bore should be lined with slotted/perforated PVC/MS pipe to prevent
collapse of the vertical sides. At the top of soak away required size sump is constructed to

retain runoff before the filters through soak away. Sump should be filled with filter media.

Recharging of dug wells

Recharging of dug wells
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Dug well can be used as recharge structure. Rainwater from the rooftop is diverted to dug
wells after passing it through filtration bed. Cleaning and desalting of dug well should be
done regularly to enhance the recharge rate. The filtration method suggested for bore well
recharging could be used.

Recharge Trenches

Perforated cover
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Recharge Trenches

Recharge trench in provided where upper impervious layer of soil is shallow. It is a trench
excavated on the ground and refilled with porous media like pebbles, boulder or brickbats. it
is usually made for harvesting the surface runoff. Bore wells can also be provided inside the
trench as recharge shafts to enhance percolation. The length of the trench is decided as per
the amount of runoff expected. This method is suitable for small houses, playgrounds, parks
and roadside drains. The recharge trench can be of size 0.50 to 1.0 m wide and 1.0 to 1.5 m
deep.

2. SURFACE RUNOFF HARVESTING

Surface runoff rainwater harvesting is a method of collecting rainwater flowing along the
ground during the rains will be collected to a tank below the surface of the ground for
irrigation and other purposes. During storage of rainwater, it is important to incorporate
efficient and effective water conservation methods i.e. by reducing evaporation. It is a very
easy to adopt technology and very profitable if used accordingly. The main objective of
surface runoff rainwater harvesting method is to meet the ever increasing demand of water,

to reduce water pollution, soil erosion and flooding of roads.
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6.1 ADVANTAGES OF SURFACE RUNOFF HARVESTING:

Residential homes
Commercial buildings
Schools and universities
Farms & ranches

Parks & recreation areas
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Municipalities

6.2 BENEFITS OF RAINWATER HARVESTING
Rainwater harvesting has many benefits, including reduced water bills, flood protection, and
environmental protection.
Water conservation:
» Reduced water bills: Save money by using rainwater for non-drinking water needs
like washing clothes and flushing toilets
» Reduced demand for water: Use less water from rivers and reservoirs
= Reduced need for imported water: Avoid the costs of purchasing water from
centralized water systems.
Flood protection
* Reduced risk of flooding: Capture and store rainwater to reduce the risk of flooding
during heavy rains
» Mitigates flooding: Funnel off water into large tanks for recycling
Environmental protection
* Reduced soil erosion: Collect rainwater to reduce soil erosion
* Reduced stormwater runoff: Collect rainwater to reduce stormwater runoff, which
can contribute to pollution and erosion
* Reduced pollution: Collect rainwater to reduce pollution of surface water with
fertilizers, pesticides, metals, and other sediments
* Recharged groundwater aquifers: Collect rainwater and direct it into the ground to

recharge the water table
6.3 RAIN WATER HARVESTING APPROCHES

1. Rooftop Rainwater Harvesting
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Description: This is the most common form of rainwater harvesting, where rainwater
is collected from the roofs of buildings.

How It Works: Rainwater flows from the roof into gutters, downspouts, and is then
filtered before being stored in tanks or reservoirs.

Uses: It’s typically used for non-potable water needs (like irrigation, flushing toilets,
washing), but with proper filtration and treatment, it can also be used for drinking and
cooking.

Advantages: Low cost, simple to implement, scalable from small to large systems.
Considerations: Requires maintenance of gutters, filters, and storage tanks to prevent

contamination.

2.Surface Runoff Harvesting

Description: Collects rainwater that runs off from surfaces like roads, pavements, or
open fields.

How It Works: Runoff water is directed into collection ponds or tanks. It may
require filtration to remove debris, dirt, and contaminants before use.

Uses: Often used for agricultural irrigation, landscaping, or industrial cooling
systems.

Advantages: Can be implemented on a larger scale, and utilizes water that might
otherwise be wasted.

Considerations: Potential for contamination from pollutants on surfaces; requires

larger infrastructure.

3.Rainwater Gardens (or Bioretention Systems)

Description: A rain garden is a planted depression that allows rainwater runoff from
impervious urban areas to be absorbed.

How It Works: The garden uses native plants and soils to filter and absorb rainwater,
reducing runoff and promoting groundwater recharge.

Uses: Primarily for landscaping and stormwater management.

Advantages: Enhances biodiversity, improves local water quality, and reduces
flooding.

Considerations: Requires space and planning, and it may not store water for long

periods.

4. Cisterns and Tanks

Description: Rainwater is collected and stored in large tanks or cisterns.
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How It Works: Rainwater from rooftops or other surfaces is filtered and stored in
large containers for later use.

Uses: Primarily used for irrigation, household needs, and even potable water if
properly treated.

Advantages: Easy to set up, can provide a large amount of water.

Considerations: Needs regular maintenance to prevent algae and mosquito breeding.

5. Check Dams and Small Reservoirs

Description: These are small-scale dams constructed across streams or small rivers to
capture and store rainwater during heavy rainfall.

How It Works: Water is diverted into small reservoirs, which can store water for
agricultural or drinking purposes.

Uses: Often used in rural or agricultural areas to provide irrigation water or replenish
groundwater levels.

Advantages: Useful in areas where surface water is plentiful.

Considerations: Expensive and may disrupt local ecosystems if not managed

properly.

6.Permeable Pavement Systems

Description: These systems allow rainwater to pass through pavement into an
underlying storage reservoir.

How It Works: Permeable materials like gravel or specialized concrete allow water
to percolate into the ground, reducing runoff and storing water underground.

Uses: Common in urban areas, especially for parking lots or walkways.

Advantages: Reduces flooding, improves groundwater recharge, and manages
stormwater sustainably.

Considerations: Initial installation costs can be high, and the system requires

maintenance to ensure permeability.

7. Swales and Trenches

Description: Shallow, vegetated ditches designed to slow and filter rainwater runoff.
How It Works: Water collects in the swale and infiltrates into the ground, with
vegetation helping to filter and clean the water.

Uses: Often used in landscaping and agricultural areas to manage runoff and improve
soil moisture.

Advantages: Simple to build and cost-effective.

Considerations: Requires space, and regular upkeep to prevent clogging.
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8. Underground Water Harvesting

» Description: Involves the storage of rainwater underground in tanks or aquifers.

« How It Works: Rainwater is collected and stored in underground cisterns or
reservoirs to prevent evaporation and contamination.

» Uses: Primarily for agricultural or urban water storage, and in areas where above-
ground storage is not practical.

« Advantages: Water is less susceptible to contamination and evaporation.

« Considerations: More expensive to install, and requires pumps to extract the water.

6.4 Feasibility of implementing rooftop rainwater harvesting in rural households:

Rooftop rainwater harvesting in rural households is highly feasible, offering a simple, cost-

effective, and sustainable solution to water scarcity, particularly in areas with unreliable

water sources, and can be adapted to various conditions.

Benefits:

Addresses Water Scarcity:

Rainwater harvesting provides a reliable, alternative water source, especially during
droughts or when groundwater levels drop.

Cost-Effective:

The technology is simple, adaptable, and can be implemented with locally available
materials, minimizing costs.

Sustainable:

Rainwater harvesting reduces reliance on conventional water sources, promotes
groundwater recharge, and minimizes environmental impact.

Improved Water Quality:

Rainwater is generally free from major impurities, making it a good source for drinking
and other household uses.

Reduced Water Bills:

By supplementing or replacing conventional water sources, rainwater harvesting can
lead to reduced water bills.

Time and Labor Savings:

Reduced water collection time and effort, especially for women and children, frees up
time for other activities.

Suitable for Scattered Settlements:
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The system is independent and therefore suitable for scattered settlements where
centralized water infrastructure is lacking.

o Groundwater Recharge:
In areas with excess rainfall, harvested rainwater can be used to recharge groundwater
through artificial recharge techniques.

Feasibility Factors:

o Rainfall Patterns:
The amount and predictability of rainfall are crucial for the success of a rainwater
harvesting system.

o Storage Capacity:
The size of the storage tank or reservoir needs to be adequate to meet the household's
water needs.

e Roof Area and Material:
A larger roof area and a roof material that is relatively clean and impermeable will
maximize rainwater collection.

e Maintenance:
Regular maintenance, including cleaning the catchment area and storage tanks, is
essential to ensure water quality and system reliability.

o Water Quality Considerations:
While rainwater is generally clean, it's important to consider potential contamination
from roof materials or debris and implement appropriate filtration and storage methods.

o Community Involvement and Education:
Successful implementation requires community participation and education about the
benefits and proper maintenance of rainwater harvesting systems.

o Government Support:
Government policies and incentives can play a crucial role in promoting the adoption of

rainwater harvesting.

7. CONTOUR TRENCHING:

Contour trenching in hilly regions offers significant advantages for water conservation
by reducing runoff, promoting water infiltration, and improving soil moisture retention,
ultimately enhancing agricultural productivity and mitigating flood risks.

Contour Trenching Works:
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Trenches are dug along the contours (lines of equal elevation) of the land, rather than
straight up and down the slope.

Creating Barriers:

These trenches act as barriers, slowing down the flow of rainwater and preventing it
from rushing downhill too quickly.

Promoting Infiltration:

By slowing the runoff, contour trenching allows more rainwater to soak into the soil,
replenishing groundwater and increasing soil moisture.

Reducing Soil Erosion:

The slowed water flow also reduces the erosive power of runoff, preventing soil loss

and maintaining fertile land.

7.1 Advantages of Contour Trenching for Water Conservation in Hilly Regions:

Reduced Runoff and Enhanced Water Infiltration:

Contour trenches effectively reduce surface runoff, allowing more rainwater to infiltrate
into the soil and recharge groundwater resources.

Improved Soil Moisture:

By promoting water infiltration, contour trenching increases soil moisture content,
which is crucial for crop growth, especially in dry periods.

Mitigation of Flood Risks:

By slowing down the flow of water, contour trenches help to reduce the risk of flash
floods downstream, protecting both human settlements and agricultural fields.

Reduced Soil Erosion:

The slowed water flow also reduces the erosive power of runoff, preventing soil loss
and maintaining fertile land.

Increased Groundwater Recharge:

The increased infiltration of water through contour trenches helps to recharge
groundwater aquifers, leading to a more sustainable water supply.

Improved Agricultural Productivity:

By ensuring adequate soil moisture and reducing soil erosion, contour trenching can
lead to increased crop yields and improved agricultural productivity.

Vegetation Growth:

The increased water availability and soil moisture can promote the growth of vegetation,
which further helps in soil conservation and water retention.

Microclimate Creation:
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The trenches can also create microclimates with increased humidity and reflected
sunlight, which can benefit plant growth.

o Water Availability for Livestock and Drinking:
The stored water can also be used for livestock and for drinking purposes.

8. SUBSURFACE BARRIERS/DYKES

Subsurface barriers or subsurface dykes refer to geological features that act as barriers or
obstacles within the Earth's crust, typically formed by the intrusion of magma or other
material. These features can have important implications for various geological and
engineering processes, including fluid flow, seismic activity, and the containment of
resources. Subsurface barriers generally refer to layers of rock or other material within the
Earth's crust that impede the movement of fluids or gases. These barriers may not always be
associated with magma intrusions (like dykes), but could include impermeable rock layers,

faults, or other geological features that block the passage of fluids.

8.1 CHARACTERISTICS AND TYPES
Subsurface Dykes:

Formation: Subsurface dykes are typically formed when magma intrudes into cracks or
fissures in the Earth's crust but doesn't reach the surface. The magma solidifies
underground, forming vertical or steeply inclined layers of igneous rock. These dykes can be
composed of basalt, granite, or other volcanic materials depending on the magma
composition.

Role as Barriers: These dykes can act as barriers to the movement of fluids, such as
water, oil, gas, or magma itself. This is because the solidified rock in the dyke is often
impermeable, restricting fluid flow and potentially preventing the migration of resources or
contaminants.

Detection and Study: Subsurface dykes can be detected through various geological
methods, such as seismic surveys, borehole drilling, or by studying rock outcrops where
parts of the dyke might be exposed. In some cases, they can also be identified by their
magnetic signature, as the material within the dyke may have different magnetic properties

than surrounding rocks.
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Types:

* Aquicludes: Impermeable rock layers (such as shale or clay) that prevent water from
passing through.

»  Faults: Certain faults, particularly those that are sealed or altered by mineralization, can
act as barriers to fluid movement.

« Salt Domes: In some regions, salt layers can act as barriers that trap hydrocarbons or
other fluids beneath them.

8.2 IMPORTANCE OF SUBSURFACE BARRIERS/DYKES

* Hydrocarbon Exploration: In the oil and gas industry, subsurface dykes and barriers
are of great importance because they can act as traps for hydrocarbons. Impermeable
layers may prevent the migration of oil or gas, leading to the formation of oil fields.

*  Groundwater Flow: Subsurface dykes and barriers can affect the movement of
groundwater, leading to the formation of aquifers or the restriction of groundwater flow. This
is significant for water resource management.

* Geothermal Energy: In geothermal regions, subsurface barriers can impact the
movement of geothermal fluids and heat, affecting the efficiency of geothermal energy
extraction.

* Environmental and Safety Considerations: In some cases, subsurface barriers or
dykes can act as natural containment structures, preventing the migration of contaminants

from industrial processes, waste disposal, or contamination from natural disasters like floods.
8.3 CONSTRUCTION OF SUB-SURFACE DYKES

« Site selection: The first step is to identify a suitable location. Ideal sites are those with
wide valleys and shallow impermeable layers. Geological surveys and hydrological
studies are often conducted to determine the best site.

* Design and planning: Once a site is selected, detailed designs and plans are prepared.
This includes calculating the required depth and length of the dyke, considering the soil
type, water flow, and other environmental factors.

» Excavation: The next step is to excavate the selected site to the required depth. This

involves digging trenches that will house the dyke.

Department of Civil Engineering, ATMECE, Mysuru Page 38



Water Conservation & Rain Water Harvesting BCV654A

 Construction: The actual construction involves placing impermeable materials like clay,
concrete, or plastic liners in the excavated trenches. These materials form the barrier that
prevents water from flowing downstream.

« Backfilling: After the barrier is in place, the trenches are backfilled with soil. This helps

to stabilize the structure and restore the natural landscape.
8.4 CASE STUDIES

« Karnataka: In the drought-prone regions of Karnataka, sub-surface dykes have been
constructed across several streams. These structures have significantly improved
groundwater levels, providing much-needed relief to farmers and local communities.

« Maharashtra: Similar initiatives in Maharashtra have shown promising results. Sub-
surface dykes in the state have helped in maintaining water levels in wells and boreholes,
ensuring a steady water supply for agricultural activities.

* Rajasthan: In the arid regions of Rajasthan, sub-surface dykes have been instrumental in
combating water scarcity. These structures have enabled the storage and efficient use of

rainwater, benefiting both agriculture and domestic water supply.
8.5 CHALLENGES AND CONSIDERATIONS

« Site selection: Identifying the right location is crucial for the effectiveness of sub-surface
dykes. Geological and hydrological studies are essential to ensure the selected site is
suitable.

» Construction quality: The quality of construction materials and techniques can
significantly impact the dyke’s performance. Proper planning and execution are vital to
ensure the structure’s durability and effectiveness.

* Maintenance: Regular maintenance is necessary to ensure the dyke continues to function
effectively. This includes monitoring water levels, inspecting the structure for any damage,
and making necessary repairs.

« Community involvement: Engaging local communities in the planning, construction, and
maintenance of sub-surface dykes can enhance their effectiveness and ensure long-term

sustainability.

9. FARM PONDING
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In rural areas, farm ponds serve as crucial water harvesting structures, collecting rainwater
for irrigation, livestock watering, and other agricultural needs, particularly in rainfed regions,

enhancing crop productivity and climate resilience.

Purpose:

« Farm ponds are dug-out structures designed to capture and store rainwater runoff,

acting as a reservoir for water supply during dry periods.

9.1 BENEFITS:
* Irrigation: Stored water can be used for supplemental irrigation, ensuring crops receive
adequate hydration even when natural water availability is low.
* Livestock: Farm ponds provide a reliable source of drinking water for farm animals,
especially during droughts.
» Groundwater Recharge: They can contribute to groundwater recharge by allowing water
to seep into the soil.
» Aquaculture: Some ponds can be used for fish farming, providing an additional source of
income and food.
 Climate Resilience: Farm ponds help farmers become more resilient to climate variability
and drought conditions.
* Increased Crop Productivity: By ensuring a consistent water supply, farm ponds can

lead to increased crop yields and multiple cropping cycles.

9.2 CONSTRUCTION

» Farm ponds are typically constructed in agricultural fields, with proper inlet and
outlet structures to control water flow.
» They are designed to collect surface runoff from the surrounding area.

» The size of the pond depends on the farmer's needs and the available land area.
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9.3 WATER LOSSES FROM PONDS

There are two main ways water leaves ponds:

(1) evaporation (through solar radiation and enhanced by wind speed) and

(2) seepage through the soil (dependent on soil properties of the edges and floor of the pond).

Please note that the latter can also be an asset as seepage recharges groundwater levels,

which can serve as a moisture source for crop production, next to irrigation.
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MODULE -3
GROUND WATER RECHARGE

1. INTRODUCTION

Groundwater recharge or deep drainage or deep percolationis a hydrologic process,
where water moves downward from surface water to groundwater. Recharge is the primary
method through which water enters an aquifer. Groundwater recharge is the downward
movement of water from the surface into the subsurface, replenishing the groundwater
supply.

evapotranspiration =

transpiration + evaporation

.

”~ Y
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Recharge

N\ | zone
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+«» Developing of artificial underground reservoir by artificial recharging for storing water
underground are called Recharging of underground water.
« It is quite advantages as compared to reservoirs and dams.
+« Ground water recharge is divided into two parts,

i) Natural Recharge — The process of recharge of ground water naturally is called
Natural recharge.

i) Artificial recharge — The practice of articially obstructing the flowing rainwater and
inducing its infiltration to increase the ground water reservoir are called artificial recharge.
It is carried out when natural recharge cannot fulfill the requirement throughout the year.
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2. NEED GROUNDWATER RECHARGE

1) The groundwater is to be used as a sustainable resource as surface water is inadequate to
meet our requirement.

2) Infiltration of rainwater into the sub-soil has decreased drastically and recharging of
groundwater has diminished due to rapid urbanization.

3) Over-exploitation of groundwater resource has resulted in decline in water levels in most
parts of the country

4) The availability of groundwater needs to be enhanced by conservation and storage of
excess surface water for future requirements.

5) The seawater entrance into the coastal areas needs to be checked due to over-pumping of
groundwater.

6) The groundwater quality (brackish/saline) needs to be improved.

7) The vegetative cover needs to be increased to improve the ecology of the area.

3. BENEFITS- GROUNDWATER RECHARGE
1) The cost of recharge to sub-surface reservoir is lower than the surface reservoirs.
2) An ideal solution of water problem in areas having inadequate surface water sources like
canals and lakes and village ponds.
3) Raises groundwater levels
4) Groundwater is not directly exposed to evaporation and pollution.
5) Mitigates the effects of drought and achieves drought proofing.
6) Reduces runoff, which chokes the storm water drains and also reduces flooding of roads
and parks etc.
7) Improves groundwater quality
8) Reduces soil erosion and
9) Saves energy in lifting ground water - one meter of rise in water level saves about 0.40
KWh of electricity.
NATURAL RECHARGE
+ Rain water enters the inside the soil through voids and the recharging process is a
natural process.
%+ The Conditions favorable for natural recharge are:
i) Sandy or permeable soil
i) Rocky strata with fractures

iii) Perennial rivers
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iv) Streams

v) Forest land

vi) Comparatively level land with less slope

CAUSES OF REDUCTION OF NATURAL RECHARGES

1.

Climate Change:

Increased temperatures and aridity can lead to reduced precipitation and increased
evaporation, directly impacting the amount of water available for infiltration and
recharge.

Precipitation:

Changes in rainfall patterns, including more frequent or intense droughts, can
significantly reduce the amount of water available for groundwater recharge.
Geological & soil condition:

The type of soil and underlying geology can influence how much water infiltrates into
the ground and how quickly it moves through the aquifer.

Vegetation:

The presence and type of vegetation can affect infiltration rates, with forests and
wetlands often having a greater capacity for water absorption and recharge than paved
or developed areas.

Urbanization: Paving over land, building impervious surfaces, and constructing
storm sewers can reduce the amount of rainfall that can infiltrate into the ground and
recharge aquifers.

Over-pumping of Groundwater:

Excessive extraction of groundwater for irrigation, industry, and domestic use can
deplete aquifers faster than they can be recharged, leading to declining water tables
and reduced recharge potential.

Land Use Changes:

Deforestation, draining wetlands, and agricultural practices that reduce soil
infiltration can all contribute to decreased groundwater recharge.

Pollution:

Contamination of surface water and groundwater can reduce the quality and
availability of water for recharge.

Agricultural Practices:
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Intensive irrigation, especially with inefficient methods, can lead to increased surface
runoff and reduced infiltration, hindering recharge.
ARTIFICIAL RECHARGE
Artificial groundwater recharge is a process by which the groundwater reservoir is
augmented at a rate exceeding under natural conditions of replenishment. Any man-made
scheme or facility that replenishes depleted aquifers may be considered as an artificial
recharge system/structure. It may be planned as in the case of pit or well drilled for the
purpose of storing water into an aquifer, or may be planned or unplanned or incidental to
human activity, as in the case of surface water irrigation. Most artificial recharge projects are
planned for the specific purpose of saving water or storing fresh water for its subsequent use
for domestic or irrigation purposes.
ARTIFICIAL RECHARGE TECHNIQUES

Artificial Recharge Practices

l

Surface Practices by constructing

? Sub-Surface Practices
ponds and percolation tanks Sub-Surface Practices

Countour Cement
Bunding/ Plugging/Nala Injection well i Recharge Dugwell
Tenching Bunding Shaft/Trench Recharge

1.

SURFACE METHODS

)} Ditch/ Furrows and Contour Bunds:

In areas with irregular and undulating topography, ditches/furrows or contour bunds are

constructed for recharging the groundwater. The furrow depth depends on the

topography and availability of wetted surface. Ditches should be shallow, flat bottomed

and closely spaced to obtain maximum contact area and should have adequate slope to

maintain flow speed to minimize sediment deposition. Contour bund is the most effective

method of conserving soil moisture in low rainfall areas like Rajasthan and suited to lands

with moderate slopes without involving terracing.
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Fig. 6.2: Contour bunds on hill slopes

i) Percolation tank/spreading basin

Percolation tank is an artificially created water body to enable surface runoff to percolate
and recharge the groundwater. These are the most prevalent structures in India to recharge
the groundwater reservoir both in alluvial as well as hard rock formation. These tanks are
water storage tanks with highly porous material as bottom surface material so that water
percolates into the ground very rapidly. They are designed for storage capacity of 30-60
million litre and located on highly fractured and weathered rock or boulder formations
which are ideal for recharge.

iii)  Check Dams, Cement Plug and Nala Bunds

Check dams are constructed across small streams with gentle slope. The water stored is
mostly confined to stream course with height normally less than 2m. These are designed
based on stream width and excess water is allowed to flow over the wall. To harness the
maximum runoff in the stream, a series of such check dams can be constructed to have
recharge on regional scale. Nala bunds which act as mini percolation tanks are constructed
across bigger nalas. Minimum and maximum nala bed width should be 5 and 15 m
respectively with 1 m minimum depth of bed.

iv)  Gabion Structure

This is a kind of check dam commonly constructed across small streams. The boulders
locally available are stored in a steel wire. The height of gabion structure is around 0.5 m

and is normally used in the streams with width of about 10 to 5 m.
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1. Site Preparation:

Leveling: The area where the gabion structure will be placed needs to be leveled to ensure
a stable foundation.

Filter Fabric: A filter fabric may be installed to prevent soil from migrating into the

gabion voids while allowing water to drain.

Gravel Filter (optional): Depending on the design, a layer of gravel filter may be added
beneath the filter fabric.
2. Gabion Basket Assembly:

Unfolding and Binding: Gabion baskets are pre-assembled, rectangular cages made of

double-twisted steel woven wire mesh.

Vertical Edge Binding: Vertical edges of the baskets are bound together with connecting
wire, and then the baskets are placed in position.

Interconnecting: Empty baskets are interconnected with lacing wire or spirals, creating a

network of connected cells.

Anchoring: The first end of the gabion structure is secured to the ground with anchors.
3. Filling with Rocks:

Lifts: Rocks are placed in the gabion baskets in lifts, generally no more than 12 inches high

for smaller baskets.

Hand Manipulation: After each lift, the rocks are hand-manipulated to minimize voids and

maximize density.

Exposed Faces: Rocks in exposed vertical faces are hand-placed to reduce voids and

improve the appearance.

Internal Ties: Internal ties are installed to connect the front and back faces of the gabion.

4. Connecting and Completing the Structure:

Lacing: Adjacent baskets are laced together to create a stable structure.

Staggering: Vertical joints between baskets in adjacent rows and layers are staggered to

increase stability.

Final Touches: The structure is finished by securing the top and bottom edges of the gabion

to the ground and connecting it to adjacent structures.
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2. SUB-SURFACE METHODS
)] Dug Well Recharge

In alluvial as well as hard rock areas of India, there are a number of abandoned dug wells
which have either dried up or the water levels have declined considerably. These can be
used as recharge structures after proper cleaning. The storm water, tank water or canal water

can be diverted to these structures to directly recharge the dried aquifers.

1.  Well Selection: Identify existing or abandoned dug wells that are structurally sound and

free from contamination.

2.  Water Collection: Collect rainwater or surface water from rooftops, roads, or other

areas.
3. Filtration: Filter the collected water to remove debris, silt, and contaminants.

4. Recharge: Direct the filtered water into the well through pipes or channels, allowing it
to percolate into the ground and recharge the aquifer.

Benefits of Dug Well Recharqge:

e Groundwater Replenishment: Helps replenish groundwater levels, ensuring a more

sustainable water supply.

o Cost-Effective: Utilizing existing wells is a cost-effective way to recharge

groundwater.

e Erosion and Pollution Prevention: Prevents erosion and potential pollution by

directing water into the ground.

« Suitable for Hard Rock and Alluvial Regions: Works effectively in both hard rock
and alluvial areas where wells have dried up.

i) Recharge pits and trenches

Recharge pits are constructed for recharging the shallow aquifers which means sand is
generally present from the surface. In hard rock areas, the surface soil and weathered
formation is suitable for construction of pits and ditches. These are constructed 1 to 2 m
wide and 2 to 3 m deep and are backfilled with boulders, gravels and coarse sand.

Recharge Pits:
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. Design: Recharge pits are typically circular, square, or rectangular in shape,

constructed in areas where sandy formations are found within 1-2 meters of the ground

surface.
. Dimensions: They are generally 1-2 meters wide and 2-3 meters deep.
. Backfilling: After excavation, the pits are refilled with layers of graded materials

like pebbles, gravel, and coarse sand, with boulders at the bottom.

. Suitable for: small buildings with rooftops up to 100 square meters and areas with
shallow sandy aquifers.

. Maintenance: Regular cleaning of the pit is necessary to maintain recharge rates.

Recharge Trenches:

. Design: Recharge trenches are also designed to capture and infiltrate rainwater but
have a different shape and size compared to recharge pits.

. Dimensions: They are typically 0.5-1 meter wide, 1-1.5 meters deep, and 10-20

meters long, depending on the amount of water available.

. Backfilling: Trenches are also backfilled with graded materials like boulders,

gravels, and coarse sand.

. Suitable for: Buildings with larger rooftop areas (200-300 square meters) and areas

with permeable strata at shallow depths.

. Maintenance: The top layer of sand needs to be cleaned periodically to maintain
recharge rates

(a) (b)

Fig. 6.6: (a) Recharge pit and (b) Recharge trench along the house
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iii) Recharge shaft

These are the most efficient and cost-effective structures to recharge the aquifer directly.
Manually dug recharge shafts are generally round and wide in nature. The diameter of shaft
should normally be more than 2 m to accommodate more water and avoid eddies in the well.
Recharge shafts are engineered structures designed to facilitate groundwater recharge by
allowing rainwater or other surface water to infiltrate into the ground. They are essentially
open wells filled with filter materials, like boulders and gravel, to allow water to pass

through while preventing soil from clogging.

. Purpose:

Recharge shafts aim to replenish groundwater aquifers, especially in areas where natural

recharge is limited or slow.
. Construction:

They are typically circular, rectangular, or square in shape, with diameters ranging from 1

to 3 meters and depths varying from 2 to 12 meters, depending on the local geology.
. Filter Materials:

The shaft is filled with layers of graded filter media, including boulders, coarse gravel, and

fine gravel, to remove silt and other suspended particles from the water.
. Recharge Process:

Water is allowed to flow into the shaft, where it percolates through the filter media and into

the ground, eventually reaching the groundwater aquifer.

. Benefits:

Recharge shafts can be an efficient and cost-effective way to recharge groundwater,
particularly in areas with poorly permeable soil layers or where village ponds are
struggling to recharge aquifers, says Vikaspedia. They can also help improve groundwater

quality by diluting pollutants.
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Fig. 6.7: Recharge shaft

iv) Recharge through Injection Wells

Injection wells similar to tube wells are used for augmenting the groundwater storage of a
confined aquifer by pumping treated surface water under pressure. The injection wells are
advantageous when land is scarce. In alluvial regions, injection well can be used for
recharging a single aquifer or multiple aquifers. Injection wells are a form of artificial
groundwater recharge where treated surface water is pumped into deep aquifers under
pressure. This method is particularly useful in areas where land is scarce or where aquifers
are over-exploited and may have a confining layer, preventing natural recharge. Injection

wells can also help prevent saltwater intrusion in coastal areas.
Process:

1. Treatment: Surface water, such as rainwater, is treated to remove impurities like

suspended solids and bacteria.
2. Injection: The treated water is pumped into a well drilled down into an aquifer.

3. Storage: The water is stored within the aquifer, effectively increasing groundwater

storage.

4. Withdrawal:
The water can be later withdrawn from the same well or a nearby well for use during dry

periods.
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Advantages of injection wells:

e High Recharge Rate: They can achieve relatively high recharge rates compared to other
methods like surface recharge.

o Space Efficiency: They require less land area than surface recharge methods.

o Suitable for Confined Aquifers: They can recharge aquifers that are not naturally

recharged due to confining layers.
o Coastal Protection: They can help to prevent saltwater intrusion in coastal areas.

o Land Subsidence Prevention: They can help to maintain aquifer pressure, which can

prevent land subsidence.
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Fig. 6.8: Recharge through injection well

4. FACTORS AFFECTING GROUND WATER RECHARGING
1. Precipitation:

= Amount and Intensity: The amount and intensity of rainfall or snowfall are crucial for

recharge. More rainfall generally leads to greater recharge.
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= Timing: The timing of precipitation also matters. Early spring rains are often

particularly effective in recharging aquifers.
2. Soil and Rock Permeability:

* Permeability: The ability of soil and rock to allow water to pass through it
(permeability) is a key factor. Highly permeable materials allow faster recharge.

» Soil Type: Sandier soils, for example, allow water to move more quickly through the

soil profile than other soils.

* Geology: The underlying geology, including the type of rock and its porosity, also

influences recharge.
3. Land Use and Land Cover

* Urbanization: Urbanization, with its paved surfaces and buildings, can reduce the
amount of water that infiltrates into the ground.

» Deforestation: Deforestation can also reduce recharge by removing vegetation that

would otherwise help to retain water in the soil.

« Agriculture: Agricultural practices, such as irrigation, can affect groundwater
recharge, both positively and negatively depending on the specific practices.

5. THE EFFECT OF SOIL TYPE AND PERMEABILITY ON GROUNDWATER
RECHARGE RATES:

Groundwater recharge is the process through which water from precipitation, rivers, or
other surface sources infiltrates the soil and moves downward to replenish underground
aquifers. The rate of groundwater recharge is influenced by a number of environmental

factors, but among the most significant are the type of soil and its permeability.

Soil is composed of varying proportions of sand, silt, and clay. The specific combination of
these particles in a given area defines the soil texture. Different soil textures have different
capacities to absorb, retain, and transmit water, which in turn affects the rate of groundwater

recharge.
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Common Soil Types and Their Characteristics:

SANDY SOILS

e Texture: Coarse-grained, loose particles.

o Pore Spaces: Large and well-connected.

o Water Movement: Water infiltrates very quickly due to the large pore spaces.

o Recharge Impact: High potential for groundwater recharge, but because water
moves so fast, some of it might pass beyond the root zone too quickly to be used by

plants or stored efficiently in shallow aquifers.
CLAY SOILS

o Texture: Fine-grained and sticky when wet.

o Pore Spaces: Very small and compacted.

o Water Movement: Infiltration is extremely slow. Water tends to accumulate on the
surface or in the upper layers.

e Recharge Impact: Low recharge rates. Water movement is restricted, leading to

more surface runoff or evaporation rather than downward percolation.
SILTY SOILS

o Texture: Intermediate between sand and clay.
o Water Movement: Moderate infiltration but prone to compaction.
o Recharge Impact: Can be favourable under the right conditions, but compaction and

poor structure can limit recharge.
LOAMY SOILS

e Texture: Balanced mix of sand, silt, and clay.
o Water Movement: Allows moderate to good infiltration and retention.
e Recharge Impact: Often considered the most ideal for groundwater recharge

because it balances water infiltration and retention.

2. Soil Permeability: Permeability refers to the soil’s ability to allow water to pass through it.

It depends on both the size of the pores between soil particles and the connectivity of these
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pores. Soils with high permeability allow water to move through quickly. Soils with

low permeability retain water or prevent it from infiltrating effectively.

Factors Affecting Soil Permeability:

Soil Structure: Well-aggregated soils (where particles clump into stable granules)
have better permeability.

Compaction: Heavily compacted soils (e.g., from heavy machinery or livestock)
have reduced pore spaces and significantly lower permeability.

Organic Content: Organic matter can improve soil structure, enhancing permeability
and infiltration.

Biological Activity: Root channels, earthworms, and other organisms create

pathways for water movement.

Examples:

Gravel and Coarse Sand: Extremely high permeability, water moves rapidly—often
used in artificial recharge systems.
Clay or Shale Layers: Very low permeability, often act as barriers or aquitards that

prevent water from moving deeper into aquifers.

Interaction Between Soil Type and Permeability

Soil type and permeability are closely related, but they are not identical. For instance, a

sandy soil typically has high permeability, but if it’s cemented with minerals or compacted,

its permeability can be reduced. Likewise, a clay soil may sometimes allow water to pass

through cracks or macropores if it has been dried and fractured, though this is inconsistent.

Thus, even within the same soil type, the permeability can vary widely based on soil

condition, management practices, and land use history.

Influence on Groundwater Recharge

When rain or surface water is applied to the land surface:

1.

In high-permeability soils, water infiltrates quickly and moves downward, often

reaching groundwater reservoirs efficiently.
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2. In low-permeability soils, water infiltrates slowly or not at all, leading to more

surface runoff, erosion, or evaporation, and less groundwater recharge.
Recharge Efficiency is Affected By:

« Infiltration Rate: How quickly water can enter the soil.

e Percolation Rate: How quickly water moves down through the soil profile.

e Water Retention: How long the water stays in the soil to be absorbed or move
deeper.

e Soil Moisture Levels: Dry soils may absorb more initially, while saturated soils lead

to runoff.

6. SUSTAINABLE WATER MANANGEMENT

Sustainable water management is about using water in ways that meet current needs without
compromising the ability of future generations to also meet their needs. It involves a
combination of water conservation, protection of water sources, and efficient use of water

resources to ensure a sustainable supply for all.

e Efficiency: Using water wisely and minimizing waste through measures like improved

irrigation techniques, water-efficient appliances, and leak detection.

o Conservation: Protecting water sources like rivers, lakes, and groundwater from

pollution and overuse, and promoting responsible water use practices.

e Equity: Ensuring fair access to water for all people, including those in vulnerable

communities, and addressing inequalities in water access.

« Resilience: Managing water resources in a way that can withstand the impacts of climate

change, such as droughts and floods, and building resilience in water systems.

« Collaboration: Involving different stakeholders, including government agencies, water

utilities, businesses, and the public, in water management planning and decision-making.

Integrating traditional knowledge with modern technology for sustainable water
management can lead to more resilient, inclusive, and effective solutions. Traditional
practices often reflect deep understanding of local ecosystems, while modern technology

brings precision, scalability, and data-driven decision-making.
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7. Traditional Knowledge in Water Management

Traditional methods are usually based on centuries of local experience, such as:

o Rainwater harvesting (e.g., kunds, johads, zings)

e Terracing and contour bunding to prevent soil erosion and runoff

e Sacred groves or water bodies protected through cultural beliefs

e Use of natural indicators (plants, animal behavior) to forecast weather or water
availability

« Indigenous irrigation systems (e.g., ganats, aahar-pyne, phad systems)

Modern Technology Can Integrate with,

1. GIS & Remote Sensing:

o Map traditional water structures and watershed areas

o Monitor water levels, soil moisture, and climate trends to enhance traditional practices

2. 1oT Sensors:

o Install sensors in traditional tanks or canals to monitor water quality and usage in real-
time

o Track leakages or blockages in ancient irrigation systems

3. Data Analytics & Al:

o Analyze long-term patterns of traditional knowledge (like rainfall cycles remembered by
elders)

o Use Al to optimize irrigation schedules based on both local calendars and satellite
weather data

4. Mobile Apps & Community Platforms:

o Share traditional knowledge digitally with younger generations

o Provide weather forecasts and water-saving tips in local languages

5. Decentralized Water Management:

o Empower local communities with tools like blockchain for water rights and usage
tracking

o Enable participatory governance by combining local wisdom and scientific tools

6. Reviving and Retrofitting Traditional Systems:

o Restore old water bodies using modern equipment, materials, and techniques

o Combine traditional harvesting with new filtration or storage tech for safe drinking water.
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REAL-WORLD EXAMPLES

e In Rajasthan (India), traditional johads have been restored using GPS mapping and
community participation.

e Andean farmers use ancient amunas (stone canals) alongside modern drip irrigation
systems.

o Australia’s Indigenous rangers blend traditional ecological knowledge with drones and

sensors to monitor waterholes and wetlands.

BENEFITS OF INTEGRATION

« Resilience to climate change

e Cultural preservation

e Low-cost and community-driven

« Environmentally friendly

« Increased local ownership and sustainability

8. TRADITIONAL WATER SYSTEMS

Traditional water systems like stepwells, tanks, and johads are brilliant examples of
indigenous engineering that promote sustainable water conservation, especially in regions
prone to water scarcity. These systems were designed based on local climate, geography, and
social needs, making them highly effective even today.

1. Stepwells (e.g., baolis, vavs)

Structure: Deep wells with steps leading down to the water, common in arid regions like

Rajasthan and Gujarat.

Water Storage: Collect rainwater and seepage from the ground, storing it deep underground
where evaporation is minimal.

Groundwater Recharge: Water from surrounding areas percolates down, helping recharge
aquifers.

Temperature Regulation: Underground design keeps water cool and usable even during hot
summers.

Community Use: Served as social and spiritual spaces, promoting community participation

in water management.
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2. Tanks (e.g., Eris in Tamil Nadu, temple tanks)

Structure: Man-made reservoirs, often part of a larger irrigation and temple system.

Rainwater Harvesting: Catch and store runoff  during monsoons.
Groundwater Recharge: Allow slow seepage of water into surrounding soil and aquifers.
Flood Control: Help absorb excess rainwater and reduce downstream flooding.
Ecosystem Support: Maintain biodiversity and serve as water sources for livestock, birds,

and wildlife.

3. Johads (small earthen check dams in Rajasthan)

Structure: Small embankments built to capture and hold rainwater.

Recharge Wells and Aaquifers: Increase groundwater levels in surrounding wells.
Prevent Runoff and Soil Erosion: Slow down water flow, encouraging percolation.
Drought Resilience: Ensure  water  availability  during  dry  periods.
Low-Cost, Community Built: Easy to construct with local materials and labour.

Common Benefits Across These Systems
Benefit Description

Rainwater Harvesting  Capture and store rainwater during seasonal rainfall
Groundwater Recharge Slow percolation into the ground boosts water tables
Ecological Balance Create micro-climates, support vegetation and biodiversity
Community Involvement Local participation ensures upkeep and cultural connection
Cost-Effective Built using local materials with minimal machinery
REVIVING TRADITIONAL SYSTEMS IN PRESENT CONDITION

e Urban areas are reviving stepwells as public spaces and water reservoirs.
e Rural water conservation programs use traditional tank models combined with
modern check dams.

e Policy support is increasing for community-led water resource management.
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9. CALCULATION OF AVAILABLE RAIN WATER FOR HARVESTING

Step 1: Gather Necessary Data

1. Average Annual Rainfall: Research the average annual rainfall in your location. You can
find this information from weather databases or local climate reports.

2. Catchment Area: Determine the area of the surface from which you will collect rainwater

(e.g., roof area) in square meters (m?).

3. Runoff Coefficient: The runoff coefficient accounts for the amount of rainwater that
actually flows off the surface and into the collection system. It varies depending on the

surface material (e.g., concrete, metal, tile).

= Concrete Roof: 0.70-0.80

= Metal Roof: 0.90

= Tile Roof: 0.75

= Asbestos Roof: 0.80

= General Rule of Thumb: 0.8 for most situations.
Step 2: Apply the Formula

O Volume of Harvested Water (in cubic meters, md):

Volume = (Average Annual Rainfall (mm), Catchment Area (m?), and Runoff Coefficient) /
1000

O Example
Let's assume
= Average annual rainfall in Arakere is 800 mm
= Catchment area (roof) is 100 m?
= Runoff coefficient for a concrete roof is 0.75

U Calculation:
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= Volume = (800 mm * 100 m2 * 0.75) / 1000 = 60 m3

Therefore, you could potentially harvest 60 cubic meters of rainwater annually from that

roof.
Step 3: Converting to Liters

O 1 cubic meter (m3) = 1000 liters (L)

O In the example above, 60 m3 = 60,000 L
Step 4: Considerations

U Evaporation: Some water will evaporate from the collection surface and storage tank,

so factor in a small loss.

O First Flush: The first flush of rainwater may contain pollutants, so consider routing

this water away from the collection system.

U Tank Size: Determine the size of the rainwater tank needed to store the harvested

water.

O Water Demand: Estimate your water usage to ensure the harvested water meets your

needs.
U Local Conditions: Consider the specific climate and rainfall patterns in your area.
10. DESIGN OF RAIN WATER HARVESTING STRUCTURE

To design a rainwater harvesting structure as per 1SO standards, you'll need to consider
factors like catchment area, rainfall data, water demand, storage capacity, and
filtration/treatment needs, following relevant 1SO standards and guidelines.

1. I1SO Standards and Guidelines:

= |SO 14001: This standard focuses on environmental management systems, which can

include rainwater harvesting as a component of a broader water management strategy.

= Other Relevant Standards: Look for standards related to water quality, storage tank
design, and filtration systems, depending on the specific application of the harvested

rainwater.
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= Local Regulations: Ensure your design complies with any local building codes or

regulations regarding rainwater harvesting.
2. Key Design Parameters:

= Catchment Area: Determine the surface area that will collect rainwater (e.g., rooftop,

paved area).

= Rainfall Data: Collect local rainfall data (annual rainfall, rainfall intensity, etc.) to

estimate the amount of water available for harvesting.

=  Water Demand: Assess the amount of water needed for the intended use (irrigation,

domestic purposes, etc.).

= Storage Capacity: Calculate the required storage volume based on rainfall data, water

demand, and storage efficiency.

= Filtration and Treatment: Determine the necessary filtration and treatment methods to

ensure water quality for the intended use.

= Conveyance System: Design the gutters, downspouts, and pipes that will transport the

rainwater from the catchment area to the storage tank.

= Storage System: Design the storage tank (e.g., underground tank, above-ground tank)

considering its capacity, material, and durability.

= Water Quality: Ensure the harvested water meets the required quality standards for its

intended use.
3. Design Steps:

= Site Assessment: Evaluate the site's characteristics, including topography, soil type,

and existing infrastructure.

= Catchment Area Calculation: Measure the area of the rooftop or other surfaces that

can be used for rainwater collection.

= Rainfall Data Analysis: Analyze local rainfall data to determine the average annual
rainfall and rainfall intensity.
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Water Demand Estimation: Determine the amount of water needed for the intended

use of the harvested rainwater.

Storage Capacity Calculation: Calculate the required storage volume based on rainfall

data, water demand, and storage efficiency.

Filtration and Treatment Design: Choose appropriate filtration and treatment methods

to ensure water quality.

Conveyance System Design: Design the gutters, downspouts, and pipes that will

transport the rainwater.

Storage Tank Design: Design the storage tank considering its capacity, material, and

durability.

System Layout: Plan the overall layout of the rainwater harvesting system, including

the catchment area, conveyance system, storage tank, and distribution network.

Construction and Installation: Construct and install the rainwater harvesting system

according to the design specifications.

Monitoring and Maintenance: Regularly monitor the performance of the system and

perform necessary maintenance.

11. Problems -Refer notes
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MODULE -5
SUBSURFACE INVESTIGATION OF GROUNDWATER

1. INTRODUCTION

Subsurface investigation of water, also known as subsurface hydrology, involves studying
and characterizing water located below the Earth's surface, including soil moisture,
groundwater, and the vadose zone. This type of investigation is crucial for understanding
groundwater resources, water quality, and the impact of human activities on subsurface

water.

Additional
wet-season
saturation

Year-round

saturation Wet-season

water table

Layer of soil moisture
Dry-season

Zone of aeration water table

Wet season water table

Saturated zone -

Subsurface investigation of groundwater generally involves two main approaches: test
drilling and borehole geophysical logging. Test drilling provides direct observations of
subsurface formations, while geophysical logging uses sensors to measure physical

properties like resistivity, natural radiation, and temperature.

2. NECCESSITY OF SUBSURFACE INVESTIGATION OF GROUND WATER
A. Groundwater Assessment:
* Location and Extent: Subsurface investigations help determine the spatial
distribution and boundaries of groundwater resources.
* Quality: They assess the chemical and physical characteristics of groundwater,

including contaminants and its suitability for various uses.
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*  Quantity: They evaluate the amount of water available in aquifers and its recharge
rates.
*  Movement: They help understand how groundwater moves through the subsurface,

influencing water availability and quality.

B. Understanding Aquifer Characteristics:

* Permeability and Porosity: Subsurface investigations help determine how readily
water can flow through different rock formations and how much water they can
store.

« Lithology and Stratigraphy: They reveal the composition and layering of subsurface
materials, which is essential for understanding aquifer structure and water
movement.

* Hydraulic Conductivity: They assess how easily groundwater flows through the

aquifer, influencing well yields and water availability.

C. Construction and Geotechnical Engineering:

«  Site Suitability: Subsurface investigations assess the stability and suitability of the
ground for construction projects, identifying potential hazards like landslides or
expansive soils.

* Foundation Design: They provide information on soil and rock properties, allowing
engineers to design safe and economical foundations.

» Construction Planning: They guide excavation, dewatering, and ground

improvement strategies, optimizing construction efficiency and safety.

D. Environmental Assessment:
« Contamination Pathways: They help identify how contaminants might move
through the subsurface, aiding in environmental remediation and management.
» Pollution Sources: They can pinpoint the origins of groundwater pollution, allowing
for targeted remediation efforts.
* Geologic Hazards: They identify potential geologic hazards that could impact the
environment, such as sinkholes or landslides.

E. Sustainable Water Resource Management:
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* Recharge Assessment: Subsurface investigations help determine how aquifers are
recharged, enabling more informed decisions about water use and management.

« Water Balance: They contribute to a better understanding of groundwater flow
systems and water balance, allowing for sustainable management practices.

» Conflict Resolution: They can help resolve conflicts over water use by providing a

more accurate assessment of groundwater resources.

3. TYPES OF SITE INVESTIGATION

Site investigations can be broadly categorized into desktop studies, field investigations,
laboratory testing, and environmental assessments. These investigations help assess the
suitability of a site for construction or other purposes by gathering information about the

geological, geotechnical, and environmental conditions.

”"“’ ""ﬁ“' ———  Visit the site
Surface site <
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Direct
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4. GEOPHYSICAL METHODS OF SUBSURFACE INVESTIGATION

Geophysical methods are powerful, non-invasive techniques that use principles of physics to
study the Earth's subsurface, providing valuable insights into geological structures,
material properties, and potential resources. It is a detailed and comprehensive study of
ground water and conditions under which it occurs. It provides information about location,
thickness, composition, permeability and yield of an aquifer. It also provides information

about the location, movement, and quality of ground water. These methods are crucial for
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various applications, including resource exploration (e.g., oil, gas, minerals, groundwater),

environmental studies, Civil Engineering projects, and even archaeological investigations.
1. SEISMIC METHODS:

Seismic methods are one of the most widely used subsurface geophysical techniques for
exploring underground structures. These methods are based on the propagation of seismic
(elastic) waves through the Earth’s subsurface and are primarily used in applications such
as oil and gas exploration, mineral prospecting, groundwater investigations, and
geotechnical studies. Seismic methods work on the principle of generating seismic waves at
the surface and measuring the time it takes for these waves to travel through subsurface

materials and return to surface detectors.

Two Main Types of Seismic Waves

o Body Waves:
o P-waves (Primary waves): Compressional waves that travel fastest.
o S-waves (Secondary waves): Shear waves, slower and cannot travel through

fluids.

o Surface Waves:
o Travel along the Earth's surface and include Rayleigh and Love waves.
o More sensitive to shallow features and used in some seismic techniques.

Types of Seismic Methods

A. Seismic Refraction: Measures the velocity of seismic waves to identify subsurface layer

boundaries and depths.

Applications:

e Mapping bedrock depth

« Investigating groundwater tables

« Site characterization for construction
B. Seismic Reflection: Creates images of subsurface structures by analyzing reflected
seismic waves, useful for mapping geological formations and identifying potential

resources like oil and gas.

DATA INTERPRETATION:
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e Travel-time curves: Used in refraction surveys to calculate depth and velocity of
subsurface layers.

e Seismic sections: Created in reflection surveys to image geologic features.

¢ Velocity models: Show how wave speed changes with depth, which is linked to rock type

and condition.

ADVANTAGES:
e Penetrate deep into the subsurface (especially reflection methods).

e Provide detailed images of layering, faults, and interfaces.
e Non-invasive and relatively fast.

e Useful in both land and marine environments.

LIMITATIONS
o Cost: High, especially for deep or large-scale reflection surveys.

o Complexity: Requires skilled personnel and advanced data interpretation.
o Resolution: Refraction methods have lower resolution compared to reflection
methods.

o Noise sensitivity: Urban or industrial noise can interfere with data quality.

2. Electrical Methods: Measures the electrical resistance of the ground to determine
subsurface lithology, porosity, and fluid content, particularly useful for groundwater
exploration. Measures the induced voltage in the ground to detect variations in subsurface
electrical properties, often used to identify mineral deposits.

Electrical resistivity methods are based on Ohm’s Law, which states that:

- L

R=—

Where:

RRR = resistance (ohms), p = resistivity of the material (ohm-meters), L = length of the

conductor, A= cross-sectional area

The method works by:
« Injecting an electric current into the ground using current electrodes.

« Measuring the resulting voltage difference between potential electrodes.
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o Calculating the apparent resistivity of subsurface materials based on the observed
voltage and current.
Different earth materials (e.g., clay, sand, rock, water) have different resistivities, which
helps identify subsurface features.

TYPES OF ELECTRICAL RESISTIVITY METHODS

A. Vertical Electrical Sounding (VES)
o Measures resistivity changes with depth at a single location.

o Useful for determining layer thicknesses and resistivity profiles.

Applications:
e Groundwater exploration
« Soil and bedrock profiling
e Geotechnical site investigation

B. Electrical Resistivity Tomography (ERT)
e Provides a 2D or 3D image of the subsurface by taking measurements at multiple

electrode positions.
« More advanced and detailed than VES.
Applications:
« Mapping contamination plumes
o Locating fractures, voids, and buried objects

e Monitoring leachate in landfills

C. Profiling or Lateral Resistivity Surveys
o Measures resistivity variations horizontally along a line.

e Good for detecting lateral changes in geology or buried features.

Applications:

e Archaeological surveys
e Detecting faults and dikes

e Soil variability studies
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FIELD SETUP AND COMPONENTS
Equipment Used:
o Electrodes: Placed in the ground—two for current injection (C1 and C2), two for
voltage measurement (P1 and P2).
o Resistivity meter: Measures current and voltage, calculates apparent resistivity.
o Cables and switches: Used to connect electrodes and manage multiple measurements

automatically in ERT.

Electrode Configurations:
« Wenner array: Good for vertical profiling, easy to use.

e Schlumberger array: More sensitive to deeper layers, fewer electrode movements.
o Dipole-Dipole array: High resolution, used in ERT.
e Pole-Dipole and Pole-Pole arrays: Suitable for deeper investigations but more

noise-sensitive.

INTERPRETATION OF DATA
o The data is initially presented as apparent resistivity values.

e InVES, resistivity is plotted against electrode spacing (depth).
e In ERT, software is used to invert the data and create a resistivity model showing the
subsurface resistivity distribution.
e Low resistivity typically indicates:
o Clays
o Moist or saturated zones
o Contaminated groundwater
o High resistivity indicates:
o Drysand or gravel
o Bedrock

o Void spaces or air-filled cavities

ADVANTAGES
e Non-destructive and relatively low cost.

o Effective for shallow to moderate depth investigations (typically up to 100 m).
« Can differentiate between water-bearing and non-water-bearing zones.
o Helps identify contaminants, voids, and buried objects.

e Can be deployed in both rural and urban environments.
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LIMITATIONS
e Sensitive to ground moisture and temperature changes.

e Clay-rich soils may mask features due to low resistivity.
o Contact resistance issues in dry or rocky terrain can affect data quality.
o Interpretation requires expertise and inversion software.

o Depth of investigation is limited by electrode spacing and power.

3. Magnetic Methods: Measures variations in the Earth's magnetic field to identify
subsurface structures, particularly those with magnetic minerals, like basalt plugs or mineral
deposits. Magnetic methods are a type of passive geophysical technique used to
investigate subsurface features by measuring variations in the Earth's magnetic field. These
variations are caused by differences in the magnetic properties of underground materials,
particularly the concentration of ferromagnetic minerals like magnetite, hematite, and

pyrrhotite.

Magnetic methods work on the principle that certain rocks and minerals have natural
magnetism or can be magnetized by the Earth's magnetic field. These materials distort the
ambient magnetic field, creating anomalies that can be detected and interpreted. The
Earth's magnetic field is relatively uniform, but local variations (anomalies) are caused by
magnetic materials underground. Magnetic anomalies reflect the location, size, depth, and

composition of subsurface bodies.

MAGNETIC PROPERTIES OF ROCKS AND MINERALS

e Ferromagnetic materials (e.g., magnetite): Strong magnetic response.
e Paramagnetic materials (e.g., olivine, pyroxene): Weak magnetic response.
e Diamagnetic materials (e.g., quartz, calcite): Slightly repel magnetic fields.

MAGNETIC SURVEY TECHNIQUES

A. Ground Magnetic Surveys
o Magnetometers are carried across the survey area along regular grids or profiles.

e Used for detailed, high-resolution mapping.

B. Airborne Magnetic Surveys

o Conducted using magnetometers mounted on aircraft or drones.
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« Suitable for large-area regional mapping and reconnaissance exploration.

C. Marine Magnetic Surveys
o Magnetometers are towed behind ships to detect underwater magnetic anomalies.

Equipment Used
o Magnetometers: Instruments that measure the intensity of the magnetic field.
o Types include:
= Proton Precession Magnetometer
= Fluxgate Magnetometer
= Cesium Vapor Magnetometer
o Base Station Magnetometer: Measures background variations in the Earth's

magnetic field for correction.

Data Processing and Interpretation

Raw data must be corrected for:
e Diurnal variations (daily fluctuations in the Earth's magnetic field)
e Magnetic storms
e Topographic and altitude changes

Processed Data Outputs:
« Magnetic anomaly maps: Highlight regions of magnetic contrast.
o Total magnetic intensity (TMI) maps
o Derivative maps (e.g., vertical derivatives to sharpen anomaly edges)

o 3D Modeling for depth and shape estimation

Field Use Case Example

Mineral Exploration Locating magnetite-rich ore bodies (e.g., iron, nickel)

Oil & Gas Mapping basement structures beneath sedimentary basins
Archaeology Detecting buried walls, kilns, or hearths

Environmental kocating buried drums, tanks, or metallic waste
Geotechnical Mapping igneous intrusions, faults, and dikes

Volcano Monitoring Identifying magma chambers and volcanic features
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ADVANTAGES OF MAGNETIC METHODS
o Fast and cost-effective, especially over large areas.

« Non-invasive and passive—no energy source is needed.
o Sensitive to both deep and shallow magnetic features.

e Works well in remote or difficult terrain (e.g., airborne surveys).

LIMITATIONS
o Only effective where there is a contrast in magnetic properties.

« Cannot detect non-magnetic materials (e.g., limestone, clay).
« Interpretation can be ambiguous—requires integration with other data (e.g.,
geological mapping, resistivity).

o Affected by cultural noise (e.g., power lines, metal fences, vehicles).

4. Gravity Methods: Measures variations in the Earth's gravitational field to identify
subsurface density variations, which can indicate the presence of geological structures or
buried features. These methods are widely used in geological mapping, mineral and oil

exploration, geotechnical investigations, and groundwater studies.

The Earth's gravitational field is not uniform everywhere. Local variations, known as
gravity anomalies, are caused by differences in the density of rocks and structures beneath

the surface.

INSTRUMENTS AND SURVEY TYPES
A. Gravimeters
« Highly sensitive instruments that measure gravitational acceleration.
e Types include:
o Spring-based gravimeters
o Superconducting gravimeters
o Absolute gravimeters (measure gravitational acceleration directly using

lasers or drop methods)

B. Types of Surveys
e Ground Gravity Surveys: Instruments are carried to various points across a survey
area.
e Airborne Gravity Surveys: Gravimeters mounted on aircraft; used for large or

remote areas.
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Marine Gravity Surveys: Used in offshore and oceanographic studies.
Satellite Gravity Surveys: Large-scale mapping (e.g., GRACE satellite missions for

water mass movement and geoid modeling).

Field Application Example

Mineral Exploration Mapping dense ore bodies (e.g., iron, lead, zinc)

Oil & Gas Detecting basin structures and salt domes
Hydrogeclogy Locating aquifers and cavities

Engingering Identifying voids, sinkholes, and buried channels
Geology Mapping faults, folds, and tectonic featurls
Volcanology Studying magma chambers and volcanic subsurfaces

ADVANTAGES OF GRAVITY METHODS

Non-invasive and passive (requires no source of energy).

Can detect large-scale structures and deep features.

Effective in both land and marine environments.

Provides valuable density contrast information that other methods (e.g., magnetic)
may not detect.

Complementary to seismic, magnetic, and resistivity methods.

LIMITATIONS

Small density contrasts may produce very weak anomalies, difficult to detect.
Requires precise correction for elevation, terrain, tides, and instrument drift.
Interpretation is non-unique: different subsurface structures can produce similar
anomalies.

Sensitive to noise from nearby objects (e.g., vehicles, buildings).

5. Ground Penetrating Radar (GPR): It is a non-invasive geophysical method used to detect

and visualize subsurface features by transmitting high-frequency electromagnetic (EM) waves into

the ground and analyzing their reflections from underground structures. GPR is widely used in fields

such as engineering, archaeology, environmental studies, forensics, and utility detection. Uses radio

waves to image the subsurface, useful for detecting buried objects, utilities, and subsurface
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anomalies. GPR works by sending short pulses of high-frequency radio waves (typically
10 MHz to 2.5 GHz) into the ground through a transmitting antenna. When these waves
encounter materials with different dielectric properties (like soil, rock, water, metal, or
voids), part of the wave is reflected back to a receiving antenna.

COMPONENTS OF A GPR SYSTEM

« Control Unit: Manages the system and records data.

e Transmitting Antenna: Emits electromagnetic pulses into the ground.

e Receiving Antenna: Detects the reflected signals.

o Data Logger & Display: Stores and displays the results as radargrams (2D images).

e GPS (optional): Provides location data for mapping large areas.

APPLICATIONS OF GPR
Sector Application Example
Civil Engineering Detecting rebar, post-tension cables, and veids in concrete
Utility Mapping Locating buried pipes, cables, and conduits
Archaeology Finding walls, graves, and buried structures
Environmental Mapping landfills, leaks, or contamination plumes
Forensics Locating unmarked graves or hidden evidence
Transportation Assessing pavement thickness and road base conditions
Mining & Geology Mapping fractures, voids, and shallow bedrock
ADVANTAGES OF GPR

o High resolution: Detects small and shallow features accurately.

¢ Real-time imaging: Allows immediate interpretation in the field.

« Non-destructive and non-invasive.

« Versatile: Can be used on soil, rock, concrete, ice, and even through walls.

o Portable and lightweight equipment.
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6. LIMITATIONS OF GPR
o Limited depth penetration: Typically up to 10-30 meters in ideal dry sandy soils;
much less in wet clay or high-salinity environments.
« Highly affected by soil conditions:
o Conductive soils (e.g., clay or salty ground) absorb EM waves, reducing
depth and clarity.
o Requires expertise for accurate interpretation.
e May need calibration and ground truthing (e.g., digging or boreholes).

6. Borehole Logging: It is also known as well logging or geophysical logging, is a
technique used to record physical, chemical, and structural properties of the rock and fluids
encountered in a drilled borehole. It involves lowering various logging tools into the
borehole to collect continuous measurements, which are critical for understanding the
subsurface. Measures various physical properties within boreholes to provide detailed

information about subsurface formations and their characteristics.

Borehole logging involves inserting sensors or probes into a drilled hole and measuring
the response of the surrounding geological materials to various physical stimuli (e.g.,
electrical currents, radiation, sound waves).
OBJECTIVES:

o Determine rock type, porosity, and permeability

« ldentify lithological boundaries

o Locate groundwater or hydrocarbons

o Assess borehole conditions and structural integrity
TYPES OF BOREHOLE LOGS

A. Electrical Logs
Measure the resistivity or conductivity of formations.

e Resistivity Log: Measures how much the formation resists the flow of electrical
current.
o High resistivity: dry rock, hydrocarbons
o Low resistivity: clay, water-saturated zones
e Spontaneous Potential (SP) Log: Measures natural voltage differences between

formation and borehole fluid.
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o Indicates permeable zones and lithology boundaries.

B. Nuclear Logs

Use gamma radiation to measure density and porosity.

Gamma Ray Log:
o Measures natural gamma radiation.
o Clay-rich rocks emit more gamma rays than clean sandstones or carbonates.

o Used for lithology identification.

Density Log:
o Uses gamma rays to estimate rock density.

o Helps identify porous zones.

Neutron Log:

o Measures hydrogen concentration, which correlates with porosity.

Gamma-Gamma and Neutron-Gamma Logs:

o Provide further insight into porosity and lithology.

C. Acoustic Logs (Sonic Logs)
Use sound waves to assess the elastic properties of rocks.

e Measure interval transit time (At), the time it takes for a sound wave to travel
through a formation.
e Useful for:
o Determining porosity
o Assessing formation integrity

o Estimating mechanical properties

D. Caliper Log
e Measures the borehole diameter.
« Identifies washed-out zones, fractures, or casing issues.

o Useful for correcting other log measurements.

E. Temperature Log
« Records the temperature variation with depth.

e Useful in identifying:
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o Water inflow/outflow
o Geothermal gradients

o Cement curing in boreholes

F. Fluid Conductivity and Resistivity Logs
o Measure properties of borehole fluids.

e Help detect zones of fluid migration or contamination.

G. Borehole Imaging Logs
e Use acoustic or electrical sensors to produce visual images of the borehole wall.
e Helps identify:
o Fractures
o Bedding planes
o Structural features (e.g., faults)

APPLICATIONS OF BOREHOLE LOGGING

Field Application Example

Hydrogeoclogy Identifying aquifer zones and groundwater quality

il & Gas Locating productive hydrocarbon zones

Mining Evaluating ore bodies and structural geclogy
Environmental Detecting contamination, leachate plumes, and fractures
Geotechnical Assesfi ng =oil and rock strength for foundation design
Geothermal Estimating heat flow and subsurface temperatures

ADVANTAGES OF BOREHOLE LOGGING
e Provides continuous, in-situ data with high vertical resolution.
e Helps in correlating core samples with surrounding formations.
o Detects features missed in core recovery, such as fractures and thin beds.
o Allows real-time decision-making during drilling (in some cases).

e Reduces uncertainty in resource estimation and site characterization.
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LIMITATIONS

Requires a drilled borehole, which may be expensive.

Interpretation depends on calibration and supporting data (e.g., core samples).
Tools may be affected by:

o Borehole conditions (mud type, washouts)

o Casing and cementing

Some logs (e.g., nuclear) require strict safety protocols.

IMPORTANCE OF GEOPHYSICAL METHODS

1. Non-Invasive and Cost-Effective: Geophysical surveys are less intrusive than drilling
and can provide valuable subsurface information quickly and efficiently. Geophysical
techniques allow scientists to investigate underground structures without digging, saving
time, effort, and cost.

2. Mapping Subsurface Features: These methods help detect the presence, depth,
thickness, and extent of aquifers by identifying variations in physical properties such as
electrical resistivity, seismic velocity, or magnetic susceptibility.

3. Resource Exploration: They help locate and characterize mineral deposits, oil and gas
reservoirs, and groundwater resources.

4. Environmental Studies: They aid in understanding subsurface contamination, mapping
groundwater flow paths, and assessing potential risks.

5. Civil Engineering: They help in site characterization for construction projects, identifying
potential hazards like landslides or karst features.

6. Archaeology: They can reveal buried archaeological sites, features, and artifacts.

7. Differentiating Aquifer Types: They help distinguish between different geological
formations (e.g., porous sands vs. impermeable clays) that control groundwater storage and
movement.

8. Assessing Water Quality and Saturation: Some techniques can indicate the degree of
water saturation and the salinity of groundwater, which are important for determining water
usability.

9. Estimating Aquifer Volume and Recharge Potential: By understanding the geometry
and properties of the aquifer, geophysical methods contribute to estimating how much water
is available and how quickly it can replenish.

10. Reducing Risk in Drilling: Accurate identification of groundwater-bearing formations

minimizes the risk of drilling dry or low-yield wells.
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11. Supporting Sustainable Water Management: Geophysical data provide essential input
for managing groundwater resources sustainably, avoiding over-extraction, and protecting

aquifers from contamination.

ROLE OF ENVIRONMENTAL REGULATIONS IN PREVENTING WATER
POLLUTION AND CONSERVING WATER RESOURCES:

Environmental regulations are laws, rules, and standards established by governments and
regulatory bodies to protect natural resources, including water. These regulations play a
crucial role in managing water quality and quantity to ensure sustainable use and protect
ecosystems and human health.

1. Setting Water Quality Standards: Regulations define acceptable limits for pollutants
(like chemicals, heavy metals, pathogens) in surface water and groundwater to safeguard
aquatic life and public health.

2. Controlling Industrial and Agricultural Discharges: Rules require industries and farms
to treat wastewater and manage runoff to reduce contaminants entering water bodies.

3. Permitting and Monitoring: Facilities that discharge water must obtain permits
specifying pollutant limits and monitoring requirements, ensuring compliance and
accountability.

4. Prohibiting lllegal Dumping and Spillages: Regulations enforce penalties for improper
disposal of hazardous substances that can pollute water sources.

5. Protecting Sensitive Areas: Laws may restrict development and activities near wetlands,
rivers, and aquifers to prevent contamination and preserve natural filtration.

Environmental Regulations Support Water Conservation:

e Promoting Efficient Water Use: Regulations encourage or mandate water-saving
technologies and practices in agriculture, industry, and urban areas.

e Regulating Water Extraction: They control groundwater pumping and surface water
withdrawals to prevent overuse and depletion of water resources.

e Encouraging Recycling and Reuse: Policies support the treatment and reuse of
wastewater, reducing the demand for fresh water.

e Protecting Watersheds and Recharge Areas: Laws safeguard critical areas that replenish

aquifers and maintain the natural water cycle.
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PRESENT LAW REGARDING WATER MANAGEMENT- GLOBE

O Global water management is governed by a combination of international agreements,
national laws, and regional policies, all aimed at ensuring the sustainable and equitable use
of water resources.

O Key principles include the right to water as a human right, the need for integrated water
resource management, and the importance of international cooperation for shared
watercourses.

> INTERNATIONAL LEVEL

International Water Law:

*This framework governs the use of shared water resources between countries, focusing

on equitable use, prevention of harm, and cooperation.
UN Sustainable Development Goals (SDGS):

*SDG 6 specifically targets ensuring availability and sustainable management of water
and sanitation for all, with various targets addressing water quality, access, and
sanitation.

Human Right to Water:

*The UN General Assembly recognized the right to safe and clean drinking water and
sanitation as a human right, essential for the full enjoyment of life.

> NATIONAL LEVEL

National Water Policies:

*Many countries have developed national water policies to guide water management,
often emphasizing integrated water resource management, sustainable use, and water
quality protection.

Water Pollution Control Laws:

*Laws like the Water (Prevention and Control of Pollution) Act in India aim to prevent

and control pollution of water bodies and establish standards for water quality.
Water Allocation and Management:

*National laws also address water allocation, particularly in arid and semi-arid regions,
and aim to balance the needs of different sectors, including agriculture, industry, and
domestic use

» REGIONAL LEVEL

*Regional Agreements:

*Countries may have regional agreements to manage shared water resources, such as

river basin agreements, that specify water allocation and management practices.
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*Regional Water Policies:
*Regions may also develop regional water policies to address specific challenges, such

as water scarcity or pollution, within their borders.

KEY THEMES AND CHALLENGES

Sustainable Use:

« Water management laws increasingly focus on sustainable use, aiming to reduce
water consumption, improve water efficiency, and protect water resources for future

generations.
Climate Change:

« Climate change impacts water resources, including changes in rainfall patterns,
increased drought frequency, and rising sea levels, which require adaptation and

mitigation strategies.
Water Scarcity:

» Many regions face water scarcity challenges, and water management laws need to
address these by promoting efficient use, water recycling, and alternative water

sources.
Water Quality:

» Ensuring water quality is a major concern, and laws need to address pollution from

industrial sources, agricultural runoff, and sewage.
Equity and Access:

« Water management laws should also ensure equitable access to water for all,
particularly marginalized communities, and consider the affordability of water

services.
PRESENT LAW REGARDING WATER MANAGEMENT- INDIA

Water management in India is governed by a combination of constitutional provisions,
central and state laws, policies, and judicial interpretations. Here’s an overview of the

present legal framework.
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1. Constitutional Framework

Water is a State Subject: Under Entry 17 of the State List (List I1) of the Seventh
Schedule of the Indian Constitution, water is primarily a state matter.

Inter-State River Waters: Entry 56 of the Union List (List I) allows the central
government to regulate and develop inter-state rivers and river valleys when it is

in the public interest.

2. Key Central Laws

The Environment (Protection) Act, 1986: Empowers the central government to
take measures to protect and improve the quality of the environment, including

water.

The Water (Prevention and Control of Pollution) Act, 1974: Establishes the
Central and State Pollution Control Boards (CPCB & SPCBs) for preventing

and controlling water pollution.

The River Boards Act, 1956: Enables the central government to set up river boards
for the regulation and development of inter-state rivers. (Rarely used).

Inter-State Water Disputes Act, 1956: Provides a legal framework for the
adjudication of disputes related to inter-state rivers. Tribunals such as those for the

Cauvery, Krishna, and Godavari have been set up under this Act.

3. State-Level Laws

States have enacted their own laws and policies to manage groundwater, irrigation, and local

water bodies. For instance:

Maharashtra Groundwater (Development and Management) Act, 2009

Andhra Pradesh Water Resources Development Corporation Act, 1997

4. Policies and Missions

National Water Policy (2012): Advocates integrated water resources management,
conservation, efficiency, and equitable distribution.
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« Jal Shakti Abhiyan (2019): A campaign for water conservation and rainwater

harvesting.

« Atal Bhujal Yojana (Atal Jal): A central scheme for sustainable groundwater

management.
5. Judicial Interventions

The Indian judiciary has played an important role in water management through landmark

judgments:

* Right to Water as part of the Right to Life (Article 21): Recognized by the
Supreme Court in several cases (e.g., Subhash Kumar v. State of Bihar, 1991).

* Courts have also ordered cleanup of rivers (e.g., Yamuna and Ganga) and

enforcement of pollution norms.
6. Local Governance

« Panchayati Raj Institutions and Urban Local Bodies are increasingly responsible
for water supply and management at local levels under the 73rd and 74th

Amendments to the Constitution.
PRESENT LAW REGARDING WATER MANAGEMENT- KARNATAKA

Water management in Karnataka is governed by a combination of state-specific laws,
central environmental legislation, judicial directives, and policies tailored to the state's
unique water challenges—particularly those involving river water sharing (like Cauvery),

groundwater depletion, irrigation, and urban water supply.

1. Karnataka Ground Water (Regulation and Control of Development and
Management) Act, 2011

» Regulates groundwater extraction and use, particularly in notified (water-stressed)

areas.
» Mandates registration of existing wells and permission for new wells.
» Provides for the establishment of a State Ground Water Authority.

» Prohibits excessive or commercial extraction without prior permission.
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2. Karnataka Irrigation Act, 1965
« Governs irrigation from state canals, tanks, and other sources.

* Regulates construction and maintenance of irrigation works, and distribution of

water.
* Enables collection of water cress from users.
» Gives powers to Irrigation Officers for enforcement.
3. Karnataka Water Policy (2002) (aligned with National Water Policy)
» Advocates integrated water resource management (IWRM).
« Emphasizes equity, efficiency, and sustainability, prioritizing drinking water.
* Promotes user participation in water governance.
4. Karnataka Tank Conservation and Development Authority Act, 2014

» Focused on the restoration, conservation, and regulation of tanks (lakes) across
Karnataka.

» Established the Tank Development Authority to oversee these efforts.
Central Laws in Force in Karnataka

« Water (Prevention and Control of Pollution) Act, 1974: Enforced by the Karnataka
State Pollution Control Board (KSPCB).

« Environment (Protection) Act, 1986: For broader water resource and ecosystem

protection.

* Inter-State River Water Disputes Act, 1956: Particularly relevant for Cauvery,
Krishna, and Mahadayi river disputes.

Examples:
« Karnataka Neeravari Nigam Limited (KNNL): Handles major irrigation projects.

+ Karnataka Water Resources Department (WRD): Oversees overall water policy,

infrastructure, river basin development.

Department of Civil Engineering, ATMECE, Mysuru Page 22



Water Conservation & Rain Water Harvesting BCV654A

« Bangalore Water Supply and Sewerage Board (BWSSB): Manages urban water
supply in Bengaluru.

» State Groundwater Authority: Oversees groundwater regulation and planning.

WATER FOOTPRINTS- BLUE WATER FOOTPRINT

The blue water footprint is the volume of surface and groundwater (rivers, lakes, and

aquifers) that is consumed during the production of a product or service. This includes water
that is:

» Evaporated
* Incorporated into a product
» Removed from one water body and not returned to the same catchment or returned at
a different time
Examples:
 lrrigation for crops using water from rivers or wells.
* Industrial use, such as water used in manufacturing processes.

+ Domestic water use that isn't returned to the same water source.

Importance:
» Helps assess the sustainability of water use in agriculture and industry.

» Highlights potential water scarcity issues in regions heavily dependent on blue water.

» Encourages efficient water management practices.

Blue vs. Other Water Footprints:

Type Source of Water Examples

Blue Surface/groundwater Irrigation, industry

Green Rainwater Rain-fed agriculture

Grey Polluted water Water needed to dilute pollutants

STRATEGIES FOR MITIGATION

To address the challenges associated with high blue water footprints, several strategies can be
considered:
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» Adopting Water-Efficient Irrigation Techniques: Implementing methods like drip and
sprinkler irrigation can reduce water wastage.

« Crop Diversification: Shifting to crops with lower water requirements can help
balance water use.

« Promoting Sustainable Diets: Encouraging dietary patterns that rely more on plant-
based foods can reduce the blue water footprint.

* Improving Water Management Policies: Developing and enforcing policies that

regulate groundwater extraction and promote water conservation are essential.

GREEN WATER FOOTPRINT
The green water footprint refers to the volume of rainwater (stored in the soil as moisture)
that is used by plants and crops during growth. This water is eventually lost through
evapotranspiration (evaporation + plant transpiration).
Key Characteristics:
* Relates only to rain-fed agriculture, forests, and natural vegetation.
* It’s considered a non-irrigated water source.
* Doesn’t involve surface or groundwater extraction.
Examples:
» Rainwater used by crops like millets, sorghum, or oilseeds grown without irrigation.
»  Water used by forests and pasture lands.

* Home gardens that rely only on rainfall.

& Green vs. Blue Water Footprint:

Feature Green Water Footprint Blue Water Footprint

Source Rainwater stored in saoil Surface and groundwater

Usage Evapotranspiration in plants Irrigation, industry, households
Systems inveolved Rainfed agriculture, forests Irrigated crops, factories
Sustainability Often more sustainable Can lead to depletion if overused

India’s green water footprint is substantial due to:
» Large areas under rainfed agriculture, especially in central and eastern India.

» Crops like millets, pulses, and oilseeds which are mostly rainfed.
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» Government push for millet cultivation (International Year of Millets 2023) to reduce
pressure on blue water sources.
According to global studies:
» India’s average green water footprint in agriculture is significantly higher than its
blue footprint because of the vast rainfed crop area.
»  For example, producing 1 kg of sorghum or millets uses mostly green water, making
these crops more water-sustainable than rice or sugarcane.
GREY WATER FOOTPRINT

The grey water footprint is the volume of freshwater required to dilute pollutants to meet
specific water quality standards. It reflects water pollution, not water consumption.
Key Characteristics:

* Indicates the amount of clean water needed to assimilate pollutants from human,

agricultural, or industrial sources.

»  The higher the pollution, the larger the grey water footprint.

»  Calculated using the concentration of the pollutant and the acceptable standard.
Examples:

»  Agriculture: Fertilizer runoff (nitrates, phosphates) from farms.

* Industry: Effluents containing heavy metals or chemicals.

» Domestic: Sewage water with high levels of organic matter (BOD).

[l Grey vs. Blue vs. Green Water Footprint:

Feature Green Blue Grey

Source Rainwater in scil Ground/surface water Freshwater needed to dilute
Use Type Evapotranspiration Irrigation, industry, homes Pollution management
Impact Land use, rain-fed crops Depletes freshwater bodies Affects water guality

Grey Water Footprint in India:

* India has high grey water footprints in regions with intensive agriculture and high
fertilizer use (e.g., Punjab, Haryana).

 Industrial zones with poor wastewater treatment also contribute significantly.

» According to some studies, the grey water footprint for producing 1 kg of sugarcane or

cotton can be extremely high due to pollution from agrochemicals.
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SUSTAINABILITY ASSESSMENT

A sustainability assessment is a process used to evaluate the environmental, social, and
economic impacts of a project, policy, product, or organization. The goal is to ensure that
development and decision-making support long-term ecological balance, social equity, and
economic viability.
Typical Components of a Sustainability Assessment
1. Environmental Impact
o Resource consumption (energy, water, raw materials)
o Waste generation and management
o Emissions (carbon footprint, pollutants)
o Biodiversity and ecosystem effects
2. Social Impact
o Labor practices and human rights
o Community engagement and benefits
o Health and safety
o Equity and inclusion
3. Economic Impact
o Financial viability and cost savings
o Local economic development
o Supply chain sustainability

o Long-term resilience

COMMON TOOLS & METHODS

+ Life Cycle Assessment (LCA) — Analyzes the full life cycle of a product or service.

« Environmental Impact Assessment (EIA) — Required for many development projects.
» Social Impact Assessment (SIA) — Focuses on people and communities.

« Sustainability Indicators and Metrics — Such as carbon footprint, water usage, GHG
emissions, etc.

« Triple Bottom Line (TBL) — A framework considering people, planet, and profit.

STEPS IN A SUSTAINABILITY ASSESSMENT
1. Define Scope and Objectives: Clarify what is being assessed and why.

2. Stakeholder Engagement: Include diverse voices to ensure a fair evaluation.
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3. Data Collection: Gather quantitative and qualitative data across all sustainability
dimensions.

4. Impact Analysis: Use tools and methods to evaluate effects.

5. Mitigation and Recommendations: Identify ways to reduce negative impacts and
enhance benefits.

6. Reporting and Communication: Share findings transparently with stakeholders.

7. Monitoring and Review: Continuously assess performance over time.

SUSTAINABILITY ASSESSMENT RELATED TO WATER

A sustainability assessment related to water focuses on evaluating how water resources are
managed and used within a project, organization, or system, considering environmental,
social, and economic impacts. It helps ensure that water use is efficient, equitable, and

environmentally sound, both now and for future generations.

Economy

Environment Society

Water-Related Sustainability Assessment: Key Elements
1. Environmental Dimension
*  Water Consumption: Total water used in processes (direct and indirect).
* Water Source Impact: Sustainability of the source (e.g., groundwater depletion,
river ecosystem stress).
*  Wastewater Discharge: Quantity and quality of effluent; treatment processes.

*  Water Pollution: Presence of contaminants, chemical runoff, eutrophication risk.

Department of Civil Engineering, ATMECE, Mysuru Page 27



Water Conservation & Rain Water Harvesting BCV654A

Climate Impact: Effects on hydrological cycles due to climate change.

2. Social Dimension

Access and Equity: Fair access to clean and affordable water for local communities.
Health and Sanitation: Impact on public health, hygiene, and disease prevention.
Community Engagement: Involvement of local stakeholders in water management.

Cultural Significance: Respect for water as a cultural or spiritual resource.

3. Economic Dimension

Cost of Water Supply: Affordability and economic viability of sourcing and treating
water.

Efficiency Gains: Economic savings from water conservation and reuse.

Impact on Livelihoods: Especially in agriculture, fishing, or water-dependent
sectors.

Regulatory Compliance Costs: Financial implications of meeting water quality and

use standards.

Key Tools and Indicators

Tool/Method Description

Water Footprinting Measures the total volume of freshwater used directly and indirecthy.
Life Cycle Assessment (LCA) ncludes water as a resource input and environmental impact factor.
WEF Mexus Approach Evaluates interactions between water, energy, and food systems.
Water Risk Assessment dentifies expaosure to water-related risks (e.g., scarcity, floods).

150 14046 nternational standard for water footprint assessment.

Key Indicators:

Water use per unit of product/output

Percentage of recycled/reused water

Water stress index in sourcing regions
Compliance with wastewater discharge standards

Community access to clean water (SDG 6 alignment)
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Example: Industrial Plant Water Sustainability Assessment

Objective: Assess the water sustainability of a textile manufacturing plant.

Dimension Assessment Recommendation

Environmental 400,000 L/'day drawn from river; low- Install closed-loop water systems, reduce intake
efficiency usage by 30%

Social Mearby community reports low water Engage community in shared water-use
pressure planning

Economic High cost of wastewater treatment Inwest in advanced treatment that enables reuse

ROLE OF SUSTAINABILITY ASSESSMENTS IN ACHIEVING GLOBAL WATER
SUSTAINABILITY

Sustainability assessments are tools used to evaluate the long-term environmental, social,
and economic impacts of policies, projects, or practices. In the context of global water
sustainability, these assessments play a critical role by identifying risks, optimizing water
use, protecting ecosystems, and guiding decision-making toward more responsible water
management.

(1 ldentifying Water-Related Risks and Impacts: Assessments help reveal the pressures
on water resources—such as overuse, pollution, and climate change—and their consequences
for ecosystems, economies, and communities.

(1 Evaluating Water Use Efficiency: By analyzing how water is consumed in agriculture,
industry, and urban areas, assessments highlight inefficiencies and opportunities to reduce
water waste.

[0 Promoting Integrated Water Resource Management (IWRM): Sustainability
assessments encourage a holistic view of water systems—Iinking surface water, groundwater,
land use, and community needs—Ileading to more balanced and informed water management.
(1 Guiding Policy and Investment Decisions: Governments and organizations use
sustainability assessments to prioritize sustainable water infrastructure, technologies (e.g.,
water recycling), and conservation initiatives.

(1 Ensuring Social Equity in Water Access: Assessments consider how water issues affect
different populations, especially vulnerable communities, and support inclusive planning that
ensures fair and affordable access to clean water.

) Measuring Progress Toward Global Goals: Sustainability assessments are key tools for
tracking progress on Sustainable Development Goal 6 (Clean Water and Sanitation),

helping nations measure and report on water-related targets.
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[1  Encouraging Transparency and Accountability: By requiring documentation and
evaluation of water-related actions, assessments foster responsible governance and

stakeholder engagement.
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