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Postgraduate Certificate in Hydroelectric Power Engineering and Dams

Hydrology and Hydraulics

Hydrology and Hydraulics Key Terms and Vocabulary:

1. Hydrology:

Hydrology is the study of the movement, distribution, and quality of water on Earth. It involves
understanding the water cycle, precipitation, evaporation, and runoff. Hydrologists examine how water
interacts with the environment, including rivers, lakes, oceans, and groundwater.

Example: Hydrology helps us predict floods by analyzing rainfall patterns and river discharge data.

2. Hydraulics:

Hydraulics is the study of fluid behavior, particularly in engineering applications. It deals with the
mechanical properties of liquids, such as flow rates, pressure, and energy losses. Hydraulics is crucial in
designing water systems, such as dams, channels, and pipelines.

Example: Hydraulics is used in designing irrigation systems to ensure efficient water distribution to crops.

3. Water Cycle:

The water cycle is the continuous movement of water on, above, and below the surface of the Earth. It
involves processes like evaporation, condensation, precipitation, and runoff. The water cycle is essential for
maintaining freshwater resources and regulating Earth's climate.

Example: The water cycle explains how water from oceans evaporates, forms clouds, and falls back to the
Earth as rain or snow.

4. Evaporation:

Evaporation is the process by which water changes from a liquid to a gas or vapor. It occurs when heat
energy from the sun causes water molecules to move faster and escape into the atmosphere. Evaporation is
a key component of the water cycle.

Example: Evaporation from lakes and rivers replenishes moisture in the air and contributes to cloud
formation.

5. Precipitation:

Precipitation refers to any form of water that falls from the atmosphere to the Earth's surface. This includes
rain, snow, sleet, and hail. Precipitation is a vital part of the water cycle as it replenishes water sources on
land.

Example: Heavy precipitation can lead to flooding, while prolonged droughts result from insufficient rainfall.

6. Runoff:
Runoff is the movement of water over the Earth's surface, typically after precipitation. It flows into streams,
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rivers, lakes, and oceans. Runoff plays a crucial role in erosion, sediment transport, and the replenishment of
groundwater.

Example: Urban areas with extensive pavement experience increased runoff, leading to flooding and
pollution.

7. Groundwater:

Groundwater is the water found beneath the Earth's surface in soil and rock formations. It fills spaces
between particles and fractures in rocks. Groundwater is a vital source of drinking water and serves as a
buffer against droughts.

Example: Wells tap into groundwater reserves to provide water for domestic, agricultural, and industrial
purposes.

8. Aquifer:
An aquifer is a underground layer of rock or sediment that holds water and allows it to flow. Aquifers are
essential for groundwater storage and supply. They can be replenished by rainfall or recharged artificially.

Example: The Ogallala Aquifer in the United States is a significant source of irrigation water for agriculture.

9. River Basin:

A river basin is the land area drained by a river and its tributaries. It includes all the surface water and
groundwater that flow towards the river. River basins are fundamental units for water resources
management and planning.

Example: The Amazon River Basin is the largest in the world, covering multiple countries in South America.

10. Floodplain:

A floodplain is the flat, low-lying area adjacent to a river or stream that is prone to flooding. Floodplains are
natural features that absorb excess water during floods and support diverse ecosystems. However, human
development in floodplains can increase flood risks.

Example: Communities living on floodplains may experience property damage and displacement during
flood events.

11. Dams:

Dams are structures built across rivers and streams to control water flow, store water, and generate
hydropower. They serve various purposes, including flood control, irrigation, and water supply. Dams can
have significant environmental and social impacts.

Example: The Hoover Dam on the Colorado River provides water for irrigation, municipal use, and electricity
generation.

12. Reservoir:
A reservoir is an artificial lake created by damming a river or stream. It stores water for various purposes,
such as drinking water supply, irrigation, and hydropower generation. Reservoirs can also regulate
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downstream flow and support recreational activities.

Example: The Three Gorges Dam in China created a massive reservoir that helps control flooding along the
Yangtze River.

13. Hydropower:

Hydropower is electricity generated from the energy of moving water. It is a renewable energy source that
harnesses the gravitational force of water flow. Hydropower plants convert water's kinetic energy into
electrical power through turbines.

Example: The Grand Coulee Dam in the United States is one of the largest hydropower facilities in the world.

14. Turbine:

A turbine is a mechanical device that converts the energy of a moving fluid (such as water, steam, or wind)
into rotational energy. In hydropower plants, turbines are driven by water flow to generate electricity.
Different types of turbines, such as Francis, Kaplan, and Pelton, are used based on specific conditions.

Example: Francis turbines are commonly used in medium to high head hydropower projects due to their
efficiency and flexibility.

15. Head:

Head refers to the vertical distance between the water level above the turbine and the turbine's center. It
represents the potential energy available in a hydropower system and determines the power output. Head
is a critical factor in designing and operating hydropower plants.

Example: High head hydropower plants utilize the gravitational force of water falling from a great height to
generate electricity efficiently.

16. Penstock:

A penstock is a pipeline or conduit that delivers water from a reservoir to a turbine in a hydropower plant. It
controls the flow of water and directs it towards the turbine for power generation. Penstocks are typically
made of steel or concrete and can be aboveground or underground.

Example: The penstock at a hydropower plant may have valves to regulate water flow and pressure to
optimize turbine performance.

17. Spillway:

A spillway is a structure designed to release excess water from a dam to prevent overtopping and flooding.
It provides a controlled path for water to flow safely downstream during high flow events. Spillways are
crucial for dam safety and flood management.

Example: During heavy rainfall, a spillway opens to release water from the reservoir and maintain the dam's
structural integrity.

18. Sedimentation:
Sedimentation is the process of soil particles settling out of water and accumulating in rivers, reservoirs, and
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other water bodies. It can reduce water quality, clog infrastructure, and impact aquatic ecosystems.
Sedimentation is a common challenge in dam operations and maintenance.

Example: Sedimentation behind a dam can reduce storage capacity and affect downstream water quality
and aquatic habitats.

19. Erosion:

Erosion is the wearing away of soil and rock by natural forces, such as water, wind, and ice. It can occur
along riverbanks, reservoir shores, and dam structures. Erosion can lead to land degradation, sedimentation,
and infrastructure damage.

Example: Riverbank erosion can threaten infrastructure like bridges, roads, and buildings, requiring erosion
control measures.

20. Flood Control:

Flood control involves strategies and structures implemented to manage and reduce the impact of flooding.
Dams, levees, and floodplains are used to regulate water flow, store excess water, and protect communities
from inundation. Effective flood control measures are essential for public safety and infrastructure
protection.

Example: The Netherlands employs an extensive system of dikes and pumps to prevent flooding in low-
lying areas.

21. Irrigation:

Irrigation is the artificial application of water to land to assist in crop growth and agricultural production. It
is crucial in arid and semi-arid regions where rainfall is insufficient for crop cultivation. Irrigation systems
vary in complexity and efficiency, from simple furrow irrigation to modern drip irrigation.

Example: The Indus Valley civilization developed sophisticated irrigation networks to support agriculture
thousands of years ago.

22. Water Quality:

Water quality refers to the chemical, physical, and biological characteristics of water that determine its
suitability for various uses. Clean water is essential for human consumption, agriculture, industry, and
aquatic ecosystems. Monitoring and maintaining water quality are vital for public health and environmental
protection.

Example: Water treatment plants use filtration and disinfection processes to ensure drinking water meets
quality standards.

23. Climate Change:

Climate change refers to long-term shifts in global or regional climate patterns, primarily due to human
activities. It affects temperature, precipitation, sea levels, and extreme weather events. Climate change has
significant implications for water resources, including altered rainfall patterns, increased droughts, and more
intense storms.
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Example: Melting glaciers and ice caps due to climate change contribute to rising sea levels and changes in
freshwater availability.

24. Water Scarcity:

Water scarcity occurs when demand for water exceeds available supply in a specific region or timeframe. It
can result from population growth, overconsumption, pollution, and climate variability. Water scarcity poses
challenges for agriculture, industry, and human health.

Example: Countries in arid regions like the Middle East face chronic water scarcity and rely on desalination
and water reuse technologies.

25. Watershed Management:

Watershed management involves planning and implementing strategies to sustainably manage land and
water resources within a watershed. It aims to protect water quality, prevent erosion, and enhance
ecosystem health. Watershed management requires collaboration among stakeholders, including
government agencies, communities, and industries.

Example: Watershed management practices include reforestation, soil conservation, and wetland restoration
to maintain ecosystem services and water availability.

26. Resilience:

Resilience is the ability of a system to withstand and recover from external disturbances or shocks. In the
context of water resources, resilience involves adapting to climate change, natural disasters, and human
impacts. Building resilience in water infrastructure and management is essential for sustainable
development and disaster risk reduction.

Example: Resilient water systems can bounce back from droughts, floods, and infrastructure failures through
adaptive management and preparedness measures.

27. Environmental Impact Assessment (EIA):

Environmental Impact Assessment is a process of evaluating the potential environmental consequences of a
proposed project or development. It considers impacts on air quality, water resources, biodiversity, and
social aspects. EIA helps identify mitigation measures and ensure sustainable resource management.

Example: Before constructing a new dam, an EIA assesses its effects on fish habitats, water quality, and local
communities to minimize negative impacts.

28. Remote Sensing:

Remote sensing is the collection of data from a distance using satellites, drones, or aircraft. It provides
valuable information on land cover, water resources, and environmental changes. Remote sensing
technologies are used in hydrology to monitor floods, droughts, and land use changes.

Example: Satellite imagery can track changes in reservoir levels, river flow, and vegetation cover to support
water resource management decisions.

29. Geographic Information System (GIS):
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Geographic Information System is a computer-based tool for capturing, storing, analyzing, and visualizing
spatial data. It integrates different layers of information, such as maps, satellite imagery, and demographic
data. GIS is widely used in hydrology for watershed modeling, flood mapping, and infrastructure planning.

Example: A GIS can overlay flood risk zones, population distribution, and critical infrastructure to identify
vulnerable areas and prioritize mitigation efforts.

30. Water Governance:

Water governance refers to the political, social, economic, and administrative systems that influence water
management and allocation. It involves setting policies, regulations, and institutions to ensure sustainable
and equitable use of water resources. Effective water governance requires stakeholder participation,
transparency, and integrated planning.

Example: Integrated water resources management (IWRM) is a governance approach that considers social,
economic, and environmental aspects to achieve water security and sustainability.

31. Transboundary Water Management:

Transboundary water management addresses shared water resources across national boundaries. It involves
cooperation, negotiation, and agreements between riparian countries to prevent conflicts and promote
sustainable development. Transboundary water management is essential for rivers, lakes, and aquifers that
cross multiple jurisdictions.

Example: The Mekong River Commission facilitates collaboration among countries sharing the Mekong
River to manage water resources and address common challenges.

32. Water Footprint:

Water footprint is the total volume of freshwater used directly or indirectly to produce goods and services
consumed by an individual, community, or organization. It includes water used in agriculture, industry, and
households. Understanding water footprints helps identify water consumption patterns and promote water
efficiency.

Example: The water footprint of a cotton T-shirt includes water for growing cotton, processing fabric, and
dyeing the garment, reflecting the hidden water use in the supply chain.

33. Water-Energy-Food Nexus:

The water-energy-food nexus refers to the interconnected relationship between water, energy, and food
systems. Changes in one sector can impact the others due to resource dependencies and trade-offs.
Integrated approaches to the water-energy-food nexus aim to achieve sustainability, resilience, and security
in all three sectors.

Example: Dams built for hydropower generation can affect downstream water availability for irrigation and
food production, highlighting the interconnections in the nexus.

34. Drought Management:
Drought management involves strategies to mitigate the impacts of prolonged dry periods on water
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resources, agriculture, and communities. It includes water conservation, drought monitoring, crop
diversification, and emergency response planning. Drought management aims to build resilience and
minimize socioeconomic disruptions.

Example: Drought-resistant crops, water-saving technologies, and early warning systems are essential
components of effective drought management plans.

35. Water Rights:

Water rights are legal entitlements to use water resources for specific purposes, such as irrigation, municipal
supply, or industrial processes. They define who can use water, how much, and under what conditions.
Water rights allocation is crucial for equitable and sustainable water management.

Example: Riparian rights grant landowners adjacent to rivers the right to use water for domestic and
agricultural needs, following the principle of first in time, first in right.

36. Desalination:

Desalination is the process of removing salt and impurities from seawater or brackish water to produce
freshwater. It is used in regions facing water scarcity or salinity issues. Desalination technologies include
reverse osmosis, distillation, and electrodialysis.

Example: Countries like Saudi Arabia and Israel rely on desalination plants to meet freshwater demands in
arid environments with limited natural water sources.

37. Water Reuse:

Water reuse involves treating wastewater to remove contaminants and pathogens for beneficial purposes,
such as irrigation, industrial processes, and groundwater recharge. It reduces freshwater consumption,
minimizes pollution, and enhances water resource sustainability. Water reuse is a key strategy for closing
the water cycle and promoting circular economy principles.

Example: Singapore's NEWater program treats wastewater to high standards for reuse in industries, parks,
and non-potable applications, contributing to water security and resource efficiency.

38. Instream Flow:

Instream flow refers to the volume, timing, and quality of water needed to sustain ecological functions and
habitat conditions in rivers and streams. It ensures that water resources support aquatic ecosystems,
fisheries, and recreational activities. Instream flow requirements are determined through ecological
assessments and stakeholder engagement.

Example: Maintaining instream flows in rivers benefits fish migration, riparian vegetation, and water quality,
contributing to healthy freshwater ecosystems.

39. Water Security:

Water security is the reliable access to sufficient, safe, and affordable water for human needs, economic
activities, and ecosystem services. It involves ensuring water availability, quality, and governance to meet
present and future demands. Water security is a critical aspect of sustainable development and resilience to
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water-related challenges.

Example: Improving water infrastructure, enhancing water efficiency, and promoting water conservation are
key strategies for enhancing water security in urban and rural areas.

40. Virtual Water:

Virtual water refers to the hidden water embedded in products, goods, or services throughout their lifecycle.
It accounts for the water used in production, processing, and transportation of commodities. Understanding
virtual water helps assess water footprint, trade impacts, and resource sustainability.

Example: The virtual water content of a hamburger includes water for raising cattle, growing feed crops, and
processing meat, highlighting the indirect water consumption associated with food production.

41. Aqueduct:

An aqueduct is a structure or channel used to convey water from a water source to a destination, such as a
city, agricultural area, or reservoir. Aqueducts can be gravity-fed or pumped and may span long distances or
cross challenging terrain. They have been essential for water supply and irrigation systems throughout
history.

Example: The Roman aqueducts, such as the Pont du Gard in France, demonstrate ancient engineering feats
in water conveyance and distribution.

42. Water Law:

Water law comprises legal principles, regulations, and treaties that govern water allocation, use, and
management. It establishes rights and responsibilities related to water resources, including surface water,
groundwater, and transboundary waters. Water law plays a crucial role in resolving disputes, promoting
sustainability, and ensuring equitable access to water.

Example: The United Nations Watercourses Convention provides guidelines for equitable and reasonable
use of shared water resources among riparian states.

43. Hydrometry:

Hydrometry is the science of measuring water flow, levels, and quality in rivers, lakes, and other water
bodies. It involves using instruments like gauges, sensors, and data loggers to monitor hydrological
parameters. Hydrometric data are essential for water resources management, flood forecasting, and
infrastructure design.

Example: Hydrometric stations along a river provide real-time data on water levels, flow rates, and sediment
transport for flood early warning systems and water allocation decisions.

44. \Water Conservation:
Water conservation refers to the efficient use and management of water resources to reduce waste and
preserve freshwater supplies. It includes practices like fixing leaks, using water-saving appliances,
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