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Graduate Certificate in Hydraulic Engineering

* Hydraulic Design of Water Resources Systems

Hydraulic Design of Water Resources Systems is a course that covers the design and analysis of various
water resources systems, including dams, canals, pipelines, and hydropower plants. The course requires a
solid understanding of hydraulic principles, fluid mechanics, and engineering mathematics. Here are some
key terms and vocabulary related to this course:

1. Hydraulics: Hydraulics is the study of fluid flow and the forces that result from it. It is a branch of
engineering that deals with the design and operation of systems that use fluids to transmit or transform
energy.
2. Fluid Mechanics: Fluid mechanics is the study of the behavior of fluids at rest and in motion. It includes
the study of fluid statics, which deals with the forces acting on fluids at rest, and fluid dynamics, which deals
with the behavior of fluids in motion.
3. Water Resources: Water resources refer to the available water supply in a particular region, including
surface water (lakes, rivers, and reservoirs) and groundwater. The management and development of water
resources are critical for various purposes, including irrigation, drinking water supply, hydropower
generation, and navigation.
4. Hydraulic Design: Hydraulic design is the process of selecting the appropriate hydraulic components and
sizing them to meet the requirements of a specific application. It involves the analysis of fluid flow, pressure
losses, and energy dissipation in pipes, channels, and other hydraulic structures.
5. Energy Grade Line (EGL): The energy grade line (EGL) is a line that represents the total energy per unit
weight of a fluid at a particular point in a hydraulic system. It is used to analyze the energy losses and gains
in a hydraulic system.
6. Hydraulic Grade Line (HGL): The hydraulic grade line (HGL) is a line that represents the pressure head (or
piezometric head) of a fluid at a particular point in a hydraulic system. It is used to analyze the pressure
losses and gains in a hydraulic system.
7. Head Loss: Head loss is the reduction in the energy head (or pressure head) of a fluid as it flows through
a hydraulic system. It is caused by friction between the fluid and the walls of the system, as well as by
turbulence and other factors.
8. Darcy-Weisbach Equation: The Darcy-Weisbach equation is a widely used empirical equation that relates
the head loss in a pipe to the flow rate, pipe diameter, and fluid properties. It is expressed as:

h\_f = f \* (L/D) \* (V^2 / 2g)

where h\_f is the head loss, f is the friction factor, L is the length of the pipe, D is the diameter of the pipe, V
is the flow velocity, and g is the acceleration due to gravity.

9. Manning's Equation: Manning's equation is an empirical equation that relates the flow rate in an open
channel to the channel geometry, slope, and roughness. It is expressed as:

Q = (1/n) \* A \* R^(2/3) \* S^(1/2)
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where Q is the flow rate, n is the Manning roughness coefficient, A is the cross-sectional area of the
channel, R is the hydraulic radius, and S is the slope of the channel.

10. Hydropower: Hydropower is the use of water flow to generate electricity. It involves the conversion of
the kinetic energy of flowing water into mechanical energy, which is then converted into electrical energy.
11. Reservoir: A reservoir is a large artificial lake created by the construction of a dam across a river or
stream. It is used for various purposes, including water storage, flood control, and hydropower generation.
12. Canal: A canal is an artificial waterway used for irrigation, navigation, or hydropower generation. It is
constructed by excavating a trench and lining it with concrete or other materials to prevent water loss.
13. Pipeline: A pipeline is a long, narrow conduit used to transport fluids, such as water, oil, or gas, over long
distances. It is typically made of steel or other materials that are resistant to corrosion and wear.
14. Pump: A pump is a mechanical device used to increase the pressure or flow rate of a fluid. It is typically
used to transport fluids from one location to another or to maintain a constant pressure in a hydraulic
system.
15. Turbine: A turbine is a rotary mechanical device that converts the kinetic energy of a fluid into
mechanical energy. It is typically used to generate electricity in hydropower plants.

Examples and Practical Applications:

1. Designing a hydraulic system for a hydropower plant: To design a hydraulic system for a hydropower
plant, engineers must consider various factors, including the flow rate of the river, the head (or height) of
the water, and the turbine efficiency. They must also select the appropriate type of turbine (e.g., Francis,
Kaplan, or Pelton) based on the flow rate and head.
2. Designing an irrigation canal: To design an irrigation canal, engineers must consider various factors,
including the topography of the area, the soil characteristics, and the water demand. They must also select
the appropriate size and shape of the canal based on the flow rate and the length of the canal.
3. Designing a water distribution system: To design a water distribution system, engineers must consider
various factors, including the water demand, the pipe material, and the layout of the system. They must also
select the appropriate pipe diameter and length based on the flow rate and the pressure drop in the
system.

Challenges:

1. Climate change: Climate change is causing changes in precipitation patterns, sea levels, and temperature,
which can affect the availability and quality of water resources. Hydraulic engineers must consider these
changes in their designs to ensure the sustainability of water resources systems.
2. Population growth: Population growth is increasing the demand for water resources, which can lead to
competition and conflicts between different users. Hydraulic engineers must develop efficient and equitable
water resources systems to meet the needs of all users.
3. Environmental protection: Hydraulic engineers must consider the environmental impacts of their designs,
such as the effects on aquatic life, water quality, and habitats. They must also comply with various
environmental regulations and standards.
4. Technological advancements: Technological advancements, such as automation, remote sensing, and data
analytics, are transforming the field of hydraulic engineering. Engineers must keep up with these
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advancements to improve the efficiency, reliability, and sustainability of water resources systems.

Conclusion:

Hydraulic Design of Water Resources Systems is a comprehensive course that requires a solid
understanding of hydraulic principles, fluid mechanics, and engineering mathematics. The course covers
various topics, including hydraulic components, energy grade line, hydraulic grade line, head loss, and
hydropower. By understanding these concepts and applying them to real-world scenarios, engineers can
design efficient, reliable, and sustainable water resources systems. However, they must also consider various
challenges, such as climate change, population growth, environmental protection, and technological
advancements, to ensure the long-term sustainability of these systems.
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