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Graduate Certificate in Hydraulic Engineering

* River Hydraulics and Morphology

River Hydraulics and Morphology are crucial components in the study of Hydraulic Engineering.
Understanding the key terms and vocabulary in these areas is essential for learners in the Graduate
Certificate in Hydraulic Engineering program. In this explanation, we will discuss important concepts,
provide examples, and offer practical applications and challenges for each term.

1. Hydraulics: Hydraulics is the study of fluid flow and the forces it exerts. It deals with the principles of
physics to describe and predict fluid behavior in various contexts, such as open channels, pipes, and
hydraulic structures.

Example: Consider a river flowing through a channel. Hydraulic principles describe the velocity, pressure,
and energy of the water flow, as well as the forces acting on the channel bed and banks.

Practical application: Designing hydraulic structures, such as weirs, gates, and culverts, requires
understanding the principles of hydraulics.

Challenge: Predict the water depth and velocity in a rectangular channel with a constant slope of 0.002 and
a discharge of 10 m®/s, assuming the channel's width is 5 m and the bed roughness is Manning's n = 0.03.

2. Morphology: Morphology refers to the study of the physical form and structure of rivers, including their
channels, banks, and floodplains. It examines how rivers change and evolve over time due to various factors,
such as erosion, sediment transport, and human activities.

Example: A river's morphology includes its meandering pattern, channel shape, and sediment deposition
patterns.

Practical application: River morphology is critical in floodplain management, habitat restoration, and the
design of river engineering projects.

Challenge: Analyze the morphology of a river with a sinuosity of 1.5 and a width/depth ratio of 15. Discuss
the implications of these morphological features for river management and engineering.

3. Open channel flow: Open channel flow refers to the movement of fluid in a conduit with a free surface,
such as rivers, canals, or sewers with open tops.

Example: River flow is an example of open channel flow.

Practical application: Understanding open channel flow principles is essential in designing and managing
irrigation canals, stormwater systems, and flood control structures.

Challenge: Calculate the critical depth and velocity for a rectangular channel with a width of 10 m, assuming
the channel's slope is 0.001 and the discharge is 20 m?/s.
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4. Manning's equation: Manning's equation is a widely used empirical formula for calculating the average
velocity in open channels.

Example: Manning's equation relates the channel's geometry, surface roughness, and flow rate to determine
the velocity of water in the channel.

Practical application: Manning's equation is used in designing and analyzing open channels and hydraulic
structures.

Challenge: Determine the velocity and flow depth in a trapezoidal channel with a bottom width of 5 m, side
slopes of 1:1, and a Manning's n value of 0.04, given a discharge of 15 m?/s and a channel slope of 0.0015.

5. Energy gradient line: The energy gradient line represents the total energy per unit weight of the water
along a streamline, including both potential and kinetic energy.

Example: The energy gradient line shows the energy distribution in a river reach.

Practical application: The energy gradient line helps in understanding the energy losses and gains in river
systems and designing hydraulic structures.

Challenge: Sketch the energy gradient line for a river with a uniform flow and a constant discharge,
assuming a bed slope of 0.002 and a Manning's n value of 0.03.

6. Specific energy: Specific energy is the sum of the potential and kinetic energy per unit weight of the fluid,
represented as a function of flow depth.

Example: Specific energy is a critical parameter in determining the flow regime in open channels.

Practical application: Understanding specific energy is essential for designing and analyzing hydraulic
structures in rivers and channels.

Challenge: Calculate the specific energy at a flow depth of 1 m for a rectangular channel with a width of 5 m
and a discharge of 10 m3/s, assuming the channel's slope is 0.001 and the bed roughness is Manning's n =
0.03.

7. Flow regime: Flow regime refers to the classification of flow patterns in open channels, based on the
Froude number and the specific energy.

Example: Common flow regimes include subcritical, critical, and supercritical flows.

Practical application: Identifying the flow regime is essential in designing hydraulic structures and
understanding river behavior.

Challenge: Identify the flow regime and sketch the specific energy diagram for a trapezoidal channel with a
bottom width of 5 m, side slopes of 1:1, and a discharge of 20 m?/s, assuming a channel slope of 0.002 and
Manning's n value of 0.04.
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8. Sediment transport: Sediment transport is the movement of sediment particles in a fluid, such as water,
due to the forces exerted by the fluid.

Example: Sediment transport is a crucial process in river dynamics and morphology.

Practical application: Understanding sediment transport is essential in river engineering, erosion control,
and habitat restoration.

Challenge: Estimate the sediment transport rate in a rectangular channel with a width of 10 m, assuming a
discharge of 30 m®/s, a bed slope of 0.001, and a sediment size of 0.002 m, using the Meyer-Peter and
Muiller equation.

9. Bank erosion: Bank erosion is the process of removing material from the banks of a river or channel due
to the action of water flow and sediment transport.

Example: Bank erosion contributes to channel widening and deepening.

Practical application: Bank erosion control is critical in river management, habitat restoration, and floodplain
management.

Challenge: Analyze the factors contributing to bank erosion in a meandering river with a sinuosity of 1.5 and
a width of 50 m.

10. Meandering rivers: Meandering rivers are rivers with a sinuous, winding channel pattern.
Example: Meandering rivers are common in alluvial plains with gentle slopes.

Practical application: Understanding meandering river dynamics is essential in floodplain management,
habitat restoration, and river engineering.

Challenge: Sketch a plan view and a cross-section of a meandering river with a sinuosity of 1.5 and a width
of 50 m, assuming a bed slope of 0.001 and Manning's n value of 0.04.

In summary, River Hydraulics and Morphology are fundamental concepts in the Graduate Certificate in
Hydraulic Engineering program. Key terms include hydraulics, morphology, open channel flow, Manning's
equation, energy gradient line, specific energy, flow regime, sediment transport, bank erosion, and
meandering rivers. Understanding these terms is critical for designing and managing river systems and
hydraulic structures. Challenges are provided to help learners apply their knowledge and gain practical
experience with these concepts.
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