University of Anbar

College of Engineering / Dams and Water Resources
Course: Engineering Hydrology

Prepared by: Assistant Lecturer Abu Baker Ahmad
Academic Year: 2025-2026

* 87 1408

UNIVERSITY OF ANBAR

Lecture 3

Floods, Flood Routing, and Groundwater Systems

3.1 Types and Characteristics of Floods

Floods are among the most impactful hydrological phenomena, manifesting as significant increases in river
discharge that overflow natural or artificial channels. Flood events are classified based on origin—such as
riverine, flash, coastal, and urban floods—and are characterized by their magnitude, duration, frequency, and
geospatial extent. Understanding the underlying processes, including antecedent rainfall, catchment
characteristics, and channel storage, is fundamental for effective risk assessment and engineering

intervention.

3.2 Flood Hydrograph Analysis and Routing Techniques

A flood hydrograph expresses temporal variation in river discharge during a storm or melt event and provides

critical input for designing hydraulic structures. Key parameters include peak discharge, time to peak, base

time, and total volume. Flood routing refers to the prediction of flood wave progression along a river channel

or through a reservoir. Core routing methods comprise:

e Hydrologic Routing: Based on continuity equations (e.g., Modified Puls method) for reservoirs or
channels.

e Hydraulic Routing: Employs the full Saint-Venant equations for unsteady flow in open channels.

e Empirical Approaches: Utilization of unit hydrograph theory for transforming rainfall into direct
runoff, and S-curve methods for superposition of hydrographs.

Engineers must select routing methods aligned with catchment scale, data availability, and project objectives,

and should be adept at using modern computational tools for simulation and design.

3.3 Groundwater Resources: Zones and Aquifers
Groundwater hydrology investigates the movement, storage, and sustainable exploitation of water within
saturated zones beneath the earth’s surface. The subsurface profile is divided into the unsaturated (aeration)

zone and the saturated (phreatic) zone, separated by the water table. Key concepts include:



e Aquifers: Geological formations sufficiently permeable to store and transmit significant quantities of
groundwater; classified as confined, unconfined, or perched.

e Aquitards and Aquicludes: Layers of comparatively low permeability, restricting water movement.

¢ Groundwater Budget: Analytical balance of inflow, outflow, and change in storage, essential for
assessment of safe yield and long-term management.

Groundwater exploitation involves well design, pumping test interpretation, estimation of hydraulic

properties, and analysis of the cone of depression. Sustainable management balances extraction against

recharge, preventing issues such as overdraft, land subsidence, and water quality degradation.

3.4 Engineering Relevance and Contemporary Challenges

Flood risk reduction and groundwater development are cornerstones of modern water resources engineering.
Professionals are tasked with:

e Implementing robust flood forecasting and early warning systems,

e Designing infrastructure resilient to extreme hydrological events,

e Integrating surface and subsurface water analysis for comprehensive resource planning.

Contemporary challenges include the impact of urbanization, climate-induced hydrological extremes,
groundwater pollution, and the necessity for conjunctive use strategies in integrated basin management.
Innovative research, policy frameworks, and technological advances are critical to addressing these issues in

a sustainable manner.



