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Preface

AUDIENCE

Water Resources Engineering can be used for the first undergraduate courses in hydraulics,
hydrology, or water resources engineering and for upper level undergraduate and graduate courses
in water resources engineering design. This book is also intended as a reference for practicing
hydraulic engineers, civil engineers, mechanical engineers, environmental engineers, and
hydrologists.

TOPICAL COVERAGE

Water resources engineering, as defined for the purposes of this book, includes both water use and
water excess management. The fundamental water resources engineering processes are the hydro-
logic processes and the hydraulic processes. The common threads that relate to the explanation of
these processes are the fundamentals of fluid mechanics using the control volume approach. The
hydraulic processes include pressurized pipe flow, open-channel flow, and groundwater flow. Each
of these in turn can be subdivided into various processes and types of flow. The hydrologic processes
include rainfall, evaporation, infiltration, rainfall-runoff, and routing, all of which can be further
subdivided into other processes. Knowledge of the hydrologic and hydraulic processes is extended to
the design and analysis aspects. This book, however, does not cover the water quality management
aspects of water resources engineering.

HISTORY OF WATER RESOURCES DEVELOPMENT

Water resources development has had a long history, basically beginning when humans changed
from being hunters and food gatherers to developing of agriculture and settlements. This change
resulted in humans harnessing water for irrigation. As humans developed, they began to invent and
develop technologies, and to transport and manage water for irrigation. The first successful efforts to
control the flow of water were in Egypt and Mesopotamia. Since that time humans have continuously
built on the knowledge of water resources engineering. This book builds on that knowledge to
present state-of-the-art concepts and practices in water resources engineering.

NEW TO THIS EDITION

The Second Edition provides the most up-to-date information along with a remarkable range and
depth of coverage. In addition to other changes, two new chapters have been added that explore water
resources sustainability and water resources management for sustainability:

Chapter 2: Water Resources Sustainability, defines water resources sustainability, discusses
challenges and specific examples of water resources systems, as well as examples of water resources
unsustainability.

Chapter 19: Water Resources Management for Sustainability, introduces the idea of
integrated water resources management, law related to water resources, methodologies for both
arid and semi-arid regions, economics, systems analysis techniques, and uncertainty and risk-
reliability analysis for sustainable design.

ix



x Preface

Principles of Flow in Hydrosystems, which was previously Chapter 2 in the First Edition, has
now been integrated with Chapter 3 in the Second Edition.

Homework Problems: There are over 300 new problems in the Second Edition, resulting in a
total of over 670 end-of-chapter problems, expanding the applications to which students are
exposed.

New and updated graphics and photos: Over 50 new diagrams, maps and photographs have
been integrated throughout the chapters to reinforce important concepts, and support student
visualization and appreciation of water resources systems and engineering.

HALLMARK FEATURES

Breadth and Depth: The text includes a breadth and depth of topics appropriate for under-
graduate courses in hydraulics, hydrology, or water resources engineering, or as a comprehensive
reference for practicing engineers.

Control Volume Approach: Hydrologic and hydraulic processes are explained through their
relationship to the control volume approach in fluid mechanics.

Visual program: Hundreds of diagrams, maps, and photographs illustrate concepts, and
reinforce the importance and applied nature of water resources engineering.

CHAPTER ORGANIZATION

Water Resources Engineering is divided into five subject areas: Water Resources Sustainability,
Hydraulics, Hydrology, Engineering Analysis and Design for Water Use, and Engineering Analysis
and Design for Water Excess Management.

Water resources sustainability includes: Chapter 1 which is an introduction to water resources
sustainability; Chapter 2 addresses water resources sustainability; and Chapter 19 water resources
management for sustainability. Chapter 11 on water withdrawals and uses, Chapter 13 on water for
hydroelectric generation, and Chapter 14 on water excess management also contain material related
to water resources sustainability.

Hydraulics consists of five chapters that introduce the basic processes of hydraulics: Chapter 3
presents a basic fluid mechanics review and the control volume approach for continuity, energy, and
momentum; and Chapters 4, 5, and 6 cover pressurized flow, open-channel flow, and groundwater
flow, respectively. Chapter 18 covers the basics of sedimentation and erosion hydraulics.

Hydrology is covered in four chapters: Chapter 7 on hydrologic processes; Chapter 8 on rainfall-
runoff analysis; Chapter 9 on routing; and Chapter 10 on probability and frequency analysis.

Engineering analysis and design for water use consists of three chapters: Chapter 11 on water
withdrawals and uses; Chapter 12 on water distribution systems; and Chapter 13 on water for
hydroelectric generation.

Engineering analysis and design for water excess management includes four chapters: Chapter 14
on water excess management; Chapter 15 on stormwater control using storm sewers and detention;
Chapter 16 on stormwater control using street and highway drainage and culverts; and Chapter 17 on
the design of hydraulic structures for flood control storage systems.

COURSE SUGGESTIONS

Several first courses could be taught from this book: a first course on hydraulics, a first course on
hydrology, a first course on water resources engineering analysis and design, and a first course on
hydraulic design. The flowcharts on the following pages illustrate the topics and chapters that could
be covered in these courses.



MOTIVATION

WEB SITE

Preface xi

This is a comprehensive book covering a large number of topics that would be impossible to cover
in any single course. This was done purposely because of the wide variation in the manner in which
faculty teach these courses or variations of these courses. Also, to make this book more valuable to
the practicing engineer or hydrologist, the selection of these topics and the extent of coverage in each
chapter were considered carefully. I have attempted to include enough example problems to make
the theory more applicable, more understandable, and most of all more enjoyable to the student
and engineer.

Students using this book will most likely have had an introductory fluid mechanics course based
on the control volume approach. Chapter 3 should serve as a review of basic fluid concepts and the
control volume approach. Control volume concepts are then used in the succeeding chapters to
introduce the hydrologic and hydraulic processes. Even if the student or engineer has not had an
introductory course in fluid mechanics, this book can still be used, because the concepts of fluid
mechanics and the control volume approach are covered.

I sincerely hope that this book will be a contribution toward the goal of better engineering in the field
of water resources. I constantly remind myself of the following quote from Baba Diodum: “In the
end we will conserve only what we love, we will love only what we understand, and we will
understand only what we are taught.”

This book has been another part of a personal journey of mine that began as a young boy with an
inquisitive interest and love of water, in the streams, creeks, ponds, lakes, rivers, and oceans, and
water as rain and snow. Coming from a small Illinois town situated between the Mississippi and
Illinois Rivers near Mark Twain’s country, I began to see and appreciate at an early age the beauty,
the useful power, and the extreme destructiveness that rivers can create. I hope that this book will be
of value in your journey of learning about water resources.

The Web site for this book is located at www.wiley.com/college/mays and includes the following
resources:

e Errata listing: a list of any corrections that may be found in this book.

o Figures from text. non-copyrightable figures are available for making lecture slides or
transparencies.

o Solutions Manual for Instructors: Includes solutions to all problems in the book. This
resource is password-protected, and available only to instructors who have adopted
this book for their course. Visit the Instructor Companion site portion of the Web site at
www.wiley.com/college/mays to register for a password.



First Undergraduate Hydraulics Course

Qutcome

Optional materials can be
Introduction to book selected from these chapters

Review flow processes using
control volume concepts

Introduction to pipe flow

Introduction to
open-channel flow

Introduction to
groundwater flow

Introduction to
hydrologic processes

First Undergraduate Hydrology Course
Learning outcomes

Course introduction

Introduction to ground water
flow processes

Hydrologic process

Rainfall-runoff analysis
based upon unit hydrograph

Reservoir and river routing

Probability and frequency
analysis

Floodplain analysis

Hydrologic design:
storm sewer design and
storm water detention




Undergraduate Hydraulic Design Course

Review open-
channel flow

Storm sewers, storm
water detention,
open channels

Street and highway
drainage and
culverts

Design of spillways
and energy
dissipaters

Sedimentation
and erosion
hydraulics

y
/
Y

Review pipe flow

Water
distribution
systems

Hydropower
and energy
analysis

Water Resources Engineering and Sustainability

Introduction

Water resources
sustainability

Uses of water

Hydropower and
energy analysis

Water excess
management concepts,
including floodplain
management, flood
control alternatives,
risk-based analysis

Water resources
management for
sustainability

?'

(Section 10.6 & 10.7 Risk analysis)
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