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Securing and maintaining an adequate supply of water has been one
of the essential factors in the development of human settlements. The
earliest communities were primarily concerned with the quantity of water
available. Increasing population, however, has exerted more pressure on
limited high-quality surface sources, and contamination of water with
municipal, agricultural, and industrial wastes has led to a deterioration
of water quality in many other sources. At the same time, water quality
regulations have become more rigorous, analytical capabilities for detecting
contaminants have become more sensitive, and the public has become
more discriminating about water quality. Thus, the quality of a water source
cannot be overlooked in water supply development. In fact, most sources
of water require some form of treatment before potable use.

Water treatment can be defined as the processing of water to achieve
a water quality that meets specified goals or standards set by the end
user or a community through its regulatory agencies. Goals and standards
can include the requirements of regulatory agencies, additional require-
ments set by a local community, and requirements associated with specific
industrial processes.

The primary focus of this book is the principles of water treatment for
the production of potable or drinking water on a municipal level. Water
treatment, however, encompasses a much wider range of problems and ulti-
mate uses, including home treatment units and facilities for industrial water
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treatment with a wide variety of water quality requirements that depend
on the specific industry. Water treatment processes are also applicable to
remediation of contaminated groundwater and other water sources and
wastewater treatment when the treated wastewater is to be recycled for new
uses. The issues and processes covered in this book are relevant to all of
these applications.

This book thoroughly covers the fundamental principles that govern the
design and operation of water treatment processes. Following this intro-
duction, the next three chapters provide background information that is
necessary to understand the scope and complexity of treatment processes.
Chapter 2 describes the relationship between water quality and public health,
introduces the types of constituents that are present in various water sup-
plies, and outlines some of the challenges faced by water treatment pro-
fessionals. Chapter 3 introduces how the physicochemical properties of
constituents in water and other factors guide the selection of treatment pro-
cesses. Chapter 4 introduces the core principles necessary for understanding
treatment processes, such as chemical equilibrium and kinetics, mass bal-
ance analysis, reactor analysis, and mass transfer. Chapters 5 through 13 are
the heart of the book, presenting in-depth material on each of the principal
unit processes traditionally used in municipal water treatment. Chapter 14
presents material on the processing of treatment residuals, a subject that can
have a significantimpact on the design and operation of treatment facilities.

1-1 The Importance of Principles

From the 1850s to about the 1950s, water treatment facilities were frequently
designed by experienced engineers who drew upon previous successful
design practices. Improvements were made by incremental changes from
one plant to the next. Treatment processes were often treated as a ‘‘black
box,”” and detailed understanding of the scientific principles governing the
process was not essential in completing a successful design. In recent years,
however, significant changes have taken place in the water treatment indus-
try that require engineers to have a greater understanding of fundamental
principles underlying treatment processes. Some of these changes include
increasing contamination of water supplies, increasing rate of technological
development, and increasing sophistication of treatment facilities.

Early treatment practices were primarily focused on the aesthetic quality
of water and prevention of contamination by pathogenic organisms. These
treatment goals were relatively clear-cut compared to today’s requirements.
Since about the 1950s, tens of thousands of chemicals have been developed
for awide variety of purposes—about 3300 chemicals are produced in quan-
tities greater than 454,000 kg/yr (1,000,000 Ib/yr) in the United States.
Some chemicals have leaked into water supplies and have carcinogenic or
other negative health impacts on humans. Many water supplies are now
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impacted by discharges from wastewater treatment plants and urban storm
sewers. Engineers may be required to identify and design treatment strate-
gies for chemicals for which no previous experience is available. As will be
demonstrated in Chap. 3, treatment processes depend on well-established
physicochemical principles. If the scientific principles are understood, it is
possible to identify candidate processes based on the expected interaction
between the properties of the contaminants and the capabilities of the
processes. For instance, by knowing the volatility and hydrophobicity of a
synthetic organic chemical, it is possible to predict whether air stripping or
adsorption onto activated carbon is a more suitable treatment strategy.

Technology has been accelerating the pace at which treatment equip-
ment is being developed. Engineers are faced with situations in which
equipment vendors and manufacturers have developed new or innovative
processes, and the engineer is assigned the task of recommending to a
client whether or not the equipment should be evaluated as a viable option.
Potable water is a necessary part of modern society, properly working pro-
cesses are a matter of public health, and consumers expect to have water
available continuously. Practical knowledge of previous successful design
practices may not be sufficient for predicting whether new equipment
will work. Understanding the scientific principles that govern treatment
processes gives the engineer a basis for evaluating process innovations.

Treatment plants have gotten more complex. Sometimes facilities fail
to work properly and the engineer is called in to identify factors that are
preventing the plant from working or to recommend strategies to improve
performance. Often, the difference between effective and ineffective per-
formance is the result of scientific principles—a coagulant dose too low
to destabilize particles, a change in water density because of a change in
temperature, treatment being attempted outside the effective pH range. In
these instances, scientific principles can guide the decision-making process
regarding why a process is not working and what changes to operation
would fix the problem.

As a result, the range of knowledge and experience needed to design
water treatment facilities is extensive and cannot be learned in a single
semester in college; today’s design engineers need both knowledge about
the fundamental principles of processes and practical design experience.
This book provides a solid foundation in the former; other books focus
more on the latter, such as books by Kawamura (2000) and AWWA and
ASCE (2004). In addition, a companion book written by the authors, MWH's
Water Treatment Principles and Design, 3rd ed. (Crittenden etal., 2012), covers
both principles and design. While the coverage of that book is broad, it
is nearly triple the length of this book and is difficult to cover in detail
in a single engineering course. This book takes a focused approach on
principles of water treatment and does so with the perspective of applying
principles during design and operation so that it will serve as a useful
introduction into the field of water treatment.
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Another concept in this book is that sustainability and energy consumption
should be considered in selecting treatment processes, designing them,
and operating them. There are several reasons for this approach. First, the
withdrawal, conveyance, treatment, and distribution of potable water—and
subsequent collection, treatment, and discharge of domestic wastewater—is
one of the most energy-intensive industries in the United States. Only
the primary metal and chemical industries use more energy. A focus
on sustainability and energy considerations will help the water treatment
industry develop ways to be more efficient while conserving resources.
Water demand has grown in urban areas and adequate supplies of
locally available, high-quality water are increasingly scarce. Simultaneously,
the ability to detect contaminants has become more sophisticated, negative
health effects of some constituents have become more evident, regulations
have become more stringent, and consumer expectations of high-quality
water have become more strident. The growing trend toward use of poor-
quality water sources, coupled with these other effects, has stimulated a
trend toward more advanced treatment that requires more energy and
resources. Increasing energy and resource use will contribute to greater
pollution and environmental degradation; incorporating sustainability and
energy consumption into process and design practices will offset that trend
and allow higher levels of water treatment without the negative impacts.
Ultimately, the most important reason to consider sustainability in water
treatment plant design is an issue of leadership. Environmental engineering
professionals—the engineers who design water treatment facilities—ought
to be more knowledgeable about environmental considerations than the
general public and should demonstrate to other professions that successful
design can be achieved when the environmental impacts are taken into
account. The section on sustainability and energy considerations at the end
of each of the process chapters in this book is a small start in that direction.
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