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PREFACE

Following the widespread acceptance and use of Wastewater Enginecring: Collection.,
Treatment, Disposal. and the many developments in the ficld since #t was first written.
we felt that an update of the book that included usc of the metric system was advisable.
This second edition has been prepared (1) to keep pace with the new technical developmunt
" in the field of environmental engineering since the publication of the first edition. (2) to
reflect the impact of recent federal legisiation dealing with water quality and polfution
control, (3) to provide leadershipin the wider adoption and use of the metric International
System of Units (or Si. for short) in the design and analysis of treatment facilitics. and
most importantly (4) to make the baok more useful for students, teachers, practeing
- engineers, and other users.
To meet the objectlves established for the sccond edition. it was necessary (o Tevise
and rewrite the first edition completely. Because the hasic data and information related
to the treaiment, disposal, and reuse of wastewater and sludge has expanded so

~ dramatically in thé past 6 years, the chapters in the first edition that deal with collection

and pumping of wastewater have been omitted from this edition. Accordingly. the subtile
of this edition has been chinged to Treatment, Disposal, Reuse.

.« The chapters that have been removed are to be issued along with new material as a
separate textbook entitled Collection and Pumping of Wastewater. The space made avail-
able by the omission of these chapters is being taken up by new material and expanded
coverage of first-edition material.

Passage of the Federal Water Pollution Control Act Amendments of 1972 (Public
Law 92-500) has had a major impact on wastewater engineeriny. New material presented
in this edition reflects the changes brought about by the law. With the establishment for
the first time!of national goals and objectives, greater emphasis has been placed on
reuse of wastewater and land disposal. A new chapter on land-treatment systems
addresses the important engineering aspects associated with the treatment and disposal
of wastewater and sludge on fand.

Most of the world is now using some form of metric units. For this recason and
because the Urlited Statcs is using them more and more, this edition uses the 51 system
along with conversions to U.S. customary units. Inasmuch as both sets of units will be in use
for some time to come., we have given complete conversion tables in Appendix A. To
increase the usefulness of the text, we have furnished conversions from metric-unit data
to U.S. customary units in footnotes to all tables.



X¥i PREFACE

To make this second edition more useful as a teaching and reference text. a number
of significant changes have becn made. To provide the reader with a general introduction
to the field of wastewater engineering, a new chapter on wastewater treatment objectives,
methods, and design has been provided. The matenal in this chapter is intended to serve
as an introduction to the chapters that follow it. Discussions dealing with fundamentals
of process analysis have been gathered together and amplified under the heading “Funda-
mentals of Process Analysis.” And to reflect current knowledge and practice, presentations
of the fundamentals of the unit operations and processes used for the treatment of waste-
water have all been revised. Sections dealing with the solids flux analysis for the design
of secondary settling facilities and the preparaiion of solids balances for alternative treat-
ment flowsheets are cited as two examples of the many new topics that have been
included in this edition.

In addition. more than 60 tables containing a summary of design data and information
are included. To illustrate basic concepts and physical appiications more clearly, approxi-
mately 200 drawings and 90 photographs are furnished. Of this number. about 120 of the
drawings and cssentially all the photographs are new.

Different example problems have been prepared for this edition. with units carried
through all the computational steps to facilitate the reader’s understanding of the principles
involved. Where appropriate. comments are included at the end of an example problem
to elucidate basic concepts and highlight additional applications. To make this edition
more useful, it has been reorganized such that the concepts and principles are stated clearly
so that the transition from basic principles to design applications follows a more logical
sequence. All these factors have contributed to making this book a more complete
presentation of wastewater engineering and management by the profession of consulting
engineering. i

Rolf Eliassen
Chairman of the Board
Metcalf & Eddy, Inc.

George Tchobanoglous
Professor of Civil Engineering
University of California. Davis
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CHAPTER

ONE
WASTEWATER ENGINEERING: AN OVERVIEW

Every community produces both liquid and solid wastes. The liquid portion—

wastewater—is essentially the water supply of the community after it has been

fouled by a variety of uses. From the standpoint of sources of generation,

wastewater may be defined as a combmatlon of the kquid or water-carried wastes

removed from residences, mstntunons and commercial and industrial esthblish-

ments, together with such groundwater, surface water, and storm water as may
-be present.

If untreated wastewater is aliowed to accumulate the decomposition of the
orgamc materials it contains can lead to the production of large quantities of
malodorous gases. In addition, untreated wastewater usually contains numerous
pathogemc or disease-causing mlcroorgamsms that dwell in the human intestinal
tract or that may be present in certain industnial wastes. It also contains
nutrients, which can stimulate the growth of aquatic plants, and it may contain
toxic compounds. For these reasons, the immediate and nuisance-free removal
of wastewater from its sources of generation, followed by treatment and disposal,
is not only desirable but also necessary in an industrialized society. In the
United States, it is now mandated by numerous federal and state laws.

Wastewater engineering is that branch of environmental engineering in which
the basic principles of science and engineering are applied to the problems of
water-pollution control. The ultimate goal—wastewater management—is the
protection of the environment in a manner comménsurate with economic, social,
and political concerns.

To provide an initial perspectlve of the treatment, disposal, and reuse of
wastewater, a brief review of the historical background, current status, and
expected new directions in these areas of wastewater engineering is presented in



