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Preface

During the past 12 years since the publication of the third edition of this textbook, the
number of new developments and changes that have occurred in the field of wastewater
engineering has been dramatic, especially with respect to

(1) the characterization of the constituents found in wastewater, both in terms of the
range of constituents and the detection limits;

(2) a greater fundamental understanding of the mechanisms of biological wastewater
treatment;

(3) the apptication of advanced treatment methods for the removal of specific con-
stituents; .

(4) the increased emphasis on the management of the biosolids resulting from the treat-
ment of wastewater; and

(5) the issuance of more comprehensive and restrictive permit requirements for the dis-
charge and reuse of treated wastewater.

The fourth edition of this textbook has been prepared to address the significant new
developments and changes that have occurred in the field and to correct other issues
with the third edition to make the fourth edition more user friendly. For example, the
theory and practice chapters, separated in the third edition, are now combined in the
fourth edition to provide subject continuity and eliminate redundancy. Because of the
importance of biological wastewater treatment, four separate chapters have been
devoted to this subject. The chapter on advanced wastewater treatment has been
expanded to include processes that are increasingly required to meet more stringent dis-
charge requirements. A new chapter on disinfection has been added to deal with recent
developments in the field. The chapter on reclamation and reuse has been revised com-
pletely and much new material has been added. Because of the importance of biosolids
management, an entire chapter is devoted to this subject. The issues of process design
and performance to meet more stringent permit requirements, including the upgrading
of existing treatment plants, are considered in Chapter 15.

IMPORTANT FEATURES OF THIS BOOK

Following the practice in the third edition, more than 100 new example problems have
been worked out in detail to enhance the readers’ understanding of the basic concepts
presented in the text. Wherever possible, spreadsheet solutions are presented. To aid in
the planning, analysis, and design of wastewater management systems, design data and
information are summarized and presented in more than 300 tables, most of which are
new. To illustrate the principles and facilities involved in the field of wastewater man-
agement, over 570 illustrations, graphs, diagrams, and photographs are included. To
help the readers of this textbook hone their analytical skills and mastery of the material,
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problems and discussion topics are included at the end of each chapter. Selected refer-
ences are also provided for each chapter.

The International Systern (SI) of Units s used in the fourth edition. The use of SI
units is consistent with teaching practice in most U.S. universities and in many coun-
tries throughout the world. In general, dual sets of units (i.e., SI and U.S. customary)
have been used for the data tables. Where the use of double units was not possible, con-
version factors are included as a footnote to the table.

To further increase the utility of this textbook, several appendixes have been
included. Conversion factors from International System (SI) of Units to U.S. Custom-
ary Units and the reverse are presented in Appendixes A—1 and A-2, respectively. Con-
version factors commonly used for the analysis and design of wastewater management
systems are presented in Appendix A-3. Abbreviations for Sl and U.S. Customary units
are presented in Appendixes A-4 and A5, respectively. Physical characteristics of air
and selected gases and water are presented in Appendixes B and C, respectively. Dis-
solved oxygen concentrations in water as a function of temperature are presented in
Appendix D. Tables of most probable numbers (MPN) are presented in Appendix E,
carbonate equilibrium is considered in Appendix F, and Moody diagrams for the analy-
sis of flow in pipes are presented in Appendix G.

USE OF THIS BOOK

Enough material is presented in this textbook to support a variety of courses for one or
two semesters or three quarters at either the undergraduate or graduate level. The spe-
cific topics to be covered will depend on the time available and the course objectives.
Suggested course outlines follow.

For a one-semester introductory course on wastewater treatment, the following
material is suggested:

Topic Chapter Sections
Introduction to wastewater freatment 1 All
Wastewater characteristics 2 All
Wastewater flowrates and constituent loadings 3 All
Introduction to process analysis 4 All
Physical unit operations 5 511058
Chemical unit operations 6 61, 672,
Introduction fo biological treatment of wastewater 7 All
Disinfection 12 12-1 to 12-5, 12-9
Water reuse 13 13-1 10 13-2
Biosolids management 14 Al

Introduction to treatment plant performance 15 15-1 10 15-3
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For a two-semester course on wastewater treatment, the following material is sug-
gested:

Topic Chapter Sections
Introduction fo wostewater freatment 1 All
Wastewater characteristics 2 All
Wastewater flowrates and constituent loadings 3 All
Introduction to process analysis 4 All
Introduction to treatment plant performance 15 15-1 10 15-3
Physical unit operations 5 All
Chemical unit aperations 6 All
Introduction to biological treatment of wastewater 7 All
Suspended growth biological treatment processes 8 All
Attached growth and combined biological treatment processes 9 9-1 10 9-5

Ancerobic suspended and attached growth treatment processes 10 10-1, 10-2, 10-4

Disinfection 12 All
Water reuse 13 All
Biosolids management 14 All
Process control and upgrading treatment plant performance 15 15-310 157

For a one-semester course on biological wastewater treatment, the following mate-
rial is suggested:

Topic Chapter Sections
Introduction to wastewater treatment 1 All
Wastewater characteristics 2 All
Introduction fo process analysis 4 All
introduction fo treatment plant performance 15 15-1 10 15-3
Introduction to biological treatment of wastewater 7 All
Suspended growth biological treatment processes 8 Al
Attached growth and combined biological treatment processes 9 All
Anaerobic suspended and attached growth treatment processes 10 All
Anaerobic and aerobic digestion and composting 14 14-9 1o 14-11
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For a one-semester course on wastewater reclamation and reuse, the following

material is suggested:

Topic Chapter Sections
introduction to wastewater treatment 1 All
Wastewater characteristics 2 All
Introduction to water reclamation and reuse 13 13-1
Introduction to risk assessment 13 13-3
Introduction to treatment plant performance 15 15-1t0 15-3
Advanced wastewater treatment (optional) 11 11-6
Disinfection 12 12-1 to 12-5,
12-7 10 12-9
Water reclamation technologies 13 13-4
Storage of reclaimed water 13 13-5
Reuse of reclaimed water 13 13-6to 13-9
Planning consideration for reclamation and reuse 13 10

For a one-semester course on physical and chemical unit operations and processes,
the following material is suggested. It should be noted that material listed below could

be supplemented with additional examples from water treatment.

Topic Chapter Sections
Introduction fo process analysis 4,15 All
Introduction to treatment plant performance 15 15-1 to 15-3
Introduction to physical unit operations
Mixing and flocculation 5 5-4
Sedimentation 5 5-5,5-7, 58
Gas fransfer 5 51110 5-12
Filtration {conventional depth filtration) 1 11-3,11-4
Membrane filtration 11 11-6
Adsorption 1 11-7
Gas stripping 511 5-13, 11-8
UV disinfection 12 12-9
Introduction to chemical unit processes 6-2
Coagulation 6 6-2
Chemical precipitation 6 6-3 10 6-5
lon exchange 11 11-9
Water stabilization 6 67
Chemical oxidation (conventional) 6 6-6
11 11-9

Advanced oxidation processes




