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ABOUT THE AMERICAN WATER WORKS ASSOCIATION

The American Water Works Association is the authoritative resource
for knowledge, information, and advocacy to improve the quality and
supply of water in North America and beyond. AWWA is the largest
organization of water professionals in the world. AWWA advances public
health, safety, and welfare by uniting the efforts of the full spectrum of the
entire water community. Through our collective strength we become
better stewards of water for the greatest good of the people and the
environment.

American Water Works Association
6666 W. Quincy Ave.

Denver, CO 80235

303.794.7711

Www.awwa.org

Executive Director: David LaFrance

Director of Publishing: Liz Haigh

Sr. Manager of Editorial Development & Production: Gay Porter De
Nileon

ABOUT THE ENVIRONMENTAL & WATER RESOURCES INSTITUTE
OF THE AMERICAN SOCIETY OF CIVIL ENGINEERS

Founded in 1852, the American Society of Civil Engineers (ASCE)
represents more than 146,000 members of the civil engineering
profession worldwide, and is America’s oldest national engineering
society. Created in 1999, the Environmental & Water Resources
Institute (EWRI) is an Institute of the American Society of Civil
Engineers. EWRI services are designed to complement ASCE'’s
traditional civil engineering base and to attract new categories of
members who seek to enhance their professional and technical
development in the fields of environmental and water resource
engineering.

For more information on membership, publications, and conferences,
contact:

EWRI of ASCE
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PREFACE

Design practices for water treatment plants continue to evolve at a rapid
pace. Technologies considered new 10 or 15 years ago, such as
membrane processes and ultraviolet (UV) disinfection, are now
commonplace. Biological processes are gaining popularity as new and
better ways are found to exploit the ability of microorganisms to transform
a variety of regulated and unregulated contaminants, including
biodegradable products of ozone and advanced oxidation processes. The
growing emphasis on sustainable design to conserve energy and
material resources and reduce the environmental impacts of water
treatment facilities is addressed in a new chapter in this fifth edition and
in other chapters throughout this handbook.

The first version of Water Treatment Plant Design was published in
1939 as a manual of engineering practice for ASCE. In 1969, the manual
assumed book form and was updated to include a discussion of
developments in pretreatment and filtration processes. That edition was
the result of a joint effort between committees of ASCE, AWWA, and the
Conference of State Sanitary Engineers (CSSE), and was published by
AWWA. The next edition, considered the second edition of the book, was
produced in 1990 through a joint effort of AWWA and ASCE and
published by McGraw-Hill, which has continued to publish the book. The
material for each chapter was prepared by one or more authors and
reviewed by a joint committee of AWWA and ASCE members.

The third edition, published in 1998 and also a joint AWWA and ASCE
effort, was essentially a complete rewrite of the previous edition. A
steering committee made up of members from both associations guided
the revision process. The fourth edition, published in 2005, provided
significant new information on many important topics, including new
chapters on UV technologies and security.

This fifth edition further expands the book’s scope and substantially
updates the knowledge in most apsects of the water treatment plant
design field. A dedicated group of 90 authors from engineering firms,
water utilities, universities, and service companies revised existing
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chapters and wrote three new chapters—one on sustainability, one on
biological processes, and one on HVAC (heating, ventilating, and air
conditioning), plumbing, and air supply systems. Providing support to the
chapter authors was a large group of volunteers, individually identified in
the contributors section that follows this preface, who evaluated the
chapters in the fourth edition and reviewed the new or revised chapters
for the fifth edition. Gay Porter De Nileon, the AWWA senior manager of
editorial development and production, supported both the chapter authors
and the technical editors and provided coordination with ASCE, McGraw-
Hill, and other AWWA staff members.

Guiding the development of the fifth edition was a joint committee of
AWWA and ASCE members. The AWWA members were drawn from the
Water Treatment Facilities Design and Construction Committee of the
Engineering & Construction Division of AWWA, and the ASCE members
of the joint committee were drawn from two technical committees of
ASCE’s Environmental & Water Resources Institute (EWRI). The
members of the joint committee and the organizations they represented
on the committee (some are members of both organizations and all are
representing their profession as a whole) were:

lan P. D. Wright, P.Eng., Associated Engineering (AWWA; Joint
Committee Chair)

Robert A. Bergman, P.E., CH2M HILL (AWWA)

Douglas G. Brinkman, P.E., Black & Veatch (AWWA)

Bruce E. Burris, P.E., BCEE, USMC MCIWEST (ASCE)

Kevin Castro, P.E., BCEE, GHD Inc. (AWWA)

Russell Ford, Ph.D., P.E., BCEE, CH2M HILL (ASCE)

Neil A. Graff, P.E., HDR Engineering, Inc. (AWWA)

Michael B. Horsley, P.E., Black & Veatch (AWWA)

Brian L. Jordan, P.E., AECOM (AWWA)

Dennis R. Martenson, P.E., BCEE, F.ASCE, TKDA (ASCE)
Michael A. Oneby, P.E., MWH (AWWA)

Brian K. Parsons, P.E., EWRI Director (ASCE)

Stephen J. Randtke, Ph.D., P.E., University of Kansas (AWWA)
Warren E. Ringler, Roberts Filter Group (AWWA)

Gary R. Smith, P.E., Freese and Nichols, Inc. (AWWA)
Kwok-Wai Richard Tsang, P.E., M.ASCE, CDM Smith (ASCE)
Joseph M. Wong, P.E., BCEE, Brown and Caldwell (AWWA)
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Dennis R. Martenson, P.E., BCEE, F.ASCE, coordinated the
participation of many ASCE members, including those drawn from two
EWRI committees (the Water Supply Engineering Technical Committee
and the Water Systems Security Committee), who contributed by serving
as chapter evaluators and reviewers. Others contributing to the work of
the joint committee included: James K. Edzwald, Ph.D., BCEE
(Professor Emeritus, University of Massachusetts), who provided
valuable advice and helped coordinate preparation of this handbook with
the sixth edition of Water Quality & Treatment, for which he served as the
technical editor; Douglas F. Reed, P.E. (SEA Consultants), who served
as an advisor to the joint committee on behalf of AWWA's Engineering &
Construction Division; Arnold Strasser, P.E., M.ASCE (Denver Water),
who served as an advisor to the committee on behalf of EWRI's Water
Supply Engineering Technical Committee; Edward E. Baruth (AWWA),
technical editor for the fourth edition, who helped develop the scope of
the fifth edition; and Claire Arnault (Associated Engineering), who
arranged meetings, prepared minutes, and coordinated communications
for the joint committee.

For the convenience of readers, the chapters are organized as
follows:

» Chapters 1 through 4 provide an overview of the design process and
address master planning, process selection, final design, and
engineering needs during project construction and initial operation.
Chapter 2 is new to this edition and outlines the overall approach to
incorporating sustainable practices.

» Chapters 5 through 17 address design practices for the major
categories of unit treatment processes applicable to water treatment
plants. Chapter 17 is new to this edition and addresses biological
processes for potable water treatment.

» Chapters 18 through 21 cover the process support systems associated
with the design of water treatment facilities. Chapter 21, on hydraulics,
has been expanded significantly and now covers pumping more
completely, including energy efficiency considerations.

» Chapters 22 and 23 cover site development, environmental impact
assessment, and permitting for water treatment facilities.

» Chapters 24 through 28 cover design of other support systems
associated with water treatment facilities. Chapter 25 is new to this
edition and covers aspects of building and process support systems
applicable to water treatment facilities.
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» Chapters 29 through 33 discuss general topics essential to developing
a successful water treatment plant project.

Because of the rapid changes that the water treatment engineering
industry is undergoing, many chapters include a discussion of current
trends and anticipated future developments. These discussions attempt
to inform the reader of developments not yet in general practice, but that
may be soon.

Water Treatment Plant Design is a companion reference to the AWWA
handbook Water Quality & Treatment. Water Quality & Treatment
provides more in-depth coverage of drinking water standards,
regulations, and treatment objectives, and it emphasizes treatment
principles (theory) and applications (practice) rather than design, which is
the primary focus of Water Treatment Plant Design.

Michael B. Horsley, P.E.
Stephen J. Randtke, Ph.D., P.E.
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CONTRIBUTORS

Many individuals helped make the fifth edition of Water Treatment Plant
Design a valuable resource for the drinking water community and
especially for those involved in the design and construction of drinking
water treatment facilities. Credit for the content and quality of the fifth
edition of this handbook belongs first and foremost to the 90 authors who
prepared the book’s 33 chapters:

Thomas E. Arn Brown and Caldwell, Inc., Phoenix, Arizona (Chap. 31)
Stephen F. Baker MWH, Broomfield, Colorado (Chap. 30)

Daniel Bartholomew, P.E., S.E. Jordan Jones & Goulding, Inc.,
Norcross, Georgia (Chap. 26)

William D. Bellamy, Ph.D., P.E., BCEE CH2M HILL, Englewood,
Colorado (Chap. 17)

Robert A. Bergman, P.E. CH2M HILL, Gainesville, Florida (Chap. 15)
Sean Bolongaro, P.Eng. Associated Engineering, Burnaby, British
Columbia (Chap. 2)

Richard Brady, P.E., BCEE Richard Brady & Associates, San Diego,
California (Chap. 16)

Simon Breese, P.Eng., M.A.Sc. AECOM, Kitchener, Ontario (Chap. 8)
Michael V. Broder, P.E. Hazen and Sawyer, PC, New York, New York
(Chap. 10)

Nick L. Burns, P.E. Black & Veatch, Kansas City, Missouri (Chap. 11)
Bruce E. Burris, P.E., BCEE U.S. Marine Corps, MCIWEST, Camp
Pendleton, California (Chap. 2)

Kevin Castro, P.E., BCEE GHD Inc., Cazenovia, New York (Chap. 9)
Michael Chapman GHD Inc., Melbourne, Australia (Chap. 9)

Ronald F. Cilensek, C.C.M. Jacobs, Tucson, Arizona (Chap. 33)

M. Robin Collins, Ph.D., P.E. University of New Hampshire, Durham,
New Hampshire (Chap. 10)

Darryl J. Corbin, P.E. Carollo Engineers, Dallas, Texas (Chap. 22)
David A. Cornwell, Ph.D., P.E., BCEE EE&T, Inc., Newport News,
Virginia (Chap. 18)
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Christine A. Cotton, P.E. Malcolm Pirnie | ARCADIS, Los Angeles,
California (Chap. 12)

David F. Crawford, RA, LEED AP BD+C Malcolm Pirnie, the Water
Division of ARCADIS White Plains, New York (Chap. 24)

Steven E. Creel, P.E. American Water, Mt. Laurel, New Jersey (Chap.
20)

Simeon Dee, P.E., PEng. Associated Engineering, Burnaby, British
Columbia (Chap. 25)

Paul J. Delphos, P.E. Black & Veatch, Virginia Beach, Virginia (Chap.
7)

William B. Dowbiggin, P.E., BCEE CDM Smith, Raleigh, North
Carolina (Chap. 8)

John E. Dyksen, P.E. United Water Management & Services, Inc.,
Oradell, New Jersey (Chap. 6)

Findlay G. Edwards, Ph.D., P.E., BCEE University of Arkansas,
Fayetteville, Arkansas (Chap. 32)

Doug Elder, P.E. Black & Veatch, Kansas City, Missouri (Chap. 13)
Steven N. Foellmi, P.E. Black & Veatch, Irvine, California (Chap. 5)

R. Gary Fuller, P.E. HDR Engineering, Inc., Denver, Colorado (Chap. 4)
George P. Fulton Hazen and Sawyer, PC, New York, New York (Chap.
3)

Dale D. Gabel, P.E., BCEE CH2M HILL, Englewood, Colorado (Chap.
32)

Eduardo Galindo, AIA, LEED AP BD+C, CSI CDM Smith, Phoenix,
Arizona (Chap. 24)

Jesus Garcia-Aleman, P.Eng., Ph.D. CH2M HILL, Toronto, Ontario
(Chap. 15)

Julia V. Gass, P.E. Black & Veatch, Kansas City, Missouri (Chap. 25)
Dan C. Gay, P.E. Black & Veatch, Kansas City, Missouri (Chap. 20, App.
B)

Michael C. Gottlieb ResinTech, Inc., West Berlin, New Jersey (Chap.
14)

Mark J. Gross, P.E. Carollo Engineers, Phoenix, Arizona (Chap. 18)
Vincent S. Hart, P.E., LEED AP Carollo Engineers, Broomfield,
Colorado (Chap. 20, App. A)

Christie D. Hartnett, LEED AP BD+C, CDT Malcolm Pirnie, the Water
Division of ARCADIS, White Plains, New York (Chap. 24)

Jeffrey W. Henson, P.E. Black & Veatch, Kansas City, Missouri (Chap.
5)
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James C. Hesby, P.E. Black & Veatch, Rancho Cordova, California
(Chap. 11)

Michael B. Horsley, P.E. Black & Veatch, Kansas City, Missouri (Chap.
13)

Richard E. Hubel, P.E. Water Counsel LLC, Virginia Beach, Virginia
(Chap. 20, Apps. A, B)

Philip C. Kennedy, AICP CDM Smith, Cambridge, Massachusetts
(Chap. 23)

Karla Kinser, P.E. MWH, Denver, Colorado (Chap. 19)

Mark J. Kleveter, P.E. Black & Veatch, Kansas City, Missouri (Chap.
28)

David B. Kubel, PE. Black & Veatch, Rancho Cordova, California
(Chap. 27)

Shawn D. Labonde, P.E. Black & Veatch, Denver, Colorado (Chap. 33)
Thomas J. Lane, P.E. Malcolm Pirnie | ARCADIS, Long Island City,
New York (Chap. 1)

Raymond D. Letterman, Ph.D., P.E. Syracuse University, Syracuse,
New York (Chap. 7)

Karl G. Linden, Ph.D. University of Colorado, Boulder, Colorado (Chap.

12)

Peter M. Lloyd, P.E. Richard Brady & Associates, San Diego, California
(Chap. 28)

Paul Malmrose, P.E. Tighe & Bond, Middletown, Connecticut (Chap.
18)

Kerry Meyer, PE. CH2M HILL, Englewood, Colorado (Chap. 17)
Gerard R. Miller, Ph.D. Black & Veatch, Kansas City, Missouri (Chap.
5)

Melissa Moran, P.E., BCEE Malcolm Pirnie | ARCADIS, Indianapolis,
Indiana (Chap. 16)

Rory Morgan, B.Eng., MEngSC, CEng QGC—A BG Group Business,
Brisbane, Australia (Chap. 15)

Paul W. Moulton, P.E. AECOM, Wakefield, Massachusetts (Chap. 21)
Chandra Mysore, Ph.D., P.E., BCEE GHD Inc., Bowie, Maryland

(Chap. 9)

Joseph M. Nattress, P.E. CH2M HILL, Philadelphia, Pennsylvania
(Chap. 29)

David W. Nelson, P.E. Black & Veatch, Kansas City, Missouri (Chap.
25)

Robert Nerenberg, Ph.D., P.E. University of Notre Dame, Notre Dame,
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Indiana (Chap. 17)

Michael A. Oneby, P.E. MWH, Milwaukee, Wisconsin (Chap. 11)
Terrance D. Piekarz Phoenix Water Services Department, Phoenix,
Arizona (Chap. 31)

Robert R. Raczko, P.E. United Water Management & Services, Inc.,
Oradell, New Jersey (Chap. 6)

Stephen J. Randtke, Ph.D., P.E. University of Kansas, Lawrence,
Kansas (Chap. 13)

Steve Reiber, Ph.D. HDR Engineering, Inc., Seattle, Washington
(Chap. 19)

Joseph C. Reichenberger, P.E., BCEE Loyola Marymount University,
Los Angeles, California (Chap. 22)

Bruce E. Rittmann, Ph.D. Arizona State University, Tempe, Arizona
(Chap. 17)

Richard A. Rohan, P.E. AECOM-Libya, Tripoli, Libya (Chap. 30)
Christopher J. Savino Layne Christensen Company, Bridgewater, New
Jersey (Chap. 6)

Todd F. Schellhase, P.E., S.E. Black & Veatch, Kansas City, Missouri
(Chap. 26)

Holly L. Shorney-Darby, Ph.D., P.E. Black & Veatch, Kansas City,
Missouri (Chaps. 2, 4)

Betsy Shreve-Gibb, AICP AECOM, Wakefield, Massachusetts (Chap.
23)

John E. Spitko, Jr.,, PE. SSM Group, Inc., Reading, Pennsylvania
(Chap. 29)

Robert A. Stoops, P.E. Springfield Water and Sewer Commission,
Agawam, Massachusetts (Chap. 19)

Richard G. Stratton, PE. HDR Engineering, Inc., Folsom, California
(Chap. 4)

Paul D. Swaim, P.E. CH2M HILL, Englewood, Colorado (Chap. 12)
Juliana Tang, P.Eng., LEED AP Associated Engineering, Edmonton,
Alberta (Chap. 2)

Youneng Tang, Ph.D. Arizona State University, Tempe, Arizona (Chap.
17)

Ken A. Thompson CH2M HILL, Englewood, Colorado (Chap. 32)
Joseph G. Thurwanger, P.E. Aqua Pennsylvania, Inc., Bryn Mawr,
Pennsylvania (Chap. 29)

David A. Timmermann, P.E. Black & Veatch, Dallas, Texas (Chap. 22)
Terry M. Tobel, P.E. MWH, Broomfield, Colorado (Chap. 30)
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Matthew T. Valade, P.E. Hazen and Sawyer, PC, New York, New York
(Chap. 3)

G. Scott Watkins Nalco Crossbow Water, Glenwood, Illinois (Chap. 14)
Jane W. Wheeler CDM Smith, Cambridge, Massachusetts (Chap. 23)
John H. Wiedeman, P.E. Wiedeman and Singleton, Inc., Atlanta,
Georgia (Chap. 28)

Lindle D. Willnow, P.E. AECOM, Wakefield, Massachusetts (Chap. 21)
lan P. D. Wright, P.Eng.  Associated Engineering, Calgary, Alberta
(Chap. 1)

Mark P. Youngstrom, P.E. Otter Creek Engineering, Rutland, Vermont
(Chap. 10)

The work of the chapter authors was greatly facilitated by the efforts
of the authors, editors, reviewers, committee members, and others who
prepared previous editions of this handbook, which provided an excellent
foundation to build on. To guide the authors of the fifth edition, a team of
evaluators reviewed the chapters in the fourth edition and recommended
revisions to reflect current practice or to otherwise improve the book’s
content and organization. A number of evaluators were recruited from
AWWA's Water Treatment Facilities Design and Construction Committee,
EWRI's Water Supply Engineering Technical Committee, and EWRI’s
Water Systems Security Committee; other evaluators were recruited from
among experts recommended by members of these committees and the
joint committee. The evaluators were:

Robert A. Bergman, P.E. CH2M HILL, Gainesville, Florida

Lara N. Biggs, P.E. City of Evanston, Evanston, lllinois

George C. Budd, Ph.D., P.E. Black & Veatch, Harborton, Virginia
Bruce E. Burris, P.E., BCEE MCIWEST, Camp Pendleton, California
Ronald M. Cass, P.E., PMP MWH, Atlanta, Georgia

Kevin Castro, P.E., BCEE GHD Inc., Cazenovia, New York

Chris Chen, P.E. AECOM, Austin, Texas

Glen H. Dostal, P.E. HDR Engineering, Inc., Omaha, Nebraska

Garry E. Drachenberg, P.Eng. Associated Engineering, Edmonton,
Alberta

Russell Ford, Ph.D., P.E., BCEE CH2M HILL, Parsippany, New Jersey
Dan C. Gay, P.E. Black & Veatch, Kansas City, Missouri

Neil A. Graff, P.E. HDR Engineering, Inc., Austin, Texas

Mike M. Harper, P.E. Black & Veatch, Kansas City, Missouri
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Michael B. Horsley, P.E. Black & Veatch, Kansas City, Missouri

Karla Kinser, P.E. MWH, Denver, Colorado

Mark J. Kleveter, P.E. Black & VVeatch, Kansas City, Missouri

David S. Koch, P.E. Black & Veatch, Grand Rapids, Michigan

Gary S. Logsdon, Ph.D., P.E. Fairfield, Ohio

Dennis R. Martenson, P.E., BCEE, FASCE TKDA, St. Paul, Minnesota
Leigh McDermott, P.Eng. Stantec Consulting Inc., Kitchener, Ontario
Jeff J. Neemann, P.E. Black & Veatch, Kansas City, Missouri

Michael A. Oneby, P.E. MWH, Milwaukee, Wisconsin

Richard E. Pedrotti R.E. Pedrotti Company, Mission, Kansas

Stephen J. Randtke, Ph.D., P.E. University of Kansas, Lawrence,
Kansas

Warren E. Ringler Roberts Filter Group, Media, Pennsylvania

Kurt P. Rogenmuser Roberts Filter Group, Media, Pennsylvania

Gary R. Smith, P.E. Freese and Nichols, Inc., Austin, Texas

Mike A. Spiezio, P.E. Black & Veatch, Kansas City, Missouri

Cecil R. Stegman Black & Veatch, Kansas City, Missouri

Mark P. Stiles, P.E. Black & Veatch, Kansas City, Missouri

Dennis J. Trupka, R.A. Black & Veatch, Kansas City, Missouri

Mark A. Waer, Ph.D. Hatch Mott MacDonald, Vancouver, British
Columbia

Joseph M. Wong, P.E., BCEE Brown and Caldwell, Walnut Creek,
California

lan P. D. Wright, P.Eng. Associated Engineering, Calgary, Alberta

A draft of each chapter was reviewed by a group of professional
experts who provided comments used by the authors and technical
editors to improve the final version of the chapter. At least one reviewer
for each chapter was a member of the joint AWWA—-EWRI committee that
guided preparation of this handbook. The reviewers, who generously
donated their time and effort to this important task, were:

Stephen T. Baker Washington State Department of Health, Olympia,
Washington

Peter J. Barthuly, P.E. CDM Smith, Cambridge, Massachusetts

James L. Bartlett, P.E. Brown and Caldwell, Walnut Creek, California
William C. Becker, Ph.D., P.E. Hazen and Sawyer, PC, New York, New
York

Wayne E. Bernahl W. Bernahl Enterprises, EImhurst, Illinois
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David F. Besinger, P.E. HDR Engineering, Inc., San Antonio, Texas
Cliff L. Bowen, P.E. Homeland Security, Northern California Field Office
Douglas G. Brinkman, P.E. Black & Veatch, Gaithersburg, Maryland
Greg H. Brown  Pacific Service & Supply Co., Inc., North Plains,
Oregon

Jess C. Brown, Ph.D., P.E. Carollo Engineers, Sarasota, Florida
Ronald E. Brown, P.E., BCEE, PMP HDR Engineering, Inc., Bellevue,
Washington

Nick L. Burns, P.E. Black & Veatch, Kansas City, Missouri

Bruce E. Burris, P.E., BCEE MCIWEST, Camp Pendleton, California
Ronald M. Cass, P.E., PMP MWH, Atlanta, Georgia

Kevin Castro, P.E., BCEE GHD Inc., Cazenovia, New York

Chris Chen, P.E. AECOM, Austin, Texas

William F. Clunie, P.E. AECOM, Wakefield, Massachusetts

Bradley M. Coffey, P.E. Metropolitan Water District of Southern
California, La Verne, California

David A. Cornwell, Ph.D., P.E., BCEE EE&T, Inc., Newport News,
Virginia

Stephen S. Deem, P.E. Washington State Department of Health, Kent,
Washington

Kevin L. Dixon CH2M HILL, Atlanta, Georgia

Glen H. Dostal, P.E. HDR Engineering, Inc., Omaha, Nebraska

C. Michael Elliott, P.E. GHD Inc., Cazenovia, New York
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Russell Ford, Ph.D., P.E., BCEE CH2M HILL, Parsippany, New Jersey
Scott D. N. Freeman, P.E. Black & Veatch, Kansas City, Missouri
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who provided essential logistical and editorial support from start to finish.
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CHAPTER 1
THE CHALLENGE OF WATER TREATMENT PLANT DESIGN

lan P. D. Wright, P.Eng.

VP Water
Associated Engineering
Calgary, Alberta
Thomas J. Lane, P.E.
Watersheds and Supply Leader
Malcolm Pirnie | ARCADIS
Long Island City, New York

THE PURPOSE OF THIS HANDBOOK

Water Treatment Plant Design is intended to serve as the primary
reference for engineers who take on today’s challenges of water
treatment plant design. It covers the organization and execution of a
water treatment plant project from planning and permitting through
design, construction, and start-up.

The book is aimed at project engineers and managers: those
professional engineers who lead the group of specialists who make up
the design team. Generally, these individuals are graduates of civil or
environmental engineering programs and are registered professional
engineers.

For certain topics, especially the practical application of water
treatment unit processes, this book aims to be an authoritative reference
for use by design engineers. For other topics, only a general discussion
of major concepts and issues is provided, and the reader is referred to
more specialized references for detailed information.

Many books in circulation address water supply, water treatment, and
related topics. As a joint publication of the American Water Works
Association (AWWA) and the American Society of Civil Engineers
(ASCE), Water Treatment Plant Design attempts to present an industry
consensus on current water treatment plant design practices.
BACKGROUND

As water treatment engineering evolved in the early part of the twentieth
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century, its main goal was to ensure that infectious organisms in drinking

water supplies were removed or inactivated. Chlorination and filtration

practices were applied with tremendous success to the point that major
death-causing waterborne disease outbreaks in the United States were
almost entirely eliminated by the 1930s.

As a result, for engineers trained in the 1960s, 1970s, and 1980s,
both education and industry belief was that all concerns of
microbiological contamination in surface waters could be eliminated by
providing filtration (with suitable pretreatment) to produce water of
sufficient clarity, followed by chlorination. Groundwater was thought to be
already filtered, requiring only chlorination to maintain a distribution
system residual. Any additional treatment was generally considered
necessary only to address non-health-related parameters, such as
excessive hardness or water discoloration caused by iron and
manganese.

The principal challenge to water treatment engineers in the 1960s and
1970s was engineering cost-effectiveness: how to accomplish these
simple treatment goals at the lowest total cost to the water utility. Thus, in
these decades many new techniques and processes were developed to
clarify surface water economically.

In the 1970s and 1980s a new drinking water concern arose: the
potential long-term health risks posed by trace amounts of organic
compounds present in drinking water, including disinfection by-products
(DBPs). A wave of regulations ensued, with new maximum contaminant
levels (MCLs) established for total trihalomethanes (TTHMs), synthetic
organic chemicals (SOCs), and volatile organic chemicals (VOCs). This
trend continues today. In response to this concern and resulting
treatment needs, water treatment engineers successfully devised new
methods of water treatment to remove organic compounds. These
methods included processes such as air stripping, activated carbon
adsorption, and enhanced coagulation.

In the 1990s the old concern about microbiological contamination
reemerged as a primary focus of water treatment engineers. The main
driving forces behind this development were:

» The promulgation of the Surface Water Treatment Rule and Total
Coliform Rule by the U.S. Environmental Protection Agency (USEPA)
and the monitoring and enforcement actions that have occurred since
1989, when they went into effect.

» Documented outbreaks of waterborne disease, mainly giardiasis and
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cryptosporidiosis, caused by contamination of drinking water supplies
by cysts and oocysts rather than bacteria or viruses.
New approaches and processes were applied to address these concerns.
These approaches included renewed emphasis on source water
protection, optimizing plant performance, and recycle stream
management, plus consideration of new technologies, especially
membrane treatment, ozonation, and ultraviolet (UV) irradiation.

The new millennium brought a series of new challenges. The terrorist
attacks in September 2001 resulted in far greater emphasis on security of
water infrastructure and risk management, such as reducing the transport
of hazardous chemicals. Research into the health effects of several
inorganic contaminants such as arsenic and lead resulted in reduced
MCLs. The concerns with lead are often related to piping and fixture
corrosion, so there is increased emphasis on water stability in the
distribution system and premises plumbing. Related to this was the
introduction of regulations that move the point of quality monitoring from
the plant effluent to the customer’s tap. New, emerging pathogens are
being discovered and their potential occurrence and treatability in water
supplies are being evaluated.

There is concern over the possible health effects of numerous
microconstituents, including new classes of constituents emanating from
modern human life, such as pharmaceutical compounds, personal care
products (PCPs), and endocrine disrupting chemicals (EDCs). In the last
few years, substantial media attention has brought these categories of
pollutants into the center spotlight. While these chemicals may have been
in the environment for a while, detection technology has improved, and
trace amounts are now being routinely detected in water supplies. Yet the
science of their impact on humans and the environment has not kept up,
and little is known about their actual effects. Planned and unplanned
recycling of municipal wastewater into raw water sources is also gaining
increased attention as a potential source of these compounds.

The impacts of these recent developments on the design
requirements for water treatment facilities are yet to be determined.

In the last decade, new water treatment technologies have continued
to be developed and older technologies improved. Notable
advancements include:

» Continued development and maturing of membrane technologies.
Microfiltration and ultrafiltration are frequently being used in lieu of
granular media filtration for particle removal. Nanofiltration is being
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used increasingly for water softening and removal of organic carbon.
Reverse osmosis has new emphasis for desalination applications and
for removal of inorganic contaminants (e.g., arsenic).

* Increased use of biologically active granular media filters, often
following ozonation, for removal of organics; and the development of
biological processes for applications such as removal of iron from
groundwater.

» Development of new and improved advanced oxidation processes that
increase formation of the hydroxyl radical, resulting in the ability to
break down many contaminants of concern.

» Refinement of UV disinfection system performance such that the
applied dose can usually be reduced from that required several years
ago to achieve a given process objective.

TODAY’S CHALLENGES
Engineers who design water treatment systems today face many
challenges. Not only are there new challenges, but the past challenges
are cumulative and must all still be addressed. Some challenges are
conflicting, such as the need for more effective disinfection and the need
to reduce disinfection by-products. However, the greatest challenges
today are not treatment process driven but can have a huge effect on
treatment process selection and water supply development. The most
important of these are described as follows.

Limited Water Resources

Increased competition for water resources has resulted in a drive to

maximize the use of the available water resources. This has produced a

number of new challenges:

1. There is an increased focus on selecting the most water-efficient
processes.

2. The water in the produced residuals is increasingly being recovered
and either recycled or reused.

3. Lower quality source waters increasingly have to be employed.

4. The available water inventory has to be managed carefully,
sometimes using techniques such as aquifer storage and recovery,
which may also present new treatment challenges.

Sustainable Water Supply and Treatment Facilities

There is growing emphasis on designing and delivering water supply and

treatment facilities that are far more sustainable. Today’s engineers are

often called upon to optimally use or reuse existing infrastructure and
materials; to limit or reduce a facility’s physical and environmental
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footprints; to conserve and recover energy; to minimize chemical use and
solids production; to evaluate and perhaps incorporate alternative
sources of energy, especially those able to produce a net reduction in
greenhouse gas emissions; to develop plans to economically manage
residuals in an environmentally sound manner; and to consider various
environmental benchmarking and accounting procedures such as carbon
footprinting. All this, while meeting the process and budgetary objectives.
Climate Change Unknowns

Climate change concerns are closely interrelated with the challenges of
limited water resources and the need to deliver sustainable plants.
However, because much remains unknown, the impacts of climate
change are difficult to design for. For example: Will the source water area
experience more or less precipitation? Will flood zones be altered? Will
the region see an increase in average temperatures or more extremes?
To what degree should the design engineer make provisions for these
potential changes, recognizing that such provisions may result in
increased project cost or undesirable social impacts?

Other Environmental Changes

Human activity, climate change, and sometimes the need to use water
sources with competing uses have increased the number of
environmental conditions that must be addressed. For example:
Introduction of non-native species, such as zebra mussels or quagga
mussels, to a watershed may result in additional process elements being
needed. Thermal or chemical pollution may result in different species
being present or in treatment process impacts.

There is increased sensitivity to the ultimate impact of wastes from
water treatment plants on the environment. While traditionally the major
concerns have been with residual suspended solids, the dissolved
constituents in waste streams are now receiving considerable attention.
For example: The impact of discharges from desalination and ion-
exchange softening processes on receiving bodies of water or on
municipal wastewater slated for beneficial reuse may be a major factor
affecting plant design.

Public Interest and Participation

In past decades, water treatment projects and the resulting drinking water
guality were generally out of the public limelight. However, media
attention to water issues and the explosion of global communication
capability have resulted in far more interest by the public in their drinking
water. As a result, the design engineer needs to be able to effectively
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communicate the aspects of the project of interest to the public. There
may also be new requirements as a result of public perception or values
that do not align with the purely technical requirements. A good example
is the increased public pressure to remove certain microconstituents
where presently no scientific evidence exists that shows these materials
pose a threat to public health at the levels found in the source water.

Increasingly, the public is demanding that utilities pay more attention
to the aesthetic quality of the water delivered. At many locations,
treatment process trains are being modified or expanded to reduce tastes
and odors, iron and manganese, color and hardness.
Asset Management
It has become increasingly important to recognize that the design and
delivery of a plant is but part of the total life cycle of the asset, and this is
closely connected with the challenge of designing sustainable facilities.
For new facilities, asset management may mostly involve optimizing the
life-cycle cost, much as was done in the past but with the addition of
facility management resources such as component databases. However,
most projects involve changes to existing infrastructure. Deciding what to
change and when and how to implement changes to an existing plant to
achieve the best value of the asset over its life is far more challenging
when the objective is to find the optimum combination of life-cycle cost,
performance, constructability, and risk management.
Regulatory Uncertainties
The majority of the USEPA drinking water regulations promulgated during
the 1990s are now in place. In the coming years, a major emphasis for
water treatment engineers in the United States will be plant modifications
to help utilities comply with the USEPA's Stage 2 Disinfectants and
Disinfection By-Products Rule and the Long-Term 2 Enhanced Surface
Water Treatment Rule. In many cases, the challenge will be to develop
and implement more efficient methods for removing disinfection by-
product precursors from the raw water. This will mean optimization of the
traditional processes of coagulation, ozonation, and granular activated
carbon (GAC) adsorption, as well as consideration of new processes
such as magnetic ion exchange. In other cases, the primary challenge
will be to increase disinfection, to reduce the risk of protozoan infections,
without significantly increasing DBP formation.

The science of drinking water continues to advance, and development
of knowledge regarding the risks to public health due to emerging
contaminants and pathogens is being closely monitored. After
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considering more than 7,500 potential new contaminants for regulation,
the USEPA has recently developed a short list (the final third drinking
water Contaminant Candidate List, or CCL3) of 116 for further
consideration for possible rule making. Thus, today’s treatment system
engineer, in addition to addressing current drinking water standards, must
anticipate potential future requirements. A water system designed today
must be designed with sufficient flexibility to be modified to meet these
potential requirements.

Regulatory uncertainties extend to other environmental concerns
important to water treatment plant design, including waste management
practices, chemical storage and feed operations, energy conservation,
workplace safety, and security.

New Technologies

The state of the art of water treatment plant design is continually
changing as new technologies emerge, offering new unit processes for
water treatment or making currently used processes more efficient or
economical. In addition, advances in information technology and building
materials are rapidly changing and improving the support systems
associated with water treatment plants. Many new treatment processes
are proprietary, and the detailed design of these processes is performed
by the manufacturer. This leads to challenges in obtaining competitive
pricing for the process and also in incorporating the process into the
overall plant. When a process from a single manufacturer is employed in
a new facility, a design/ build project delivery may be preferable.
However, when several proprietary processes are involved or the work
involves a complex retrofit, then other approaches may be preferable.

Advancement continues in materials of construction applicable to all
aspects of water treatment plant design. Many of these materials move
away from the traditional ferrous metals, copper, and alloys. They offer
advantages in terms of corrosion resistance, weight, and cost. However,
they can be more fragile and less durable, with uncertain service lives
and possibly unforeseen health or environmental impacts. Water
treatment engineers must stay informed of developments and industry
experience and make balanced decisions in this important area.
Multidiscipline Teams
A water treatment plant engineering design team traditionally consisted
simply of a small group of civil engineers. This single-discipline team
performed the majority of design work for virtually all plant components.
Support disciplines of architects and structural, electrical, and mechanical
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engineers were used to execute the basic decisions made by the design
team.

Today, the complexity of project and regulatory requirements dictates
that a far more multidisciplined approach be used. Typically, a small
group of civil engineers remain as the project engineers, but this group
uses the expertise and resources of many different specialists to execute
the design. In addition to traditional design support disciplines, these may
include.

* Process engineers

Plant operations specialists

Instrumentation and control engineers

Health and safety specialists

Environmental scientists

Specialists in environmental permitting and public participation

Major design decisions today are no longer made unilaterally by the
project team. Instead, a consensus is reached after participation by
members of the design team and by individuals outside the team,
including owners, operators, regulatory agencies, and the general public.
Project Delivery

The traditional procedure for construction of a new water treatment plant
was for the engineering design and specifications to be prepared by an
engineering firm or the owner’s in-house staff. Bids were then taken, and
the contract was awarded to the lowest responsible bidder. The design
team usually monitored construction to see that the design intent was
carried out, and after construction was completed, the facilities were
operated by the owner.

Today, a number of changes and variations to this traditional
approach are being implemented. Common alternatives include
design/build, design/build/operate, engineer/procure/ construction-
management, and full privatization. All of these have various advantages
and disadvantages that should be carefully evaluated for each situation
where alternative forms of delivery are being contemplated.

In addition, a global marketplace for water treatment engineering has
developed. Ideas, practices, products, and services are being exchanged
among countries all over the world. In North America, there is increasing
consideration of European and Australian treatment practices,
technologies, and firms, and similar changes are occurring on other
continents.

Two new trends are affecting design of all types of capital projects,
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including water treatment plants. The first is the rapid advancement of
building information modeling (BIM). BIM offers the designer, constructor,
and operator great features, including: 1) the ability to create 3D
visualizations as the design is developed; 2) the ability to share aspects
of the model among the designer, equipment suppliers, contractors, and
operators; and 3) the ability to integrate the asset and maintenance
management needs of the owner into the model. The second trend is the
growing practice of following formal, documented procedures in the
development of the design. These include documentation of design
calculations and assumptions, full quality management plans, and more
detailed and transparent construction cost estimating.

DEVELOPMENT OF WATER TREATMENT DESIGN PROJECTS

Thus, the challenge for today’s design engineer is to collaborate with the
owner, major stakeholders, and all members of the design team to
conceive, design, and help implement a successful water treatment
project. The trends and issues discussed in this chapter must be taken
into account throughout the design process.

The design process extends from the time when the need for a project
is identified to the time that the completed project is placed into service.
For the traditional project delivery procedure, the period before
construction commences can generally be divided into the following
phases:

1. Master planning. Quantity and treatment needs, and feasible options
for attaining those needs, are established in a report. In subsequent
phases, this report may be periodically updated to adjust to both
system and regulatory changes.

2. Process train selection. Unless reliable data are already available and
the process is well-proven for the application, viable treatment options
are subjected to bench, pilot, and full-scale treatment investigations.
This testing program provides background data sufficient in detail to
enable decisions on selecting the more advantageous options for
potential implementation. These tests also provide design criteria for
major plant process units.

3. Preliminary design. In this fine-tuning procedure, feasible alternatives
for principal features of design, such as location, treatment process
arrangement, type of equipment, and type and size of building
enclosures are evaluated. In this phase, preliminary designs are
prepared in sufficient detail to permit development of meaningful
project cost estimates. These estimates help in evaluating and
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selecting options to be incorporated into the final design and allow the

owner to undertake the required project financial planning.

4. Final design. Contract documents (drawings and specifications) are
prepared that present the project design in sufficient detail to allow for
gaining final regulatory approvals, obtaining competitive bids from
construction contractors, and actual facility construction.

The process train selection phase is only briefly covered in this book.
Theory and procedures needed for this phase are the focus of Water
Quality & Treatment (AWWA, 2010b). It is important that the interface
between design phase 1 and phase 2 and between phase 2 and phase 3
be carefully coordinated to allow uninterrupted continuity of design. In
other words, viable options developed for consideration in phase 1,
master planning, should provide a base for developing unit process test
studies in phase 2. The process train selected in phase 2 provides the
basis for phase 3, preliminary design, in which other factors influencing
design are included in the evaluations before criteria for the final design
are developed and finalized.

Many technical and nontechnical individuals must be involved, not
only during the four phases of project development, but also between
these phases to ensure that a project proceeds without undue delay. In
addition to the engineer’s design staff and the owner, participants may
include public health and regulatory officials, environmental scientists,
and the public—who may be affected by both the proposed construction
and the future water supply services to be provided. Where other forms
of project delivery are used, the owner’s engineer may take the project
through the first two or three phases and then issue performance
specifications and other documentation for use by the private consortium
or other entity. The reader is directed to AWWA Manual of Water Supply
Practices M47, Capital Project Delivery (AWWA, 2010a), for additional
details.

Careful coordination of the various phases and entities involved
provides the owner and the engineer with the opportunity to develop the
most advantageous treatment solutions and designs, and helps avoid
pitfalls in the schedule and decisions that might add to the cost of the
project.
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INTRODUCTION

The engineering and scientific achievements in water treatment in the
last 100 years have immensely improved the quality and safety of potable
water. Engineers and scientists have become proficient and creative in
functional water treatment designs; however, we must now do our part in
helping society address other environmental challenges, including
climate change, ecological impacts such as deforestation, and various
forms of pollution. Conventional water treatment processes can consume
significant amounts of energy and material resources, and they can
generally be considered contributors to these environmental problems.

Sustainable design is based on a holistic approach that considers
source water extraction and protection, water conservation, residual
waste management, optimal resource utilization, and energy
conservation. The intent of such design is to minimize environmental
impact while continuing to provide sufficient, safe drinking water.
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This chapter offers the reader some sustainable engineering
considerations when designing a water treatment plant. It provides an
overview, can serve as the basis for technical discussions, and makes
reference to other chapters of this handbook and other published works
for more detailed information regarding related subjects.

SUSTAINABLE ENGINEERING

The World Commission on Environment and Development (Brundtland
Commission) in its report, “Our Common Future: Report of the World
Commission on Environment and Development” (Brundtland
Commission, 1987) said of sustainable development, “humanity has the
ability to make development sustainable to ensure that it meets the
needs of the present without compromising the ability of future
generations to meet their own needs.” In this report, the scientific
community unanimously agreed that the aggressive industrialization of
the first-world countries had caused havoc to the environment, and new
approaches must be designed and implemented to better manage
environmental resources and sustain human development.

Poor environmental resource management and heavy reliance on
nonrenewable resources result in negative impacts such as ozone
depletion; soil, water, and air pollution; deforestation; and climate change.
The devastating effects on our natural world include loss of habitat, loss
of plant and animal species, and deterioration of human health. On a
social behavioral level, this leads to labor exploitation and conflicts over
natural resources, including water.

Sustainable engineering observes the practice of minimal impact to
the environment, avoids resource depletion and pollution, conserves
energy, and potentially improves the current condition of the environment.
MAJOR ENVIRONMENTAL ISSUES

The practice of engineering for sustainability requires a good
understanding of the environmental issues that we are currently facing.
The following discusses the two main stressors that have negative
environmental consequences on water supply.

Water Stress

The earth’s surface consists of approximately 30 percent land mass and
70 percent water. Of the 70 percent water, only about 3 percent is
freshwater, two-thirds of which is stored in glaciers and as groundwater;
the remaining 1 percent is stored in surface water bodies such as lakes,
streams, and rivers. While most of this water is naturally replenished,
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there is a finite amount of freshwater available for consumption at any
specific time.

Several reports from the U.S. Census Bureau and the United Nations
(United Nations Department of Economic and Social Affairs, 2011)
concurred that the current world human population is 7 billion and is
estimated to grow to 9 billion by 2040. This exponential population growth
and aggressive demand for water in daily consumption, manufacturing,
mining, and agriculture has put a tremendous stress on both hydrological
and social systems.

Freshwater from groundwater and surface water is being consumed
faster than the rate at which the earth can replenish itself. Water pollution
from inadequately treated sewage and chemicals in the natural water
sources has rendered some lakes and river systems unsafe for
human/animal consumption or contact. Wetlands, which are the “lungs
and kidneys” of the water sources, are slowly being stressed or
destroyed due to development, diversion, and overconsumption.

It is estimated that more than 1 billion people do not have access to
safe drinking water, and the vast majority of these people are living in
developing countries. This is increasingly the subject of conflict, as the
demand for freshwater increases with population growth.

Climatic Stress

The Intergovernmental Panel on Climate Change (IPCC) defines climate
change as “a change in the state of the climate that can be identified by
changes in the mean and/or the variability of its properties, and that
persists for an extended period” (IPCC, 2007). The United Nations
Framework Convention on Climate Change (United Nations, 1992)
defines climate change in Article 1 of the Convention as “a change of
climate that is attributed directly or indirectly to human activity that alters
the composition of the global atmosphere and that is in addition to natural
climate variability observed over comparable time periods.” Whether or
not climate change is a result of anthropogenic (human) activity is not
without controversy; however, the scientific community agrees on the
reported evidence of increased global air and ocean temperature,
widespread melting of snow and ice, and rising global average sea level
regardless.

The increase in global temperature is believed by many scientists to
be related to increased emissions of greenhouse gases and their
subsequent accumulation in the atmosphere. An assessment by the
IPCC, in the Climate Change Synthesis Report (IPCC, 2007), indicated
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that greenhouse gas (GHG) emissions due to human activities increased
70 percent between 1970 and 2004 with approximately 56 percent of the
increase attributed to fossil fuel consumption, mainly in manufacturing,
agriculture, mining, construction, and transportation. Absorption of solar
energy can also be affected by the rapid changing of the earth’s surface;
urbanization, deforestation, air pollution, and intensive agriculture are
altering earth’s energy balance.

Climate change is believed to be causing changes in extreme weather
patterns and in the extent of glaciation. Global extreme weather events
such as floods or extended periods of drought can dramatically affect the
ability of a water supply system to provide freshwater. Rising global
temperatures are believed to be causing glaciers and ice to rapidly melt,
thus diminishing this freshwater resource for communities that depend on
them.

Long-term adverse effects of climatic stress can include loss of
habitat, reduction in food sources and availability of freshwater, and
extinction of plant and animal species. Both acute and chronic changes in
climate can also have unforeseen impacts on existing water treatment
infrastructure.

ANALYTICAL TOOLS

Several tools and guidelines are available to aid designers and engineers
in achieving or striving toward sustainability. These tools are described in
the following sections.
Carbon Footprints

Carbon footprint is a term used to describe the total amount of
greenhouse gas emitted through the use of nonrenewable energy during
the use or production of material, or while operating equipment, devices,
or a system. A carbon footprint inventory provides a summary of how
much greenhouse gas is emitted from a system and its components,
which is useful in devising strategies to reduce the GHG emissions.

Carbon footprints are usually measured and reported in units of
carbon dioxide equivalents in metric tons (e.g., tCO, e). As a measurable
guantity, carbon footprints are often used in triple bottom line analysis,
life-cycle cost analysis, and carbon trading. Emission trading that mainly
targets carbon dioxide creates a market to provide economic incentive to
reduce emissions.

Many carbon emission calculation tools are available online that can
be used to estimate carbon emission; however, the results may vary in
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the level of accuracy, as some calculations may be oversimplified, and
specific environmental conditions may not be considered. Environmental
conditions may include the types and size of equipment, types and
guality of fuel, and environmental temperature and pressure. The level of
accuracy needed in the calculation will depend on the end use of data by
the organization. Regardless of how the data are used, the calculation
method should be consistent.

Carbon dioxide (CO,) equivalent is calculated based on the types of
fossil fuel combusted, its quantity, and the CO, emission coefficient
(tCO,/mass or volume) of the fuels. The emission coefficient of the types
of fuel can be estimated based on the chemical composition of the fossil
fuel, or the net calorific value (joules or GJ/mass or volume unit) [United
Nation Framework Convention on Climate Change (UNFCCC), 2008]. In
terms of electricity consumption, the emission coefficient will vary
depending on the geographic location and the types of fuel used.

In general, the formula can be described as:

tCO, = X fuelcombusted = carbon emission coefficient
imass or volume unit) * (tCOy/mass or volume unit)

Databases for carbon emission coefficients can be found in key
reference sources such as the following:

1. Clean Energy, Calculations and References (USEPA, 2011)
2. National Inventory Report 1990-2008, Parts 1, 2, and 3. (Environment

Canada, 2011)

Single to Triple Bottom Line

Life-cycle cost analysis is often conducted as part of the planning and
evaluation of a capital improvement project (or any business endeavor)
and is usually used when comparing the costs of alternatives. Life-cycle
cost analysis typically includes a full accounting of capital costs (perhaps
including the costs of future project phases or upgrades) as well as
operation and maintenance (O&M) costs such as salaries and energy
costs. Life-cycle cost analysis does not explicitly consider how people
and the environment will be impacted, though such considerations may
be informally taken into account by the decision makers. Since social and
environmental metrics are not formally taken into consideration, there is a
tendency for decision makers to focus primarily or solely on economics
and to disregard social and ecological impacts that could steer the
assessment in an alternate direction.

In recent decades, the detailed formal evaluation of all three metrics—
economic, social, and environmental—has become a preferred tool in
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accounting, planning, and decision making. This type of evaluation is

referred to as the triple bottom line (TBL) analysis. This phrase was first

established by John Elkington, a founder of a British consultancy called

“SustainAbility,” in his 1998 book, Cannibals with Forks: The Triple

Bottom Line of 21st Century Business (Elkington, 1998). He indicated

that companies should prepare three types of analyses:

» A*“bottom line” accounting of profit and loss

* A*“people” accounting that measures how socially responsible an
organization has been through its operations

* A*“planet” accounting that measures how environmentally responsible
the organization’s operations are

This analysis can assist a water utility in measuring the performance
of its water treatment facility and other operations, and in planning for
future development.

TBL analysis provides a systematic assessment of the social,
economic, and environmental costs and benefits. It is best applied in
projects that require evaluation of multiple options involving one or
multiple scenarios. In such cases, TBL analysis is commonly conducted
using multi-criteria decision analysis tools; these tools can range from
simple spreadsheets to commercially available computer programs, such
as Criterium® DecisionPlus®.

The analysis is often a numerical exercise, and the process involves
choosing one from a number of alternatives that are evaluated based on
how well they numerically rate against a chosen set of criteria. The
criteria are weighted in terms of importance to the decision maker. The
overall score of an alternative is the weighted sum of its rating against
each criterion. The alternatives are then ordered by their decision scores,
which can be displayed graphically on a chart. The decision maker will
then make decisions based on the outcome of the scoring, recognizing
that the result of the evaluation only provides a basis of comparison to
help facilitate a selection of the preferred or satisfactory option.

As indicated, the criteria are established based on discussion and
agreement among the decision makers. This allows numerous
stakeholders to participate in the analysis and to collectively assist in the
decision-making process. In a numerical TBL evaluation, the
stakeholders can assign a consensus weighting factor based on the
importance to each criterion. The assessment of three criteria—social,
economic, and environmental—can be expanded to include other
categories such as legal, political, technological, and functional.
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Chapter 22 provides an explanation of multi-attribute analysis
techniques for site evaluation and selection. This analysis uses a
numerical calculation approach similar to TBL analysis. In a sustainable
design discussion, a simple TBL analysis can be illustrated as follows:

1. Develop the alternatives of the project to ensure that they represent
the best current and future options to achieve the goals of the project.
A simple example could be to determine what renewable energy
source can be used in a water treatment plant’s heating and
ventilation system in a cold climate region. In this step, alternative
suggestions could be utility electricity, solar, and geothermal energy.

2. ldentify potential TBL criteria and the metrics associated with the
criteria. Depending on the size of the project and stakeholders
involved, several workshops can be held using a facilitated discussion
to refine and finalize the criteria and metrics. In continuing with the
same example, the criteria for utility electricity, solar, or geothermal
systems under the three main categories (environmental, social, and
economic) could be as categorized in Table 2.1.

Subcriteria can be developed under these criteria for further detailed
analysis.

3. Apply metrics to each criterion. Metrics that are numerically
measurable are ideal, as this information simplifies the development
of comparative scores between the alternatives being analyzed. The
overall analysis can be perceived as being more defendable when
subjective metrics are avoided. Some criteria lend themselves well to
guantification such as capital costs ($), operational costs ($), carbon
footprint (t CO,e), and areal footprint (m?). For our power supply
example, the metrics under the preceding criteria would be calculated
for each alternative. Each criterion can have more than one
guantifiable metric.

4. Work with stakeholders in a facilitated discussion to develop initial
relative weightings-of-importance for the various TBL criteria for each
alterative. These weightings need to reflect stakeholder values. A
voting system may be implemented to achieve consensus on the
weightings before moving forward.

The total weightings can have a sum of 10, 50, or 100, for instance.

In the preceding example, the weightings for environmental, social,

and economic factors rated by the decision makers could be 30, 30,

and 40 with an overall score of 100. The decision maker may then

apply weightings to each metric, as shown in Table 2.2.
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