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Dedicated to the world’s most important resource, AWWA sets the standard for water knowledge, 
management, and informed public policy. AWWA members provide solutions to improve public 
health, protect the environment, strengthen the economy, and enhance our quality of life.

www.awwa.org

Across-connection is an actual or potential connection between any part of a potable water system 
and any other environment that contains other substances that  would allow such substances to

enter the potable water system. Cross-connection control programs are intended to reduce the risk of 
contamination or pollution of the public water system. This fourth edition of AWWA Manual M14, Back-
flow Prevention and Cross-Connection Control: Recommended Practices, provides both technical and general
guidance on the recommended procedures and practices for developing, operating, and
maintaining a cross-connection control and backflow prevention program. 

This edition includes a new chapter on conducting a cross-connection control survey and expands the discussions on assess-
ing the risks and preventing backflow. A greatly expanded appendix details how to test most backflow prevention devices. Other 
issues covered include backflow prevention principles, assembly, application, installation, and maintenance; health and legal
concerns; and detailed information on potential and real hazards. 

This manual is intended for use by all professionals charged with protecting the public water supply with proper backflow 
prevention and cross-connection control programs.
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https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


Ideal crop marks

Manual of Water Supply Practices

M14

Backflow Prevention and 
Cross-Connection Control
Recommended Practices
Fourth Edition

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


American Water Works Association
6666 West Quincy Avenue
Denver, CO 80235-3098
awwa.org

hours of work by your fellow water professionals.

Revenue from the sales of this AWWA material supports

ongoing product development. Unauthorized distribution,

either electronic or photocopied, is illegal and hinders

AWWA’s mission to support the water community. 

This AWWA content is the product of thousands of

Manual of Water Supply Practices—M14, Fourth Edition

Backflow Prevention and Cross-Connection Control: 
Recommended Practices

Copyright ©1973, 1989, 2004, 2015 American Water Works Association

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, including photocopy, recording, or any information or retrieval system, 
except in the form of brief excerpts or quotations for review purposes, without the written permission of 
the Publisher.

Disclaimer
The authors, contributors, editors, and publisher do not assume responsibility for the validity of the content 
or any consequences of their use. In no event will AWWA be liable for direct, indirect, special, incidental, or 
consequential damages arising out of the use of information presented in this book. In particular, AWWA 
will not be responsible for any costs, including, but not limited to, those incurred as a result of lost revenue. 
In no event shall AWWA’s liability exceed the amount paid for the purchase of this book. 

If you find errors in this manual, please email books@awwa.org. Possible errata will be posted at www. 
awwa.org/resources-tools/resource-development-groups/manuals-program.aspx.

Project Manager/Senior Technical Editor: Melissa Valentine 
Senior Manuals Specialist: Molly Beach
Senior Production Editor: Cheryl Armstrong

Library of Congress Cataloging-in-Publication Data
Asay, Stuart F., author.
  Backflow prevention and cross connection control : recommended practices / Stuart F. Asay. -- 4th edition.
       pages cm. --  (Manual of water supply practices ; M14)
  Revision of: Recommended practice for backflow prevention and cross-connection control, 3rd ed., 2004.
  Includes bibliographical references and index.
  ISBN 978-1-62576-045-6 (alk. paper)
 1.  Backsiphonage (Plumbing)--Prevention. 2.  Cross-connections (Plumbing)  III. Title. IV. Title: Recommended 
practice for backflow prevention and cross-connection control. V. Series: AWWA manual ; M14. 
TH6523.A87 2015
696’.1--dc23

2014037357

Printed in the United States of America

ISBN:	 978-1-62576-045-6	 eISBN:	 978-1-61300-309-1

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


Ideal crop marks

iii

Contents

AWWA Manual 14

List of Figures, v

List of Tables, vii

Preface, ix

Acknowledgments, xi

Dedication, xiii

Metric Conversions, xv

Chapter 1	 Introduction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1
Purpose of Manual, 1
Responsibilities, 2
Health Aspects, 5
Legal Aspects, 7

Chapter 2	 Backflow Prevention Principles. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 11
Basic Hydraulics, 11
Types of Backflow, 13
Assessing Degrees of Hazard, 18
Assessing Other Risk Factors, 20
Assessing the Effectiveness of Assemblies and Devices, 21

Chapter 3	 Program Administration. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 23
Developing a Cross-Connection Control Program, 24
Types of Programs, 25
Management Programs, 28
Documentation, 33
Human Resources, 33
Program Administration, 35

Chapter 4	 Backflow Prevention Assembly Application, Installation, and Maintenance . .  . 41
Means of Preventing Backflow, 42
Backflow Prevention Devices, 42
Method for Controlling Backflow, 59
Field Testing, 61
Reference, 64

Chapter 5	 Conducting a Cross-Connection Control Survey. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 65
Authority and Responsibilities, 66
Purpose of a Cross-Connection Control Survey, 66
Assessing the Degree of Hazard, 67
Survey Considerations and Concepts, 67
Conducting the Survey, 69
Reference, 74

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


iv AWWA Manual M14

BACKFLOW PREVENTION AND CROSS-CONNECTION CONTROL

Chapter 6	 Sample Hazards and Proper Protection. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 75
Typical Hazards, 76
Hazards Posed by a Water Supplier, 84
Protection for Specific Customers, 89
References, 91

Appendix A Example Notices and Letters, 93

Appendix B Testing Procedures or Methods, 99

Appendix C Industry Resources, 181

Appendix D Incidents Tables, 183

Glossary, 187

Index, 193

List of AWWA Manuals, 203

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


v

Ideal crop marks

AWWA Manual M14

Figures

1-1 Examples of backflow prevention equipment locations, 4

2-1 Example of barometric loop in a piping configuration, 12
2-2 Backsiphonage backflow due to high rate of water withdrawal, 14
2-3 	�Backsiphonage backflow caused by reduced pressure on suction side of 

booster pump, 15
2-4 Backsiphonage backflow caused by shutdown of water system, 15
2-5 Backpressure backflow caused by carbon dioxide cylinder, 17
2-6 Backpressure backflow caused by pumping system, 18

4-1 Common symbols used for backflow prevention devices, 43
4-2 Dual check device, 44
4-3 Dual check device with atmospheric port, 45
4-4 Atmospheric vacuum breaker, 45
4-5 Hose connection vacuum breaker, 46
4-6 Pressure vacuum breaker assembly, normal flow condition, 48
4-7 Pressure vacuum breaker assembly, backsiphonage condition, 48
4-8 	�Spill-resistant vacuum breaker, normal flow and backsiphonage  

conditions, 50
4-9 Check valves open, permitting flow, 51
4-10 Backpressure, both check valves closed, 51
4-11 Negative supply pressure, check valves closed, 51
4-12 Typical double check valve assembly applications, 52
4-13 	�Reduced-pressure principle backflow prevention assembly, both check valves 

open and the differential relief valve closed, 54
4-14 	�Both check valves closed and the differential pressure relief valve open can be 

used for service protection or internal protection, 54
4-15 	�Backpressure: both check valves closed and the differential pressure relief 

valve closed, 54
4-16 	�Backsiphonage: both check valves closed and the differential pressure relief 

valve open, 55
4-17 Typical reduced-pressure principle backflow prevention application, 55
4-18 Double check detector backflow prevention assembly, 57
4-19 Type II double check detector backflow prevention assembly, 57
4-20 Reduced-pressure principle detector backflow prevention assembly, 58
4-21 Type II reduced-pressure principle detector backflow prevention assembly, 58
4-22 AG on tank, 59
4-23 AG on lavatory, 60
4-24 Typical AG applications, 60
4-25 Additional typical AG applications, 61

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


vi AWWA Manual M14

BACKFLOW PREVENTION AND CROSS-CONNECTION CONTROL

6-1 Cross-connection control, water treatment plants, 87
6-2 Service-containment and area-isolation water treatment plants, 88

B-1 Double check valve assembly test, 101
B-2 Double check valve assembly test—back pressure condition, 102
B-3 DCVA—Step #1, 103
B-4 DCVA—Step #2, 104
B-5 DCVA—Step #3 and DCVA Step #3A, 105
B-6 Pressure vacuum breaker, 107
B-7 PVB—Step #1, 108
B-8 PVB—Step #2, 109
B-9 PVB—Step #3, 110
B-10 RPZ—Step #1A, 112
B-11 RPZ—Step #2, 113
B-12 RPZ—Step #3, 114
B-13 RPZ—Step #4, 115
B-14 RPZ—Step #5, 116
B-15 Spill-resistant pressure vacuum breaker, 117
B-16 Step 1, 118
B-17 Step 2, 119
B-18 Step 3, 120
B-19 Sample test report form, 124
B-20 Ground wire installation, 127
B-21 	�Major component parts of five-valve differential pressure gauge test  

equipment, 139
B-22 Differential pressure gauge test kit, five-valve model, 140
B-23 	�Differential pressure gauge showing hose connections to test the components  

of an RPBA, 140
B-24 	�Differential pressure gauge showing hose connections to test the #1 check 

valve  
of a DCVA , 141

B-25 Differential pressure gauge showing hose connections to test a PVBA air inlet, 
141
B-26 	�Differential pressure gauge showing hose connections to test a PVBA check  

valve, 142
B-27 	�Differential pressure gauge showing hose connections to test both the check 

valve and air inlet of an SVBA, 142
B-28 Test 1—CV#1, 171
B-29 Test 3—CV#2, 172
B-30 Two-valve differential pressure test kit, 176
B-31 Two-valve test kit, 176
B-32 Three-valve test kit, 178
B-33 Reduced-pressure field test with three-valve test kit, 179

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


viiAWWA Manual M14

Ideal crop marks

Tables

2-1 Means of backflow prevention in the United States, 22
2-2 Selection guide for backflow preventers in Canada, 22

6-1 Recommended protection for solar domestic hot-water systems, 84
6-2 	�Recommended protection at fixtures and equipment found in 

water treatment plants, 86
6-3 For service protection (containment), 89
6-4 Containment protection, 90
6-5 Typical backflow prevention devices, 90
6-6 Irrigation and hose connection protection, 91

B-1 Safety-related publications, 129
B-2 RPBA/RPDA test reporting, 133
B-3 DCVA/DCDA test reporting, 134
B-4 PVBA/SVBA test reporting, 137
B-5 Approved minimum test result values, 137

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


This page intentionally blank.

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


Ideal crop marks

ix

Preface
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This is the fourth edition of the AWWA Manual M14, Backflow Prevention and Cross-
Connection Control: Recommended Practices. It provides both technical and general informa-
tion to aid in the development, implementation, and management of a cross-connection 
control and backflow prevention program, and an understanding of backflow prevention 
and cross-connection control concepts. This manual is a review of recommended practice. 
It is not an AWWA standard calling for compliance with certain requirements. It is intended 
for use by water suppliers and municipalities of all sizes, whether as a reference book or 
a textbook for those not familiar with backflow prevention and cross-connection control. 

This manual reviews regulatory provisions established to protect the potable water 
supply. To achieve this goal, products and measures are discussed to assist in the deter-
mination of controlling hazardous cross-connections. For fundamental knowledge and 
a thorough understanding, this entire manual should be carefully studied. Readers will 
also find the manual a useful source of information when assistance is needed with spe-
cific or unusual connections to the potable water supply. 

This fourth edition of M14 includes updates to regulatory concerns and products 
that protect the water supply, and new material on establishing programs to control 
cross-connections, including surveying of piping systems to identify and monitor such 
connections.
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The 4th edition of AWWA’s Manual M14, Backflow Prevention and Cross-Connection 
Control: Recommended Practices, is dedicated to Rand Ackroyd and Barry Walter. During 
the revision of this manual edition, the industry lost two valuable professionals that were 
vital resources and contributors who eagerly shared their collective wisdom.

Rand Ackroyd

Rand Ackroyd became an active member of the M14 committee 
in the early 1980s. His experience as vice president of engineering 
for Watts Regulator Co. brought a wealth of technical information 
regarding backflow preventers, their capabilities, and proper appli-
cations. After leaving Watts, he continued his active involvement 
as a go-to resource for nearly every aspect of backflow prevention.

 Barry Walter

Barry Walter will be remembered as a professional who was 
passionate about his work in the backflow prevention industry. He 
derived great satisfaction from teaching a group about the sub-
ject and from participants gaining an understanding of the impor-
tant health and safety aspects of the subject. While working on 
this edition of the manual, he was instrumental in coordinating 
several chapter teams, working toward consensus, and striving to 
achieve the best reference manual on the subject.

These valuable committee members will be missed but never forgotten.
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Linear Measurement
inch (in.) × 25.4 = millimeters (mm)
inch (in.) × 2.54 = centimeters (cm)
foot (ft) × 304.8 = millimeters (mm)
foot (ft) × 30.48 = centimeters (cm)
foot (ft) × 0.3048 = meters (m)
yard (yd) × 0.9144 = meters (m)
mile (mi) × 1,609.3 = meters (m)
mile (mi) × 1.6093 = kilometers (km)
millimeter (mm) × 0.03937 = inches (in.)
centimeter (cm) × 0.3937 = inches (in.)
meter (m) × 39.3701 = inches (in.)
meter (m) × 3.2808 = ft (ft)
meter (m) × 1.0936 = yards (yd)
kilometer (km) × 0.6214 = miles (mi)
Area Measurement
square meter (m2) × 10,000 = square centimeters (cm2)
hectare (ha) × 10,000 = square meters (m2)
square inch (in.2) × 6.4516 = square centimeters (cm2)
square foot (ft2) × 0.092903 = square meters (m2)
square yard (yd2) × 0.8361 = square meters (m2)
acre × 0.004047 = square kilometers (km2)
acre × 0.4047 = hectares (ha)
square mile (mi2) × 2.59 = square kilometers (km2)
square centimeter (cm2) × 0.16 = square inches (in.2)
square meters (m2) × 10.7639 = square ft (ft2)
square meters (m2) × 1.1960 = square yards (yd2)
hectare (ha) × 2.471 = acres
square kilometer (km2) × 247.1054 = acres
square kilometer (km2) × 0.3861 = square miles (mi2)
Volume Measurement
cubic inch (in.3) × 16.3871 = cubic centimeters (cm3)
cubic foot (ft3) × 28,317 = cubic centimeters (cm3)
cubic foot (ft3) × 0.028317 = cubic meters (m3)
cubic foot (ft3) × 28.317 = liters (L)
cubic yard (yd3) × 0.7646 = cubic meters (m3)

Copyright © 2015 American Water Works Association. All Rights Reserved. 

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


This page intentionally blank.

This is a preview of "AWWA M14-2014". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/AWWA/AWWAM142014?source=preview


1

AWWA MANUAL

M14

Chapter 1 

1

Introduction

For millennia, people have been concerned with obtaining and maintaining pure and safe 
water supplies. Archeological studies reveal that as early as 3000 bc, the ancient Egyptian 
State had a government official who was required to inspect the country’s water supply 
every 10 days. With the widespread use of water closets in the 1800s came direct cross-
connections with water mains. This brought into focus the problem that, as one nine-
teenth century authority stated, “foul matters may get into the pipes.”* Currently, many 
government and industry professionals are aware of the need to prevent contamination of 
potable water supplies through cross-connections. However, the water supplier goals and 
levels of involvement may vary. 

PURPOSE OF MANUAL
This manual provides guidance to all professionals working with the potable water supply 
on the recommended procedures and practices for developing, operating, and maintain-
ing an efficient and effective cross-connection control program. The manual also provides 
insight into the basic areas that should be addressed to ensure that public water system 
connections are made safely; that those connections will be operated and maintained to 
ensure water quality; and that public water suppliers have the basic knowledge needed to 
assist in this effort. The purpose of any such program is to reduce the risk of contamina-
tion or pollution of the public water system. 

A cross-connection is an actual or potential connection between any part of a potable 
water system and an environment that would allow substances to enter the potable water 
system. Those substances could include gases, liquids, or solids, such as chemicals, water 
products, steam, water from other sources (potable or nonpotable), and any matter that 
may change the color or taste of water or add odor to water.

*	 A.J. Keenan, C.S.I., B.C. Section AWWA Cross-Connection Control, September 1977.
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