
Hydraulics and How Backflow Happens
Paul H. Schwartz – USC FCCCHR
12 November 2008

Ontario Backflow Prevention Association
2008 Seminar 1

Ontario
Backflow

Prevention
Association

Backflow
Seminar

12 Nov 2008

Paul H. Schwartz, P.E.
Chief Engineer
Foundation for Cross-Connection Control 

and Hydraulic Research

Presentation

Hydraulics and How Backflow Happens

Normal view of a hydraulics lecture

Communicate Effectively

• Consider your audience
• General knowledge of water distribution 

systems
• Previous misunderstandings

EPA Presentations – January 2008

• What we know about backflow
– Including basic hydraulics animation

• What we don’t know about backflow, 
and the research needs



Hydraulics and How Backflow Happens
Paul H. Schwartz – USC FCCCHR
12 November 2008

Ontario Backflow Prevention Association
2008 Seminar 2

Backflow Incident Requirements

CROSS-
CONNECTION

• Indirect
• Direct

HAZARD
• Health 

• Non-health

HYDRAULIC 
CONDITION

• Backsiphonage
• Backpressure

BACKFLOW can only 
occur if all three are 
present:
• Cross-Connection
• Hazard
• Hydraulics

TREATMENT 
PLANT DISTRIBUTION 

SYSTEM

INDUSTRIAL 
COMMERCIAL 
CUSTOMER

RESIDENTIAL 
CUSTOMER

NORMAL FLOW 
OF POTABLE 

WATER 
THROUGH 

DISTRIBUTION 
SYSTEM

Residential Customers
• 66% of total water used
• 80% of which is not 

injested (irrigation, toilet 
flushing, etc.)

** Hazard

** Hazard

** Hazard assessment required to determine the actual 
risk to public health

TREATMENT 
PLANT DISTRIBUTION 

SYSTEM

INDUSTRIAL 
COMMERCIAL 
CUSTOMER

RESIDENTIAL 
CUSTOMER•Main Break

•Flushing 
•Pump Failure
•Oper & Maint
•Increase Demand
•Fire Fighting

TREATMENT 
PLANT DISTRIBUTION 

SYSTEM

INDUSTRIAL 
COMMERCIAL 
CUSTOMER

RESIDENTIAL 
CUSTOMER•Main Break

•Flushing 
•Pump Failure
•Oper & Maint
•Increase Demand
•Fire Fighting

BACKFLOW
• Transient in nature
• May recur if cause of 

problem is not corrected
• May disperse or travel in 

slug form
• Degree of Hazard

•Biological
•Chemical

TREATMENT 
PLANT DISTRIBUTION 

SYSTEM

INDUSTRIAL 
COMMERCIAL 
CUSTOMER

RESIDENTIAL 
CUSTOMER• Leak fixed

• Water use 
returns to 
normal

Contamination 
in distribution 
system now 
distributed to 
some or all 
water users

TREATMENT 
PLANT DISTRIBUTION 

SYSTEM

INDUSTRIAL 
COMMERCIAL 
CUSTOMER

RESIDENTIAL 
CUSTOMER•Main Break

•Flushing 
•Pump Failure
•Oper & Maint
•Increase Demand
•Fire Fighting

Backflow protection at service 
connection protects

Integrity of Distribution System
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TREATMENT 
PLANT DISTRIBUTION 

SYSTEM

INDUSTRIAL 
COMMERCIAL 
CUSTOMER

RESIDENTIAL 
CUSTOMER

Water Using
Fixtures and
Equipment

NORMAL FLOW OF 
POTABLE WATER 

THROUGH 
INTERNAL DISTRIBUTION 

SYSTEM

BOILER

Water shut off 
for repair

BACKFLOW OF 
NON-POTABLE WATER 

THROUGH 
INTERNAL DISTRIBUTION 

SYSTEM

BOILER

Water service 
returned

NON-POTABLE WATER 
DELIVERED THROUGH 

INTERNAL DISTRIBUTION 
SYSTEM

BOILER

Today’s Overview

• Hydraulic Principles

• Hydraulics and Backflow

• Hydraulics and Backflow 
Prevention Assemblies
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Hydraulics

• Backflow is all about Hydraulics
• Backflow is not typically taught in hydraulics 

courses (i.e., don’t blame the engineers !)

My Boss
Dr. J.J. Lee

Director, FCCCHR

Backflow is generally caused by
a Difference in Pressure

• Backsiphonage
• Backpressure

Example

50 psi

Backsiphonage?NO, it’s Backpressure !

Example #2

-10 psi

Sub-atmospheric Condition 
Backsiphonage

Conclusion

Water always flows from a higher 
pressure to a lower pressure

NO

Common Misunderstanding

• 60-70% of Engineers taking Professional 
Engineering Exam miss that question

• Confirms P.E. stands for Partially 
Educated
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Conclusion Should Be…

Water always flows from a 
higher energy region 

to a 
lower energy region

Bernoulli’s Equation

Change in Pressure

Friction

High Low

Change in Pressure

Venturi

Change in Pressure

Venturi

High
Low

High

Change in “Energy” Change in Energy

}Pressure

}Velocity

High Low

To
ta

l H
ea

d
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Hydraulics in Plumbing
Simple plumbing experiences pressure loss 

due to friction

Friction

High Low

Hydraulics in Plumbing
Adding Elbows and Tees, etc. will create 

more pressure loss. 

Hydraulics in Plumbing

• Elevation in piping can be a large factor 
in pressure loss too. 

• Elevation Head (Z)

1 psi for every 27 ¾”

Hydraulics in Plumbing

• Fixed orifice or opening 
– Pipes
– Fittings
– Valves

Hydraulics in Plumbing

• Pressure loss can be identified by Cv

– Valve constant
– Characteristic of each type and size valve.

PCQ v Δ=
1 psi

Hydraulics in Plumbing

• Pressure loss can be identified by Cv

– Valve constant
– Characteristic of each type and size valve.

vCQ =
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Hydraulics in Backflow Prevention 
Assemblies

• Backflow prevention assemblies don’t 
have fixed openings/orifices

• Check valves are biased closed
– Weight loaded
– Spring loaded

Hydraulics in Check Valves

Hydraulics in Check Valves Hydraulics in Check Valves

Hydraulics in Check Valves Hydraulics in Check Valves

Misconception – Checks 
open fully
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Hydraulics in Check Valves Hydraulics in Backflow Prevention 
Assemblies

• Flow characteristics can only be defined 
by a flow rate versus pressure loss curve.

Hydraulics in Backflow Prevention 
Assemblies

AWWA 
Water
Meter
Stds

Hydraulics in Backflow Prevention 
Assemblies

Hydraulics in Backflow Prevention 
Assemblies

Hydraulics in Backflow Prevention 
Assemblies



Hydraulics and How Backflow Happens
Paul H. Schwartz – USC FCCCHR
12 November 2008

Ontario Backflow Prevention Association
2008 Seminar 9

Hydraulics in Backflow Prevention 
Assemblies

Observed

Corrected

Head Loss vs. Flow Rate

Piezometer 
Rings

Piezometer Ring Head Loss vs. Flow Rate

“Observed” Pressure Loss
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Hydraulics in Backflow Prevention 
Assemblies

Hydraulics in Backflow Prevention 
Assemblies

Head Loss vs. Flow Rate

Inlet Outlet

“Corrected” 
Pressure Loss

Hydraulics in Backflow Prevention 
Assemblies

Observed

Corrected

Hydraulics in Backflow Prevention 
Assemblies Over sizing of Assemblies

• Bigger means better?
• Affects operation of assembly?
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Over Sizing of assemblies

?

Adequate flow and pressure?

• Oversize backflow preventer
– Provide more water?
– Provide more pressure?

• Compare flow curves

Flow in 2-inch pipe 
with 

2-inch Assembly

Flow in 2-inch pipe
with

4-inch Assembly

Flow Curve – 2-inch DC

(GPM) Gallons per minute (P
S

I) 
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ou
nd

s 
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Flow Curve – 4-inch DC
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Compare 2-inch vs 4-inch curves Compare 2-inch vs 4-inch curves

Over Sizing of Assemblies Over Sizing of Assemblies

Over Sizing of Assemblies Parallel Assemblies
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Parallel Assemblies Parallel Assemblies

• Operate independently
– Primary
– Secondary

• Path of least resistance
– No two assemblies are identical

• Maintenance/Repair records may differ

Parallel Assemblies

One unit Two units

Hydraulics

• Backflow and Backflow Prevention are all 
about Hydraulics

• Much more info can be covered
• Presentations

– Size-up your audience appropriately
– Don’t assume they understand even the 

basic hydraulic issues about backflow

Manual - 10th Edition

• Chapter 3
– Hydraulics

• Properties of fluids
• Principles of backflow
• Operation of backflow preventers

– Detailed operating characteristics of DC, RP, PVB, SVB
– Head loss vs flow rate curves
– Parallel installations

Chapter 3 - Hydraulics

• Properties of water

Theoretically, a perfect vacuum will cause 
water rise of 33.95 feet at standard 
atmospheric conditions (14.7 psia and 70oF).  
(14.7psi x  2.31ft/psi = 33.95 ft.)

However, the water at the top of the water 
column will begin to vaporize or boil as the 
pressure approaches 0.0 psia.  The vapor 
pressure of water at 70oF. is 0.363 psia, or 
0.84 ft of water.  So the water level will not rise 
above 33.1 ft.  (33.95 ft – 0.84ft = 33.1 ft.)

14.7 psia14.7 psiaSea level

Vacuum Pump

0.0 psia
or

minus14.7 psig

Atmospheric pressure is 
pushing on surface of water
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Chapter 3 - Hydraulics

• Operation of check valves

Force of upstream 
water pressure 

trying to push 
check valve open

Force of spring 
trying to push 
check valve 
closed

Check Valve Closed – Force keeping check valve 
closed is greater then force trying to open

0.5 psi 1 psi

Chapter 3 - Hydraulics

• Operation of check valves

Force of  downstream 
water pressure try ing to 
push check v alve closed

Force of  upstream water 
pressure try ing to push 

check v alve open

Force of  spring 
try ing to push check 
v alv e closed

Check Valv e Closed
Forces keeping check valve closed (spring + downstream pressure) 

are equiv alent to the f orce trying to open  (50 = 50)

1 
psi

49 psi50 
psi

Chapter 3 - Hydraulics

• Operation of components in RP

Unpressurized – No. 1 Check valve closed and relief valve open

RV discharge 
port is open

Check valve 
is closed

QUESTIONS


