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-Define Cross Connections, Direct and Indirect, 
Isolation vs. Containment 

-Classify the Degree of Hazard and Public Health 
Significance 

-Explore Backflow, Backpressure and 
Backsiphonage 

- Learn Method, Assembly, and Device Differences 
-Learn the common Approved Backflow Preventer 

types and their applications 

Objectives: 



        
  

   
  

    
    

-A cross connection is a connection between a 
potable water system and any other liquid. 

Or…. 
-MCA 75-6-102 "Cross-connection" means a 
connection between a public water supply 
system and another water supply system, either 
public or private, or a wastewater or sewer line 
or other potential source of contamination… 

What is a cross connection? 



 
 

  
 

  
  

  

 
  

• Fire sprinkler systems 
• Irrigation sprinkler systems 
• Hospitals and Medical Clinics 
• Industrial facilities 
• Sw imming pools, Spas, 

and Hot tubs 

• Water heating systems 
• Photo processing equipment 
• Insecticide sprayers 
• Fertilizer injection equipment 
• Food service facilit ies 

Common Cross Connections 



 

Direct Indirect 

Types of Cross Connections 



  

  

  
 
 

■ Direct Connection 
■ Directly connected to the water supply, i.e. espresso 

machine. 
■ Subject to backpressure and backsiphonage 

■ Indirect Connection 
■ Submerged inlets into a contaminated source, i.e. 

steam table. 
■ Subject to backsiphonage 



   

  

 

   

• Determines type of control needed for 
protection of public health 

• Low Non-Health Hazard-Pollution Hazard-Non-
Toxic 

• High Health Hazard-Contamination Hazard-Toxic 

The Degree of Hazard 



  

 

  

Cross connections 3 Questions: 

• What type of Cross-Connection is it? 
– Indirect? 
– Direct? 

• What is the degree of Hazard? 
– Non-health hazard? 
– Health hazard? 

• Is it under continuous use (or pressure)? 



 Application Guide 



FCCCHR 



  

 

   

 

• Montana Code Annotated: 75-6-102 and 103 

• Administrative Rules, ARM 17.38 Subchapter 3 

• Uniform Plumbing Code as amended by ARM 
24.301.301 

Regulations about Cross 
Connections 



 
  

 

  
   

  ARM 17.38 Subchapter 3 

• 17.38.305(1) – a cross-connection on a 
PWSS must be eliminated or protected 
with an approved backflow prevention 
assembly. 

• 17.38.305(2) – the type of approved 
valve is determined by the hazard type 
and backflow type. 



 

      
  

 
  

  
  

   

Health Hazard 

■ The degree of hazard determines which type 
of device to install. 
■ High or Health-hazard = Contamination (toxic) 

■ Anything that may cause illness or death 
■ Most food service connections are considered high-

hazard, due to possible foodborne microorganism 
contamination or the use of chemicals used to clean 
equipment. 



 

 

 

   

• According to incidents and records 

Shigella 
E. coli 
Salmonella 
Campylobacter jejuni 
Cyanobacteria 
Norwalk-Norwalk like viruses 
Giardia 
Other 

Most common biological 
contaminates 



  

 
  

  
  

 

   
  
 

   

• In order of decreasing occurrence: 

 Copper (plumbing) 
 Chromium (rust inhibitor) 
 Ethylene glycol (antifreeze) 
 Detergents (industrial use) 
 Chlordane (pesticide) 
 Malathion (pesticide) 
 Propylene Glycol (antifreeze and food additive) 
 Freon (cooling systems) 
 Nitrite (fertilizer) 

Most common chemical 
contaminates 



 Non-Health Hazard 

■ Low or Non-Health Hazard = Pollution (non-
toxic) 
■ Anything that is aesthetically objectionable 

either due to color, odor or taste. 
■ Irons or salts are not a health hazard but can be 

aesthetically unpleasing, i.e. water softener. 
■ This may also include connection to non-carbonated 

beverage machines (changes the water quality), i.e. 
coffee machines, tea machines and juice machines. 



   
    

     
    

• “over 100,000 new cross-connections are 
formed each day” (AWWARF, 2000) 

• “the greatest contributing factor to waterborne 
disease outbreaks in the U.S.” (AWWARF, 
2000) 



  
 

    

 

      

   
• Many documented cases of disease outbreaks 

and accidental poisoning 

• Infrequent monitoring does not catch the event 

• Backflow event may be of short duration 

• Number of affected people may be low and go 
unnoticed 

Public Health Significance 



  HOW DO CROSS CONNECTIONS 
CONTAMINATE? 

-BACKFLOW 



 
   

 
• The undesirable reversal of flow of water 

or other substances into the potable water 
distribution supply 

Define Backflow: 



  
 

 
 

            

 
• Backflow occurs when conditions in the system 

cause 

-Backpressure- pressure applied that is greater 
than supply pressure reversing flow 

Types of Backflow 

or 

-Backsiphonage -negative pressure creates 
vacuum reversing flow 



Backpressure example 



     
 

 

Hydraulics 
■ Backpressure 

■ Pressure in downstream piping greater than supply 
pressure. 

Examples of Backpressure: 

•High pressure generated by 
pumps downstream 

•Thermal expansion 

•Elevation 
Downstream Upstream 



Backsiphonage example 



 
   

 

Hydraulics 

■ Backsiphonage 
■ Pressure upstream drops to create a vacuum. 

• Examples of Backsiphonage: 
• Pipeline breaks 

• High withdrawal rates can create a 
vacuum (fire hydrant upstream or 
toilets flushing simultaneously 
upstream). 

Downstream 
Upstream 



    

   

Hydraulics 

■ Water pressure naturally tends to equalize. 

■ Water flows from high pressure regions to low 
pressure regions. 



 

Positive 
pressure 

Positive 
pressure 

Normal conditions… 



 

 

Lo pressure Reversal 

Abnormal conditions… 

of flow 



 Aspirator effect: 



  
 

  

   

     

 
Year: 1991 
Contaminate: nematodes 

Source: sprinkler 
system 

Cause: w ater main 
break-backsiphonage 

Effect: k ids got to bath 
w ith worms  

Bio Hazard 
Incident 



     
  

       

    
 

 
• Method 
-a plumbing configuration or way to eliminate the 

cross connection hazard 

• Assembly 
-mechanical equipment able to be tested (isolation 

valves and test ports provided) 

• Device 
-self contained non-testable (no isolation valves or 

test ports) 

Approved Backflow Control 



    
   

    
 

  
 

Containment vs. Isolation 
■ Containment – Protecting the source or main 

from the building or facility supply. 
■ i.e. A backflow preventor at the water 

meter 

■ Isolation – Protection at each individual 
point of use. 
■ The Food Code and Plumbing Code may 

require protection at each point of use to 
protect the water supply throughout the 
facility. 



 

 

  

  

1. Air Gap (Method) 

2. Atmospheric Vacuum Breaker (Devices) 

3. Pressure Vacuum Breaker (Assembly) 

4. Double Check Valve (Assembly) 

5. Reduced Pressure Zone (Assembly) 

The Five Basic Products 





 1. Air Gap Method 



  

-Ultimate backflow preventer 

-Use for low and high hazards 

Limitations: gaps must be correct 

Disadvantages: easy to circumvent 

Air Gap Method-



 

Sink 

Minimum of 
1” Air Gap 
From the 

Flood Rim 



Dipper Well 

Minimum 
of 1 inch 
air gap 

Drain line 
must be 
air gapped 
from the 
floor drain 



 

Spray Arm at Dish Area 

Spray arm 
must be a 
minimum of 
1” above 
the flood rim 
of the sink. 



 
  

Water Treatment Systems 

This system is a reverse osmosis 
system and the two lines 

indicated are discharge lines. All This is a water softener 
drain lines must be air gapped. discharge line. Air gap 

from floor drain. 



  of Angle Must
be Air

Gapped From Top 
of Cone

Air Gap - Waste Lines 

WRONG 

CORRECT 

TipTip of Angle Must 
be Air 

Gapped From Top 
of Cone 



  

Air Gap - Waste Lines 
■ Typical equipment requiring air gapped waste 

lines: 
■ Walk-in cooler 
■ Food prep sink 
■ Dipper well 
■ Ice machines/bin 
■ Steam table/Baine Marie 
■ Wok 
■ Dish washer (Air Break) 
■ Combi-Oven 

■ Rethermalizer 
■ Steamer 
■ Water softener 
■ Water cooled equipment 
■ Kettle 
■ Reach-in cooler (Non-

evaporating) 
■ Pop gun holster 







Questions…. 



 
 

2. Atmospheric Vacuum 
Breaker Devices 



 
  

 

-Great for small applications 

-Use for low and high hazards 

Limitations: cannot be under continuous 
pressure and 
no downstream valves 

Disadvantages: cannot protect against 
backpressure 

Atmospheric Vacuum Breaker 
Devices- AVB 



 

Garbage Disposal 

Upstream side 
of device 

Solenoid 

Downstream 
side of device 



AVB at Pressure/Toilet Urinal 



 

 

Dish Machine 

Solenoid to 
control water 

flow 

Water into dish 
machine 



Dish Machine 
ASSE 1001

Minimum of 6”
above

A Minimum of
1” Clearance 
is Required

ASSE 1001 
Minimum of 6” 

above 
A Minimum of 
1” Clearance 
is Required 



Chemical Towers - Atmospheric Vacuum 
breakers -



Chemical Towers – Atmospheric 
Vacuum breakers 

The chemical systems with the built-in atmospheric vacuum 
breaker have the shut-off upstream. Other systems should 
be checked for proper installation. 



  
 

  

 
 

 

Chemical Dispensers 
■ Many chemical dispensers

have an air gap in the unit
meeting ASSE 1055b 
standards. 

■ These units have 
backflow protection and 
may be connected directly
to the water supply. 

Line to the chemical 
dispenser directly from 
where the faucet 
connection is located. 



• 1055B 



  

 
 

Hose Bib Vacuum Breaker: AVB – 
(ASSE 1011) 
■ This device may attach to any threaded faucet. 

■ NO Shut off valves may be located downstream. 

■ Cannot be subject to more than 12 hours of 
continuous pressure. 













Questions…. 



  3. Pressure Vacuum Breaker 
Assembly 



  

 

 

-Can be under constant pressure and 
downstream valves 

-Use for low and high hazards 

-Limitations: not recommended against 
backpressure 

-Disadvantages: dump water everywhere 
in operation 

Pressure Vacuum Breaker 
Assembly- PVB 



 

Rethermalizer 

WRONG 
CORRECT

12 “ Above 
Flood Rim

CORRECT 
12 “ Above 
Flood Rim 

Spill Resistant Pressure Vacuum Breaker – Atmospheric Vacuum Breaker – ASSE 1001 
ASSE 1056 



  

Instant Hot Water Dispenser 

12 inches 
ASSE 1056 

Some instant hot water
dispensers have a 

PVB, it is only required 
to have a vented 

double check valve.

Some instant hot water 
dispensers have a 

PVB, it is only required 
to have a vented 

double check valve. 



 Spill-Resistant Vacuum Breaker: SVB -
ASSE 1056 

■ Similar to the PVB - ASSE 1020. 
■ Ideal for indoor applications where spillage 

presents an issue. 



? 







Questions…. 



 4. Double Check Valve Assembly 



  

 

  

  

-In line and underground installation, no 
water discharge 

-Use for low hazard backflow only 

-Limitations: for objectionable non-toxic 
connections 

-Disadvantages: questionable protection 

Double Check Valve 
Assembly- DC 











Questions…. 



  5. Reduced Pressure Zone 
Assembly 



      
 

 

 

   
  

-In line ultimate protection 

-Use for all degrees of hazard under all 
pressure conditions 

-Limitations: size generally large but 
getting smaller 

-Disadvantages: Will dump water when 
functioning 

Reduced Pressure Zone 
Assembly- RPZ RP 











Questions…. 



RECAP 



 Vented Dual Check 



   
   

Dual Checks and Dual Check 
with Intermediate Atmospheric
Vent 



  Flow balancing valves 



Trap primers 



  Pressure Reducing valves 



Check valves 



 

 

  

Application-- 3 Questions… 

• What type of Cross-Connection is it? 
– Indirect? 
– Direct? 

• What is the degree of Hazard? 
– Non-health hazard? 
– Health hazard? 

• Is it under continuous use (or pressure)? 



 Application Guide 



     
    

   

    
  

 

  
-A single check valve is not a backflow preventer 
-Two single check valves do not make a double 

check assembly 
-No connections to a sewer line are allowed with 

assemblies or devices as backflow preventers 
-Bypass lines around a preventer require the same 

protection as the original line 
-Backflow preventers and water heating units 

require thermal expansion tanks 
-Backflow prevention assemblies require annual 

testing 

Things to remember… 







  

Resources 
■ ASSE home: 

■ http://www.asse-plumbing.org/ 
■ Watts Backflow Prevention Page: 

■ http://www.watts.com/pro/_backflowprevention 
.asp 

■ American Backflow Prevention Association: 
■ http://www.abpa.org/ 

http://www.asse-plumbing.org/
http://www.watts.com/pro/_backflowprevention.asp
http://www.watts.com/pro/_backflowprevention.asp
http://www.abpa.org/


Questions…. 



Holy CR_ _! 





 
 

 

Double check? 
Improper for the hazard 
Improper installation? 



ASSE 1055-no 









Right Wrong 













   
 

  

  

Hydrant set up for long 
term use? 

No backflow protection at 
all 

Needs an RP 



Cross Connections-Backflow 
Prevention 

Cross Connections-Backflow 
Prevention 

Questions? 

THANK YOU 
Karl Carlson, MDEQ 
247-4444 
kcarlson2@mt.gov 

mailto:kcarlson2@mt.gov
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