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Study of Multipurpose Piping System Circulation 
 
 

Abstract 
A demonstration was conducted to confirm the Uponor multipurpose residential fire sprinkler system 

(brand name AquaSAFE™) does not trap water in the piping system and therefore poses no stagnant-
water health risks. Because the crosslinked polyethylene (PEX) tubing (brand name Uponor AquaPEX®) in 

the multipurpose system is translucent, it allowed a visual demonstration of red-colored water circulating 
through the system and then being flushed with fresh, clear water when plumbing fixtures were opened. 

The results showed after flowing plumbing fixtures, the pipe sections with colored water quickly became 

diluted, then clear, with no colored stagnant water remaining in the system. 
 

Introduction 
“A Multipurpose piping system is a piping system intended to serve both domestic and fire protection 

needs.” (NFPA 13D, 2010 Edition) 
 

Multipurpose systems have been recognized by the National Fire Protection Association (NFPA) 13D 
Standard for the Installation of Sprinkler Systems in One- and Two-family Dwellings and Manufactured 

Homes since the 1996 Edition. The 2009 International Residential Code (IRC) also recognizes 

multipurpose systems and lists them in the body as well as the plumbing section of the code (IRC, 2009 
edition, section P2904). 

 
Both the NFPA 13D Standard and the IRC explain the design and installation of multipurpose systems, 

however neither illustrates how the flow of water occurs within the system when plumbing fixtures are 
used. This study focuses on the circulation of water within specific sections of a looped-design 

multipurpose piping system, including loops, sub-loops, dead ends and sidewall sprinkler arm overs.  
 

The system being tested was installed by Lawrence Plumbing on Corey Drive in Gibsonia, Penn., Sept. 27 

through Oct. 1, 2010. An Uponor Fire Sprinkler System Technical Field Representative conducted the 
colored-water flow test on Oct. 1, 2010 with several witnesses in attendance, including representatives 

from the Richland Water Authority, the West View Water Authority, the Shaler Water Authority, the Fox 
Chapel Water Authority, the City of Pittsburgh Water and the Allegheny County Health Department. 

 
Methods and Materials 

 
Job Site 

This study featured an existing housing project called Willow Ridge to reflect normal installation 
conditions. The jobsite was a Broadmore model located on Corey Drive in Gibsonia, Penn. The wood-frame 

construction home featured three levels with three bedrooms, two and one-half bathrooms and 

approximately 2,100 finished square feet, including the basement (see Appendix A for floor plan). The 
underground consisted of a single, 100-foot 1" incoming copper water supply from the street to a ¾" 

Sensus® SR II® water meter. The existing street pressure was 90 psi, which required a 1½" pressure-
reducing valve (PRV) on the incoming water supply along with a 1" dual check valve. 

 
Multipurpose Fire Sprinkler Design 

The AquaSAFE looped multipurpose sprinkler system design in the Broadmore unit was created by a 
NICET-certified (National Institute for Certification in Engineering Technology) Uponor designer (see 

Appendix A: Sprinkler Layout). The designer performed hydraulic calculations through HydraCALC™ (a 

software program by Hydratec, Inc.), which is a widely recognized design software program for the fire 
sprinkler industry (see Appendix B: Hydraulic Calculations). Sprinkler location and spacing methods were 

based on NFPA 13D, 2010 Edition; Reliable® Automatic Sprinkler Company Installation Guidelines; and the 
IRC, 2009 Edition. 
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Multipurpose Fire Sprinkler System Installation 
Lawrence Plumbing installed the multipurpose residential fire sprinkler system according to the sprinkler 

layout provided by Uponor (see Appendix A: Sprinkler Layout), as well as in accordance with all applicable 

codes, standards and manufacturer’s guidelines. The system was designed and installed using 1" Uponor 
AquaPEX tubing. Since the project was at rough-in stage, there were no plumbing fixtures installed. To 

simulate cold-water plumbing fixture flow, cold-water supply lines for the expected fixtures were 
integrated at appropriate locations and control valves were installed on the ½" Uponor AquaPEX supply 

lines that extended to tub drains or exterior windows. A successful flow test was conducted and 
documented by Uponor to verify the system met the minimum required flow rates (see Appendix C: Flow 

Test Verification Form). 
 

Colored-water Flow Test 

With a complete and operable multipurpose residential fire sprinkler system in place, the system was 
completely filled with colored water. A 30-gallon, atmospheric storage tank and a reserve 30-gallon 

container were filled with colored water and attached to a 25 psi at 4 gallons per minute (gpm) jet pump 
to fill the multipurpose residential fire sprinkler system from the basement to the top floor (see Figure 1: 

Storage Tank and Jet Pump). A ½" Uponor AquaPEX line was attached to the end of a flow test kit on the 
top floor to relieve back pressure and prevent pump damage while filling the system. 

 

 
Figure 1: Storage Tank and Jet Pump 
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It took approximately 13 minutes to fill the system with colored water on all three levels of the home. 

During the filling process there was a noticeable amount of air within the system which seemed to slow 
the colored water from flowing into specific areas. It was very noticeable at high points within the system 

where the tubing runs crossed over the vaulted ceiling and down to the flat ceiling (see Figure 2: Tubing 

Elevation Change Air Pocket and Appendix D: Elevation Drops from Vaulted to Flat Ceilings). 
 

Additionally, air collected at the end of one of the sub-loops on the main floor with colored water present 
on either side of the air pocket (see Figure 3: Sub-loop Air Pocket). 

 

  
Figure 2: Tubing Elevation Change Air Pocket 

 

  
Figure 3: Sub-loop Air Pocket 
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Once the system was filled to capacity (including colored water and air pockets), city water was 

reestablished through a variety of cold-water fixtures from all three levels of the home in different 
sequences to pressurize the system. Evaluation of the flow and circulation of water within the system was 

conducted through observation of the initial dilution and final evacuation of the colored water. 

 
In all cases, areas with air pockets did not trap any colored water; however, one section of tubing in the 

top-floor laundry room did circulate slower (see Figure 4: Circulation Area in Laundry Room). The colored 
water in this area changed from vibrant red to light pink in 10 minutes during the flow test. 

 
Additionally, the basement had an 18", dead-end drop for future connection to the hot-water heater. The 

colored water in this dead-end section of tubing was vibrant red when the system was filled but also 
returned to clear, fresh water during the circulation testing. Water flow from just a few plumbing fixtures 

at city pressure eliminated the trapped air in the system. 

 

 
Figure 4: Circulation Area in Laundry Room 

 
 

Conclusion 
The AquaSAFE Looped Multipurpose System is a combined fire sprinkler and plumbing solution that 

provides non-stagnant potable water to plumbing fixtures and residential fire sprinklers. Cold-water 
plumbing connections supplied from the fire sprinkler loops ensure circulation throughout the system 

when plumbing fixtures are used. By filling the system with colored water and flowing fixtures, the system 

verified its non-stagnant status through the evacuation of colored water from all sections of tubing.  
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Appendix A: Sprinkler Layout 
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Appendix B: Hydraulic Calculations 
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Appendix C: Flow Test Verification Form 
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Appendix D: Elevation Drops from Vaulted to Flat Ceilings 
 

 

 
 
 

 
 

 
 

 

Elevation drops from vaulted to 
flat ceilings (second floor) 


