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1. Revise Section 9.2 and A.9.2 to read as follows:  
 
9.2* Antifreeze Systems. 
 
9.2.1* Conformity with Health Regulations. The use of antifreeze solutions shall be in conformity with any state or 
local health regulations. [ROP-12] 
 
9.2.2* Antifreeze Solutions. [ROP-12] 
 
9.2.2.1 Except as permitted in 9.2.2.2, antifreeze solutions shall be listed for use in new sprinkler systems. 
 
9.2.2.1* Unless permitted by 9.2.2.1.1, antifreeze solutions shall be limited to premixed antifreeze solutions of glycerine 
(chemically pure or United States Pharmacopoeia 96.5%) at a maximum concentration of 48% by volume, propylene 
glycol at a maximum concentration of 38% by volume, or other solutions listed specifically for use in fire protection 
systems. [ROP-12] 
 
9.2.2.1.1 For existing systems, antifreeze solutions shall be limited to premixed antifreeze solutions of glycerine 
(chemically pure or United States Pharmacopoeia 96.5%) at a maximum concentration of 50% by volume, propylene 
glycol at a maximum concentration of 40% by volume, or other solutions listed specifically for use in fire protection 
systems. [ROP-12] 
 
9.2.2.2* Premixed solutions of glycerine (chemically pure or United States Pharmacopoeia 96.5%) at a maximum 
concentration of 48% by volume or propylene glycol at a maximum concentration of 38% by volume shall be permitted to 
protect piping that is supplying sprinklers in a specific area of the dwelling unit, where acceptable to the Authority Having 
Jurisdiction. 
 
9.2.2.2.1* Documentation shall be presented to the AHJ to substantiate the use of the antifreeze solution. 
 
9.2.2.23 The concentration of antifreeze solutions shall be limited to the minimum necessary for the anticipated minimum 
temperature. [ROP-12] 
 
9.2.2.3* An antifreeze solution with a freezing point below the expected minimum temperature for the locality shall be 
installed. [ROP-12] 
 
9.2.2.4* The specific gravity of the antifreeze solution shall be checked by a hydrometer with a scale having 0.002 
subdivisions. [ROP-12] [ROC-53] 
 
A.9.2.1 Antifreeze solutions can be used for maintaining automatic sprinkler protection in small, unheated areas. 
Antifreeze solutions are recommended only for systems not exceeding 40 gal (151 L). Because of the cost of refilling the 
system or replenishing small leaks, small, dry valves should be used where more than 40 gal (151 L) are to be supplied. 
Propylene glycol or other suitable material can be used as a substitute for priming water to prevent evaporation of the 
priming fluid and thus reduce ice formation within the system.  
 [ROP-12] 
 
A.9.2.2 Listed CPVC nonmetallic sprinkler pipe and fittings should be protected from freezing with an antifreeze solution 
that is compatible with the nonmetallic material glycerine only. The use of diethylene glycol, ethylene glycol, or 
propylene glycol is specifically prohibited. Laboratory testing shows that glycol-based antifreeze solutions present a 
chemical environment detrimental to nonmetallic pipe CPVC. [ROP-108] 



 

 
Table A.9.2.2.1 A.12.3.5 Properties of Glycerine and Propylene Glycol for Existing Systems  
(Table A.9.2.2.1 unchanged) 
 
A.9.2.2.2.1 The documentation  should substantiate that the proposed use of premixed glycerine and propylene glycol 
antifreeze solutions is consistent with the FPRF testing for the specific installation parameters. 
 
A.9.2.2.2 Examples of specific areas might include piping installed in an exterior wall or an unheated concealed space 
above a cathedral ceiling that cannot be protected with insulation or heat tracing. Premixed solutions of glycerine and 
propylene glycol should be used only where other freeze protections options are not practical. The specific areas protected 
by premixed glycerine and propylene glycol shall be limited to the greatest extent possible.  
 
Propylene glycol and glycerin antifreeze solutions discharged from sprinklers have the potential to ignite under certain 
conditions.  Research testing has indicated that several variables may influence the potential for large large-scale ignition 
of the antifreeze solution discharged from a sprinkler.  These variables include, but are not limited to, the concentration of 
antifreeze solution, sprinkler discharge characteristics, inlet pressure at the sprinkler, location of fire relative to the 
sprinkler, and size of fire at the time of sprinkler discharge.  Research testing also indicates that propylene glycol or 
glycerin solutions can be used successfully with certain other combinations of these same variables. Given the need for 
additional testing to further define acceptable versus unacceptable scenarios, the use of propylene glycol and glycerin 
antifreeze solutions should only be considered when other sprinkler system design alternatives are not practical.  If these 
solutions are used, all relevant data and information should be carefully reviewed and considered in the sprinkler system.  
The following is a list of research reports that have been issued by the Fire Protection Research Foundation related to the 
use of antifreeze in sprinkler systems: 

 
1. Antifreeze Systems in Home Fire Sprinkler Systems – Literature Review and Research Plan, Fire Protection 

Research Foundation, June 2010. 

2. Antifreeze Systems in Home Fire Sprinkler Systems – Phase II Final Report, Fire Protection Research Foundation, 
December 2010. 

3. Antifreeze Solutions Supplied through Spray Sprinklers – Interim Report, Fire Protection Research Foundation, 
February 2012. (UPDATE REFERENCE TO “FINAL REPORT” if available prior to issuance of TIA) 

The following tables provide an overview of the testing. 
 

Topic Information 
Scope of Sprinklers 
Tested 

The following sprinklers were used during the residential sprinkler research program described in the 
report dated December 2010: 

 Residential pendent style having nominal K-factors of 3.1, 4.9 and 7.4 gpm/psi1/2 
 Residential concealed pendent style having a nominal K-factor of 4.9 gpm/psi1/2 
 Residential sidewall style having nominal K-factors of 4.2 and 5.5 gpm/psi1/2 

The following sprinklers were used during the spray sprinkler research program described in the 
report dated February 2012: 

 Residential pendent style having a nominal K-factor of 3.1 gpm/psi1/2 
 Standard spray pendent style having nominal K-factors of 2.8, 4.2, 5.6 and 8.0 gpm/psi1/2 
 Standard spray concealed pendent style having a nominal K-factor of 5.6 gpm/psi1/2 
  Standard spray upright style having a nominal K-factor of 5.6 gpm/psi1/2 
 Standard spray extended coverage pendent style having a nominal K-factor of 5.6 gpm/psi1/2 

Antifreeze Solution 
Concentration 

<50% Glycerine and <40% Propylene Glycol Antifreeze Solutions—Solutions were not tested. 
50% Glycerine and 40% Propylene Glycol Antifreeze Solutions—Large scale ignition of the 
sprinkler spray did not occur in tests with sprinkler discharge onto a fire having a nominal Heat 
Release Rate (HRR) of 1.4 MW.  Large scale ignition of the sprinkler spray occurred in multiple tests 
with sprinkler discharge onto a fire having a nominal HRR of 3.0 MW.   
55% Glycerine and 45% Propylene Glycol Antifreeze Solutions – Large scale ignition of the 
sprinkler spray occurred in tests with sprinkler discharge onto a fire having a nominal HRR of 1.4 
MW.   
>55% Glycerine and >45% Propylene Glycol Antifreeze Solutions -- Large scale ignition of the 



 

sprinkler spray occurred in tests with sprinkler discharge onto a fire having a HRR of less than 500 
kW.  
70% Glycerine and 60% Propylene Glycol Antifreeze Solutions – Maximum antifreeze solution 
concentrations tested. 

Sprinkler Inlet 
Pressure 

Large scale ignition of the sprinkler discharge spray was not observed when the sprinkler inlet 
pressure was 50 psi or less for tests using 50% glycerine or 40% propylene glycol. 

Ceiling Height When discharging 50% glycerine and 40% propylene glycol antifreeze solutions onto fires having a 
HRR of 1.4 MW, no large scale ignition of the sprinkler spray was observed with ceiling heights up 
to 20 ft.   
 
When discharging 50% glycerine and 40% propylene glycol antifreeze solutions onto fires having a 
HRR of 3.0 MW, large scale ignition of the sprinkler spray was observed at a ceiling height of 20 ft.   
 
 

Fire Control The test results described in the test reports December 2010 and February 2012 indicated that 
discharging glycerine and propylene glycol antifreeze solutions onto a fire can temporarily increase 
the fire size until water is discharged.   
 
As a part of the residential sprinkler research described in report dated December 2010, tests were 
conducted to evaluate the effectiveness of residential sprinklers to control fires involving furniture 
and simulated furniture.  The results of these tests indicated that 50% glycerine and 40% propylene 
glycol antifreeze solutions demonstrated the ability to control the furniture type fires in a manner 
similar to water.  
 
For standard spray type sprinklers, no tests were conducted to investigate the ability of these 
sprinklers to control the types and sizes of fires that these sprinklers are intended to protect.  

 
A.9.2.3 Many All permittedantifreeze solutions are heavier than water. At the point of contact (interface), provisions are 
required by 9.2.3 to prevent the diffusion of water into unheated areas. To avoid leakage, the quality of materials and 
workmanship should be superior, the threads should be clean and sharp, and the joints should be tight. Only metal-faced 
valves should be used. 
 
Submitter’s Substantiation:  The Technical Committee on Residential Sprinkler Systems is taking a different path in 
dealing with antifreeze in NFPA 13D than it has in NFPA 13R or than the Sprinkler System Installation Criteria 
Committee is taking with NFPA 13.  This different path is fundamentally based on the fact that one- and two-family 
dwellings are treated differently in building codes and fire codes than other types of occupancies and in recognition of the 
fact that NFPA 13D has a different objective than NFPA 13R and NFPA 13. 
 
From its inception in 1975, NFPA 13D has been less stringent than NFPA 13 in order to present a document that balances 
the issues of reasonable fire protection with the realistic concerns of cost and redundancy.  NFPA 13D has always 
recognized that if fire sprinkler systems are too much like NFPA 13, they will not be installed in one-and two-family 
dwellings and they will not be able to help change the fact that thousands of people continue to die each year due to fires 
in unsprinklered one-and two-family dwellings.  As such, the Technical Committee on Residential Sprinkler Systems, 
concerned with the overall effort to get sprinkler systems into more one- and two-family dwellings is consciously 
choosing to be less restrictive than NFPA 13, while still maintaining a reasonable level of fire safety for the occupants of 
sprinklered one- and two-family dwellings. 
 
The information provided in the report, Antifreeze Systems in Home Fire Sprinkler Systems – Phase II Report (Fire 
Protection Research Foundation, December 2010) was the basis for TIA 10-2 to NFPA 13D that was issued by the NFPA 
on March 1, 2011.  That research report is still valid and demonstrates how residential sprinklers perform in typical 
dwelling units of typical one- and two-family dwellings with a variety of antifreeze solutions tested through a variety of 
pendent and sidewall residential sprinklers. 
 
Subsequent testing has been performed as a part of a project sponsored by the Fire Protection Research Foundation 
(FPRF), who released an interim report in February of 2012 titled, Antifreeze Solutions Supplied through Spray 
Sprinklers.  This report followed up on the Phase II tests and looked at antifreeze solutions and their performance with a 
variety of standard spray sprinklers.  Given that NFPA 13D calls for the use of residential sprinklers in all locations except 
mechanical closets and unheated areas not intended for living purposes (see section 7.5.3 and 7.5.4 of NFPA 13D), the 



 

results of this latest FPRF research is less important to NFPA 13D.  Still, in reviewing the results of the tests, the 
committee has chosen to tighten up the rules with respect to new installations by proposing this TIA so that designers can 
make better decisions regarding the potential use of antifreeze systems.  For existing systems, the committee is not 
recommending any changes from the TIA processed and issued in March of 2011. 
 
Based on input from Authorities Having Jurisdiction, a total ban on antifreeze systems is not realistic and would be 
detrimental to the effort to pass legislation for mandatory sprinkler requirements in one- and two-family dwellings.  Since 
there are currently no listed antifreeze solutions, a requirement to only use listed antifreeze would be tantamount to a ban 
on the use of antifreeze.  While the use of listed antifreeze systems is probably the best long-term solution, some 
recognition of glycerine or propylene glycol is necessary in the short term, even for new systems. NFPA 13D systems are 
intended to be cost effective. Completely eliminating the use of antifreeze in specific, isolated areas, may significantly 
drive up the cost of residential sprinkler systems. 
 
This TIA starts out expressing a preference for the use of listed antifreeze systems in section 9.2.2.1, but then goes on to 
allow the use of unlisted 48% glycerine or 38% propylene glycol where two conditions are met.  The first condition is that 
the system has to be acceptable to the Authority Having Jurisdiction (AHJ).  It is anticipated that the AHJ will understand 
the gravity of the decision and only approve situations where other options have been explored and rejected as impossible 
or impractical.  The second condition is that the antifreeze has to be limited to a “specific area”.  The committees intent is 
to limit the antifreeze as much as possible to the portion of the system that will experience the cold temperatures.  This 
language is the best that the committee could agree on that allowed the flexibility necessary to handle the wide range of 
design situations that currently exist.  It is anticipated that the AHJ would be able to consider each situation on a case-by-
case basis and determine if the system was sufficiently isolated. 
 
The use of 48% glycerine and 38% propylene glycol is supported by the Phase II test report discussed above when limited 
to residential sprinklers in typical dwelling units.  This position is strengthened by the existing requirement in section 
9.2.2.2 (which becomes 9.2.2.3 in this TIA), which requires the antifreeze to be limited to what is needed for the 
environment.  If the pipe is only going to be subjected to temperatures of 20°F, then a solution of 48% glycerine would 
not be permitted and a premixed solution of 25% glycerine should be used instead since this is all that is needed to protect 
down to 20°F. 
 
In order to provide the designer with as much information as possible, so that informed decisions can be made, this TIA 
proposes an expanded annex section that discusses the findings of the various tests that have been performed, including 
the latest tests just released.  This should help designers understand the risks involved and the consequences of their 
decisions and help guide them to keep antifreeze solutions to the lowest possible concentrations if they decide they want 
to use antifreeze at all. 
 
This TIA does not propose changes to the rules for existing systems (allowing them to stay as they were in TIA 10-2 with 
up to 50% glycerine and 40% propylene glycol).  This decision was made after a review of the testing programs to date 
and a first order risk analysis that looked at the potential problems that would arise if we forced people to retroactively 
change out their existing systems.  This risk analysis shows that the risk of changing the antifreeze requirements for 
existing building and forcing building owners to make a change is higher (6 to 6.3 deaths per year) than leaving the 50% 
glycerine or 40% propylene glycol in systems (3.0 to 3.6 deaths/year).  The following is a summary of this analysis: 
 

Risk Analysis for Antifreeze Systems 
Assumptions 
 

 There are approximately 100 million homes (1 and 2 family) in America 
 There are approximately 300,000 fires in the homes each year (0.003 fires/home/year) 
 There are approximately 3000 fire deaths per year in homes (0.01 deaths/fire) 

o Of these fire deaths, 10% occur in fires that started in spaces that NFPA 13D does not require to be 
sprinklered, so these deaths will be assumed in this analysis to occur, even in sprinklered homes, even 
though actual fire experience has shown that sprinklers in adjacent rooms sometimes activate to control 
these fires and significant losses are not being experienced. 

o In an effort to be conservative, this analysis will also assume that sprinklers are only 90% effective, even 
though significant work has shown them to be much more effective 



 

 There are approximately 2 million sprinklered homes in America (2% of all homes) 
o There are approximately 500,000 systems (25% of all sprinklered homes) with antifreeze that is required 

right now by NFPA 13D to be a maximum of 50% glycerin or 40% propylene glycol 
o There are approximately 1500 fires/yr in the homes with these antifreeze systems 
o There have been no deaths associated with fires in homes having antifreeze systems with 50% or less 

glycerine or 40% or less propylene glycol 
o There have been two incidents of flash fires in the last 5 years causing 1 death and 2 serious injuries in 

apartments.  In both cases, the system concentration is believed to have been greater than 50% with one of 
these being believed to be 70% glycerine and the other 60% glycerine.  For the purposes of this 
conservative analysis, the 2 serious injuries will be considered as deaths. 

o Using these last two bullet points, the risk of death due to flash fire caused by the antifreeze is between 0 
and 0.0004 deaths per year depending on what mix of concentrations is assumed for the population of 
sprinklered homes with antifreeze in the systems. 

 
If the Situation is Left “As Is” with 50% Glycerine or 40% Propylene Glycol Allowed to Remain 
 

 There will be 1500 fires each year in the systems with antifreeze (500,000 sprinklered homes with antifreeze and 
0.003 fires/home/year) 

 There will be 3 deaths per year assuming that sprinklers are 90% effective and in 90% of the locations where 
deadly fires start (1500 fires times 0.01 deaths per fire is a potential for 15 deaths, 1.5 might occur from fires 
starting in unsprinklered spaces, 1.5 might occur due to some failure of the system, the other 12 will be saved) 

 There will be between 0 and 0.6 deaths due to flash fires depending on the population of antifreeze solutions in 
homes (1500 fires times 0.0004 is 0.6, which is extremely conservative considering this statistic is gathered from 
high concentrations systems that were not in homes) 

 Total of between 3.0 and 3.6 possible deaths per year from this decision 
 
If We Call for Replacement/Reduction of Solutions 
 

 Assumption that 125,000 systems (25% of existing antifreeze systems) will get turned off 
 Assumption that 125,000 people (25% of existing antifreeze systems ) will comply and spend the money to do 

something else (lower system concentration, heat tracing or conversion to dry-pipe or preaction system) 
 Assumption that 250,000 systems (50% of existing systems) will be left “as is” with whatever antifreeze they 

have 
 

 The homeowners who shut off their systems will experience 375 fires and 3.75 fire deaths that can’t be prevented 
by a sprinkler system shut off 

 The homeowners that complied will experience 375 fires and 0.75 fire deaths assuming the sprinkler systems are 
90% effective and that sprinklers are installed in 90% of locations where deadly fires start 

 The homeowners that left their systems “as is” will experience 750 fires and between 1.5 and 1.8 fire deaths (1.5 
of the fire deaths are from the system being 90% effective and 90% of the fires starting in sprinklered spaces and 
up to 0.3 of the fire deaths are from the potential for a flash fire depending on the antifreeze concentrations that 
are assumed) 

 Total of between 6.0 and 6.3 potential deaths per year from this decision 
 
Of course, any risk analysis like this is dependent on the assumptions used to formulate the conclusions.  A sensitivity 
analysis was performed on the assumption above that if some change was required by NFPA 13D that 25% of the systems 
would be shut off and only 25% of the systems would be changed to comply.  If the assumption was changed to 10% of 
the systems being shut off and 80% of the systems being changed to comply (with the remaining 10% of the systems left 
“as is”) then the decision to force the change still comes out worse (with a risk between 4.2 and 4.26) than the decision to 
leave all of the systems alone (with a risk between 3 and 3.6). 
 
Emergency Nature: This TIA has been prompted by the recently released interim research report, Antifreeze Solutions 
Supplied through Spray Sprinklers, issued by the Fire Protection Research Foundation in February of 2012.  It is part of a 
package of TIA’s being submitted by each of the fire sprinkler installation and maintenance documents in order to address 



 

the issues raised by that research.  It meets the definition of part 5.2(c) in the Regulations Governing Committee Projects 
as an emergency since the issues raised by the research where not known at the time the standard was being developed. 
 
  The use of propylene glycol and glycerin antifreeze solutions should only be considered when other sprinkler system 
design alternatives are not available or practical.  If these solutions are used, all relevant data and information should be 
carefully reviewed and considered in design and installation of the sprinkler system. 
 
 
Anyone may submit a comment by the closing date indicated above.  To submit a comment, please identify the number of 
the TIA and forward to the Secretary, Standards Council, 1 Batterymarch Park, Quincy, MA 02169-7471. 
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