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The ROP letter ballot for NFPA 2001 is attached.  The ballot is for formally voting on 

whether or not you concur with the committee’s actions on the proposals.  Reasons must 

accompany all negative and abstention ballots. 

 

Please do not vote negatively because of editorial errors.  However, please bring such 

errors to my attention for action. 

 

Please complete and return your ballot as soon as possible but no later than Thursday, 

November 5, 2009.  As noted on the ballot form, please return the ballot to Jeanne 

Moreau-Correia either via e-mail to jmoreaucorreia@nfpa.org  or via fax to 617-984-

7110.   

 

The return of ballots is required by the Regulations Governing Committee Projects.   

 

Attachment: Proposals  
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-1     Log #6

_______________________________________________________________________________________________
Robert G. Richard, Honeywell, Inc.

Add new text as follows:

****Insert Table 1.4.1.2 Here****

Eliminate the comers from within the chemical formulas and put them on the proper lines.

Accept the revised table.
Revise the value for Carbon Dioxide from 9% to 5%.

This corrected a typographical error for carbon dioxide and corrected the chemical symbol for
Tetrafluoroethane.

_______________________________________________________________________________________________
2001-2     Log #7

_______________________________________________________________________________________________
Robert G. Richard, Honeywell, Inc.

Add new text as follows:
HFO              Blend C

Add a new low global warming agent to the standard.

The agent data will not be available to support the proposal for this cycle.

_______________________________________________________________________________________________
2001-3     Log #43

_______________________________________________________________________________________________
Paul E. Rivers, 3M Fire Protection

Revise text to read as follows:
Provide the correct chemical formula for FK-5-1-12. CF2CF2C(O)CF(CF3)2 CF3CF2C(O)CF(CF3)2

Submitted for correction the last two cycles but hasn’t been changed.
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2001/L6/Tb 1.4.1.2 F2010 ROP 1 

Table 1.4.1.2 

HFC              Tetrafluoroethane  (86%)     CH2,FCF3, CHF2, 

Blend B         Pentafluorothane (9%)         CF3, CO2 
                      Carbon dioxide (9%) 
 
 
 
 

HFC              Tetrafluoroethane  (86%)     CH2FCF3  

Blend B         Pentafluorothane (9%)         CHF2CF3 
                      Carbon dioxide (9%)             CO2 
 



Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-4     Log #2

_______________________________________________________________________________________________
William Costello, FirePASS Corp.

*** Includes 2001_L2_Rec-Sub ***

*** Includes 2001_L2_Rec-Sub ***

Note:  Supporting material is available for review at NFPA Headquarters.

The chemical composition was not submitted.  No physical property data was supplied.  There
was no data on storage and delivery such as piping requirements and storage pressure.  The supporting material
addresses a fire prevention system and not a fire suppression system and is considered outside the scope of the
standard.

_______________________________________________________________________________________________
2001-5     Log #31

_______________________________________________________________________________________________
Philip J. DiNenno, Hughes Associates, Inc.

Add new Section 1.4.2.5:
Clean Agent extinguishing systems shall not be used on energized electrical equipment or circuits, or any Class C

hazard.

The design concentration for the use of these agents as energized electrical equipment is unknown.
Data indicate that the extinguishing concentrations for energized electrical equipment are higher than the Class A
extinguishing concentrations. See, for example, Table A.5.6 (a) in Appendix of this standard and the report from recent
NFPRF project (Linteris, G., "Clean Agent Suppression of Energized Electrical Equipment Fires," NFPRF, Quincy, MA,
January 2009). A minimum design concentration for energized electrical equipment and circuits is a basic pie requisite
for the protection of such hazards.

See Committee Proposal on 2001-26 (Log #CP2).
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1. Please add a new line to Table 1.4.1.2 “Agents Addressed in NFPA 2001” 2004 edition and 

the corresponding Table in the 2008 edition to read as follows: 

 

 Trade Name  Chemical Name  Chemical Symbol 
FirePASS agent    Hypoxic Air    N/A 

 

2. Please add a new column to Tables A.1.4.1(b) and (d) to read as follows: 

 

Table A.1.4.1(b) Physical Properties of Insert Gas Agents (SI Units) 

     Units  FirePASS 

Molecular Weight   N/A  equivalent as ambient air  

Boiling point at 760mm Hg  ºC  N/A 

Freezing point    ºC  equivalent to ambient air 

Critical temperature   ºC  N/A 

Critical pressure   kPa  equivalent to ambient air 

Specific heat, vapor at constant kj/kgºC equivalent to ambient air 

   Pressure (1 atm) and 25ºC 

Heat of vaporization at boiling kj/kg  equivalent to ambient air 

   Point 

Relative dielectric strength at  N/A  equivalent to ambient air 

   1 atm at 734mm Hg, 25ºC 

   (N2 = 1.0) 

Solubility of water in agent at  N/A  N/A 

   25ºC 

 

Table A.1.4.1(d) Physical Properties of Inert Gas Agents (English Units) 

     Units  FirePASS 

Molecular Weight   N/A  equivalent as ambient air 

Boiling point at 760mm Hg  ºF  N/A 

Freezing point    ºF  equivalent as ambient air 

Critical temperature   ºF  N/A 

Critical pressure   psia  equivalent as ambient air 

Specific heat, vapor at constant Btu/lbºF equivalent as ambient air 

   Pressure (1 atm) and 77ºF 

Heat of vaporization at boiling Btu/lb  equivalent as ambient air 

   Point 

Relative dielectric strength at  N/A  equivalent as ambient air 

   1 atm at 734mm Hg, 77ºF 

   (N2 = 1.0) 

Solubility of water in agent at  N/A  N/A 

   70ºF 



Submitters Reason:  FirePASS technology has been on the market since 2001.  In order to 

enable FirePASS technology to be accepted for applications in the field, manufacturers, 

certification agencies, regulatory authorities and other users require some form of 

acknowledgement of this technology in an NFPA standard.  The absence of any recognition of 

FirePASS technology within NFPA codes and standards is creating a barrier to the technology 

entering the marketplace. The technology is rapidly developing in Europe – over 300 

installations have been reported so far. 

 

In recognition of Section 5.2(d) of the NFPA Regulations Governing Committee Projects 

(Reg’s), this TIA offers the public a benefit that will lessen a recognized hazard (See Technology 

Overview section below). 

 

In recognition of Section 5.2(e) of the Reg’s, this TIA recognizes an advance in the art of 

safeguarding property and life where an alternative method is not in use. (See Technology 

Overview section below). 

 

In recognition of Section 5.2(f) of the Reg’s, this TIA will correct a situation in which the current 

edition of NFPA 2001 is having an adverse impact on a product.  Currently, AHJ’s are seeking 

reference to FirePASS technology in some NFPA document as means of ensuring due diligence.  

Without this TIA, AHJ’s can find numerous requirements in NFPA 2001 which would not 

permit FirePASS technology to be installed.  This TIA permits FirePASS systems to be installed 

in those applications fully controlled by the terms of the listing and thus allow Fire Pass 

technology to enter the marketplace. 

 



Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-6     Log #CP8

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Revise text to read as follows:
1.5.1.1* Any agent that is to be recognized by this standard or proposed for inclusion in this standard shall first be

evaluated in a manner equivalent to the process used by the U.S. Environmental Protection Agency’s (EPA) SNAP
Program for total flooding agents.

A.6.1.3 Local concentrations of agent in the vicinity of the discharge often will exceed the maximum permitted
exposure limits described in Section 1.5. Consideration for exposure to agent discharge from local application systems
vary greatly and may be more complicated than that for total flooding systems depending on:

- the amount of agent released,
- the time needed to extinguish a fire,
- the size of the room or enclosure in which a fire occurs,
- the size of the fire,
- the proximity of the person to the point of discharge of the agent,
- the rate at which fresh air infiltrates the space, and
- the air exchange rate near the fire.

One approach is to employ a `box model' to assess consumer exposure, which has been widely used for many years
to estimate probable exposures of workers to hazardous airborne materials, and has been described in detail by the
National Institute for Occupational Safety and Health (NIOSH). The box model takes into consideration assumptions on
volume of the space in which the extinguishant is used, rate at which fresh air infiltrates the space, amount and rate of
agent release, area of the fire, location of the worker, and the air exchange rate in the vicinity of the fire. Values obtained
through the box model, compared to cardiotoxic NOAEL/LOAEL values, provide a screen for assessing risk.

However, it should be noted that the model may overstate the actual exposure to an agent, and therefore personal
monitoring tests may be conducted in actual use scenarios in order to complete the assessment.

The US EPA does not specifically evaluate products under the SNAP Program for local application
agents. The introduction of local application systems and specifically Section 6.1.3 which requires that the safety
requirements of Section 1.5 be applied requires clarification that the agent be evaluated as a total flooding agent and not
a streaming agent.

_______________________________________________________________________________________________
2001-7     Log #8

_______________________________________________________________________________________________
Robert G. Richard, Honeywell, Inc.

Add new text as follows:
HFO             Blend C      <5%       <5%

Add a new low global warming agent to the standard.

The agent data will not be available to support the proposal for this cycle.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-8     Log #29

_______________________________________________________________________________________________
Philip J. DiNenno, Hughes Associates, Inc.

Replace existing text in 1.6 as follows:
1.6 The agent with the least environmental impact, as measured by GWP, that is technically feasible shall be used.

Current GWP values for the agents in the standard are given in Table 1-6.

***Insert Table 1-6 here***
2001_L29_Tb1-6_R

The use of high GWP fire suppression gases is a contributor to climate change. At a minimum, the
user, designer and installer should be encouraged to use the lowest possible environmental impact agent consistent
with the technical requirements of the installation. The proposal change reflects this important design consideration in an
objective and enforceable manner.

In addition, it is essential that all parties be aware of likely environmental restrictions on the use of high GWP agents in
the future.

Revise 1.6(2) as follows: Potential environmental impacts, including but not limited to Ozone Depletion Potential (ODP)
and Global Warming Potential (GWP), of the clean agents that could be used.

Place the full ODP and GWP table into the annex as follows:

***Insert Table A.1.6 Here***
The change emphasis ODP and GWP without requiring an onerous assessment of numerous

agents.  It also clarrified what is meant by environmental effect in existing 1.6(2).

_______________________________________________________________________________________________
2001-9     Log #16

_______________________________________________________________________________________________
Bob Eugene, Underwriters Laboratories Inc.

Revise text to read as follows:
2.3.10 ULC Publications.
Underwriters' Laboratories of Canada, 7 Underwriter's Road, Toronto, Ontario M1R 3B4, Canada.
CAN/ULC S524-M91 06, Standard for the Installation of Fire Alarm Systems, 1991 2006.
CAN/ULC S529-M87 09, Smoke Detectors for Fire Alarm Systems, 1987 2009.

Delete the apostrophe after Underwriters so that the ULC Publisher will read "Underwriters
Laboratories of Canada". Update standards to most recent revisions.
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2001/L29/F2010/ROP/ 

Table 1-6 

Agent GWP  

100 yr 

FK-5-1-12 0 

HFC-125 2,800 

HFC-227ea 2,900 

IG-541 0 

IG-55 0 

 



 2001/L29/Tb A.1.6/F2010/ROP 

 

 

Agent GWP (IPCC 2007) ODP 

FIC-13I1 0.4 0* 

FK-5-1-12 1 0 

HCFC Blend A 1550 0.048 

HFC Blend B 1540 0 

HCFC-124 609 0.022 

HFC-125 3500 0 

HFC-227ea 3220 0 

HFC-23 14800 0 

HFC-236fa 9810 0 

IG-01 0 0 

IG-100 0 0 

IG-541 0.1 0 

IG-55 0 0 

   

* Agent may have a non-zero ODP if released at altitudes high above ground level. 

 



Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-10     Log #CP10

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Add new definition as follows:
Adjusted Minimum Design Concentration (AMDC). The target minimum design concentration after the Safety Factor

and the Design Factors have been taken into account.  This term is also referred to as simply Design Concentration
throughout this document. In determining the Duration of Protection (5.6) it is 85 percent of the AMDC that must be held
for the duration of the retention time.

Throughout this document and throughout the industry it is concentration that is used, not quantity.
We need to define the concentration terms so that we can appropriately use them in this manual (i.e. section 5.6)

_______________________________________________________________________________________________
2001-11     Log #CP11

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Add new definition as follows:
Final Design Concentration (FDC).  The actual concentration of agent discharged into the enclosure.  The FDC is

equal to, or greater than, the Adjusted Minimum Design Concentration
Throughout this document and throughout the industry it is concentration that is used, not quantity.  We

need to define the concentration terms so that we can appropriately use them in this manual (i.e. section 5.6)

_______________________________________________________________________________________________
2001-12     Log #9

_______________________________________________________________________________________________
Robert G. Richard, Honeywell, Inc.

Add new text as follows:
Quality. Agent properties shall meet the standards of quality given in tables 4.1.2(a) through 4.1.2.(de)

Add plural where appropriate and add new low global warming agent to the standard.

The agent data will not be available to support the proposal for this cycle.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-13     Log #21

_______________________________________________________________________________________________
Michael Kroneder, Fire Eater

New text to read as follows:
Agent: IG-541 Agent container pressure
at 70F   (21C)   4503psig   31,050kPa
at 130F   (55C) 5359psig 36,950kPa
Min Design pressure of piping Upstream 4503psig 32,050kPa

To ensure NFPA 2001 is up to date on the technologies and equipment available 300 bar 18-541 must
be included.

The technology for 300 bar 18-541 is available and used in many countries, In Europe most new 18-541 installations
are 300 bar systems.

Editorial correction on the conversion as follows:
Correct the conversion as follows:
4503psig     31,050kPa
Add these requirements to the table.

_______________________________________________________________________________________________
2001-14     Log #42

_______________________________________________________________________________________________
Paul E. Rivers, 3M Fire Protection

Revise text to read as follows:
Remove asterisk from the FK-5-1-12 150 psig pressure reference in the data column Agent Container Charging

Pressure at 70ºF(21.1ºC) (psi).
It was incorrectly inserted into the document in the last cycle. The 150 psig design is predicated on

system superpressurization, as originally submitted.

_______________________________________________________________________________________________
2001-15     Log #17

_______________________________________________________________________________________________
Bob Eugene, Underwriters Laboratories Inc.

Revise text to read as follows:
4.3.1.1 Detection, actuation, alarm, and control systems shall be installed, tested, and maintained in accordance with

appropriate NFPA protective signaling systems standards. (See NFPA 70 and NFPA 72. In Canada refer to CAN/ULC
S524-M91 06 and CAN/ULC S529-M87 09.)

Update standards to most recent revisions.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-16     Log #19

_______________________________________________________________________________________________
Abhay Nadgir, Kidde-Fenwal, Inc.

Add new sections 4.3.2.1.1 and 4.3.2.1.2 as follows:
4.3.2.1.1 Actuation of clean agent suppression systems from a single air sampling detector shall not be permitted.
4.3.2.1.2 Where air sampling smoke detection is used, the system shall be arranged to activate the release only

subsequent to initiating input from a second completely independent air sampling detector or by point type smoke
detectors in crossed zone fashion.

One of the benefits of cross-zoned and counting-zoned spot type smoke detection used for automatic
actuation of clean agent suppression systems is to ensure confirmation and presence of smoke alarms by two
independent smoke detectors, and possibly using two different detection technologies(photoelectric and ionization)
before actuation occurs. Failure of one spot type smoke detector will not result in the actuation of the suppression
system.

The use of multiple smoke alarm levels from a single air sampling smoke detector doesn’t afford protection from single
detector point failure and could result in unwanted system actuation.

Air sampling detectors with multiple sampling pipes do not preclude the possibility of suppression system actuation in
the event of single detector point failure.

Furthermore, multi-pipe air sampling smoke detectors that use indexed rotational valves are at a higher risk of
unwanted discharge in the event of valve failure such as malfunction in the valve gasket seals.

The technology for air sampling allows for several levels of alarm and there is no rationale for
excluding those types of systems.

_______________________________________________________________________________________________
2001-17     Log #20

_______________________________________________________________________________________________
Patrick Sullivan, Kidde-Fenwal, Inc.

New text to read as follows:
Add new sections 4.3.2.4:
To: 4.3.2.4 At least two detection zones, or at least two devices as initiating inputs, shall be used where the

concentration of a clean agent will exceed either the NOAEL for halocarbon agents or 43% for inert gas agents as
calculated at the maximum temperature of the protected enclosure.

The proposed requirement is intended to (a) reduce the likelihood of unintended system discharge and
the likelihood that personnel would be exposed to clean agent concentrations exceeding NOAEL values or limiting
oxygen concentrations due to aberrant alarms from a single initiating device.

This is a human health issue and health safety is adequately addressed in the standard in
sections 1.5 and 4.3.5.2 and 4.3.5.6.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-18     Log #3

_______________________________________________________________________________________________
James Everitt, Western Regional Fire Code Development Committee

Revise text to read as follows:
4.3.3.6 The normal manual control(s) for actuation shall be located for easy accessibility at all times, including at the

time of a fire.
4.3.3.6.1 The manual control(s) shall be of distinct appearance and clearly recognizable for the purpose intended.
4.3.3.6.2 Operation of any manual control shall cause the complete system to operate as designed in its normal

fashion.
Puts the section into the manual of style for one requirement per item. Also removes redundant text in

4.3.3.6.  4.3.3.6.2 clarifies that is pertains to a manual control and changes the language to have the system perform as
designed at what is a “normal fashion.”

Only except the change to 4.3.3.6.2.
The other changes do no add anything for clarity and it does not violate the manual of style.

_______________________________________________________________________________________________
2001-19     Log #4

_______________________________________________________________________________________________
James L. Kidd, Hiller New England Fire Protection Inc.

New text to read as follows:
Add following wording:
Removal of primary agent container actuating device from the discharge valve and/or selector valve shall result in both

audible and distinct visual indication of system impairment.
The main actuating device is supervised for its electrical continuity but not its presence on the

container valve. As installers, we can all recall cases of finding solenoids removed from the container upon arrival to a
site. This may have been done by the customer or the last person who serviced the system. The release control
equipment will not, at this time, recognize this important missing device.

Should the system be required to operate and, does not, there could be serious consequence for all involved.

Add new text to read as follows:
Removal of primary agent container actuating device from the discharge valve and/or selector valve shall cause a

trouble or supervisory signal at the releasing control unit.

Adding trouble and supervisory is consistent with 2001-20 (Log #18).
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-20     Log #18

_______________________________________________________________________________________________
Michael Yakine, Kidde-Fenwal, Inc.

Revise text to read as follows:
4.3.6* Unwanted System Operation:
4.3.6.1 To avoid unwanted discharge of a clean agent system, a supervised disconnect switch shall be provided. The

disconnect switch shall interrupt the releasing circuit to the suppression system. and shall cause a supervisory signal at
the releasing control unit.

4.3.6.2 When used, the disconnect switch shall be of the keyed-access type with means to indicate the suppression
system operational status.

4.3.6.3 When the disconnect switch is operated and the suppression system is disabled, the access key shall not be
removable so that the suppression system can be quickly returned to the operational condition in the event of a fire.

4.3.6.4 Suppression systems disconnect achieved via software programming shall not be acceptable for use in lieu of a
physical disconnect switch.

4.3.6.5 The disconnect switch shall be listed for such use.
The additional language will align the key maintenance switch requirements of NFPA 2001 with those

of NFPA 72. The keyed-access type will ensure only authorized personnel with proper access can disable the
suppression system.

In some applications, the key maintenance switch is not installed adjacent to the control unit. Indication of the system’s
operational status at the key maintenance switch location will provide local visual indication of the system’s status, in
addition to the control unit.

If a fire occurs when the Key Switch is operated for maintenance or service purposes, the need to quickly restore the
system back into operational conditions is critical. A non-removable key will ensure the key is locally present and readily
operable.

Revise text to read as follows:
4.3.6* Unwanted System Operation:
4.3.6.1 To avoid unwanted discharge of a clean agent system, a supervised disconnect switch shall be provided. The

disconnect switch shall interrupt the releasing circuit to the suppression system. and shall cause a trouble or supervisory
signal at the releasing control unit.

4.3.6.2 The disconnect switch shall be  located inside a lockable fire alarm control panel, inside a lockable enclosure,
or require a key for activation of the switch.

4.3.6.3 When the disconnect switch requires a key for activation, the access key shall not be removable while
disconnected so that the suppression system can be quickly returned to the operational condition in the event of a fire.

4.3.6.4 Suppression systems disconnect achieved via software programming shall not be acceptable for use in lieu of a
physical disconnect switch.

4.3.6.5 The disconnect switch shall be listed.
Minor changes were made to make it more generic.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-21     Log #5

_______________________________________________________________________________________________
James L. Kidd, Hiller New England Fire Protection Inc.

New text to read as follows:
When a clean agent total flooding system is being provided for the protection of a room, a raised or sunken floor

beneath the protected room must also be simultaneously protected. This would include the installation of pipe, discharge
nozzles and detectors in accordance with their listings.

As an installation company, we have seen, in the recent economy, specifications and installations of
room total flood clean agent systems that have ignored the protection of the space below the raised or sunken floor.
Even if there is no air flow or cabling in the lower space, the agents are going to eventually leak to the low point and
prematurely decay the concentration in the room. If, in fact, there happens to be an incident in the below floor area, the
concentration of agent leaking downward will not be enough to reach an extinguishing concentration, and therefore,
could possibly cause the heat to produce great amounts of products of decomposition.

Add new 5.3.5 to read as follows:
5.3.5  When a clean agent total flooding system is being provided for the protection of a room with a raised or sunken

floor, the room and raised or sunken floor shall  be simultaneously protected.
Renumber the existing 5.3.5 and the remainder of the section.

The proposal was revised to make it mandatory and the last sentence was deleted as it did not
contain mandatory requirements.

_______________________________________________________________________________________________
2001-22     Log #32

_______________________________________________________________________________________________
Philip J. DiNenno, Hughes Associates, Inc.

Replace existing 5.4.2.2 as follows:
The flame extinguishing concentrations for Class A fuels shall be the greater of (a) 91 % of the Class B concentration,

(b) the values in Table 5.4.2 or (c) as determined by tests as part of a listing program.

***Insert Table 5.4.2 here***
2001_L32_Tb5.4.2_R

The current Class A design concentrations are inadequate. They are inadequate based on the
following:

1. Compared to historical values for Halon 1301 and CO2, the Class A concentrations should be 1.5 to 2x the heptane
extinguishing concentration value. In the case of clean agents, these concentrations are less than the heptane MEC, let
alone 1.5x these values.

2. Full-scale fire test data exist that show these agents cannot extinguish Class A fuels at the current values. See
Table 5.6.(a) in the Appendix of NFPA 2001.

3. The extinguishing and design concentrations are substantially lower than European and International standards.
In addition, the NFPA 2001 values for Class A design concentrations are as much as 30% lower than the equivalent

design value under ISO 14520. From both an historical perspective and current international practice, the design
concentrations for Class A surface fires as described in NFPA 2001 appear too low.

Note:  Supporting material is available for review at NFPA Headquarters.

An MEC is an experimental result.  The proposal, in part, disconnects the Class A MEC with a
Class A extinguishing test.
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2001/L32/ROP/F2010/R 

New Table 5.4.2 - Minimum 

Class A Extinguishing 
Concentration 

Agent Concentration 

FK-5-1-12 4.1% 

HFC-125 8.6% 

HFC-227ea 6.1% 

IG-541 30.7% 

IG-55 31.0% 
4. 



Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-23     Log #CP4

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Revise 5.4.2.3 to read as follows:
5.4.2.3  The minimum design concentration for a Class B fuel hazard shall be the extinguishing concentration, as

determined in 5.4.2.1, times a safety factor of 1.3.
The change was made to correlate with 2001-24 (Log #30).

_______________________________________________________________________________________________
2001-24     Log #30

_______________________________________________________________________________________________
Philip J. DiNenno, Hughes Associates, Inc.

Change 1.2 to 1.3 in Section 5.4.2.4:
The safety factor for Class A fires should be increased from 1.2 to 1.3 for the following reasons:

1. The current safety factor for Class B hazards is 1.3; there is no practical or theoretical reason for the safety factor to
be different for Class A hazards.

2. The historical safety factors for total flooding gases for Class A hazards were in the range of 1.5 to 1.6 for halon
1301 and carbon dioxide. There is no demonstrated reason for the safety factor for Class A fuels to be so much lower
with these new alternative agents.

3. Probability of failure calculations performed by I. Schlosser at VdS indicate a decrease in the system failure
probability from 17.5% to 10% as the safety factor is increased from 1.2 to 1.3.

Reference:
Schlosser, I, "Reliability and Efficacy of Gas Extinguishing Systems with Consideration of System - Analytical Methods"

Proceedings — VdS Congress on Fire Extinguishing Systems, December 1 and 2, 1998, Cologne, Germany.
4. The international consensus view including the USTAG, as reflected in ISO 14520, is that a minimum safety factor of

1.3 is required for Class A hazards.
5. Uncertainty in extinguishing concentration values (see proposals related to (5.4.2.2.) for Class A fuels provides an

additional argument for a higher safety factor.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-25     Log #33

_______________________________________________________________________________________________
Philip J. DiNenno, Hughes Associates, Inc.

Section 5.4.2.5 - replace current text with:
The minimum design concentration for Class C Hazards is unknown and, hence, such hazards shall not be protected

by clean agent systems.
The design concentration for the use of these agents as energized electrical equipment is unknown.

Data indicate that the extinguishing concentrations for energized electrical equipment are higher than the Class A
extinguishing concentrations. See for example, Table A.5.6(a) in Appendix of this standard and the report from recent
NFPRF project
(Linteris, G., "Clean Agent Suppression of Energized Electrical Equipment Fires," NFPRF, Quincy, MA, January 2009).

In addition, design practice for other similar agents (i.e., CO2 and Halon 1301) indicate a design concentration for
Class C hazards 1.8 to 2 times the Class A concentrations.
Previous TG Task Group actions were accepted by a large majority of this committee including industry representatives
resulted in a recommendation of dramatically increased concentrations for Class C hazards. This action was overturned
as a result by industry led actions at the TCR session during the last cycle. As a result we still have no credible guidance
for Class C hazard and the user and designer should be so cautioned.

Clearly the statement in 5.4.2.5 is misleading and provides no useful guidance and requires that this change be made.

See Committee Proposal on 2001-26 (Log #CP2).
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-26     Log #CP2

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Add new sections to read as follows:
5.4.2.5.1 The minimum design concentration for a hazard that includes electrical equipment, listed in Table

5.4.2.5.1,which remains powered during and after agent discharge, shall be 1.6  times the Class A extinguishing
concentration as determined in 5.4.2.2.

Table 5.4.2.5.1  Energized Electrical Hazards
1.  Cable bundles greater in diameter than four inches (100 mm) which include power distribution cables other than

power-over-Ethernet (nominal 48 VDC, maximum 25 W) cables.
2.  Cable trays with a fill density greater than twenty-percent (20%) of the tray cross-section
3.  Cable trays spaced closer than 10 inches (250 mm) to each other
4.  Individual equipment units in which the power consumption or production exceeds 5 kW
5.4.2.5.1 The minimum design concentration for spaces containing energized electrical hazards supplied at greater

than 480 volts which remains powered during and after agent discharge, shall be determined by testing, as necessary,
and a hazard analysis.

For Annex A.5.4.2.5.1
The Class C design concentration equal to 1.6 times the Class A concentration was developed by averaging flame

extinguishing concentrations reported in thirteen test reports reviewed by the Technical Committee and comparing the
average to published Class A extinguishing concentrations for various agents.

Item 4 in Table 5.4.2.5.1 refers to “Individual equipment units where the power consumption or production exceeds 5
kW.” This class of special hazard is intended to include electrically powered equipment items or modules such as a
single cabinet which exceeds 5KW power consumption.  This requirement would not apply collectively to arrays or
collections of equipment.

An IT room containing multiple units having a sum total power consumption  exceeds 5 kW would not necessarily
require application of paragraph 5.4.2.5.1 so long as individual unit has a power consumption or production in excess of
5 kW.

Another example, could be server rack containing 12 blade servers each rated at 500 watts collectively.  Although the
total power consumption within the rack exceeds 5 kW, 5.4.2.5.1 would not apply because the individual blade servers
do not exceed 5 kW power consumption.

5.4.2.5.1 is intended to deal with the case  in which a fire, started by an electrical initiating failure, could occur, and
where augmented energy combustion (due to external heat flux to the burning Class A fuel substrates contained in the
equipment or module, such as insulation, PC boards, combustible structural elements), owing to persistent electric
arcing or ohmic heating due to continued electrical current flow.  This results in flaming that is unable to be extinguished
at the ordinary Class A agent design concentration. In cases where racks or cabinets contain multiple equipment units
or modules, the 5 kW reference power level refers to that of individual modules, not to the collective power consumption
of all units in a rack or cabinet. The latter point is made as each equipment item other than the primary failed unit, while
subject to flame ignition from the primary failure, would offer a separate fire event requiring elevated agent concentration
due to its own localized energy augmented combustion.

The NIST study (ref 1) of energy augmented combustion shows that the minimum extinguishing
concentration can be affected by energy flux to a burning surface. Analysis by the Class C Task Group in 2006
concluded that a body of test data (Ref 2) indicates the use of a clean agents design concentration at 1.6 times the
minimum Class A extinguishing concentration where energy flux to burning fuels occurs at high levels.

Ref. 1. “Clean Agent Suppression of Energized Electrical Equipment Fires,” Gregory T. Linteris, Ph.D., Building & Fire
Research Laboratory National Institute of Standards and Technology, January 2009.

Ref. 2. Collection of thirteen publications addressing the effects of added energy on flame extinguishing concentration
of gaseous agents.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-27     Log #28

_______________________________________________________________________________________________
Philip J. DiNenno, Hughes Associates, Inc.

Add new text for 5.4.2.6:
The minimum design concentration for deep seated Class A fuels has not been determined, therefore, clean agent

systems shall not be used for deep seated fire hazards.

No testing is required under this standard that addresses deep seated fires in Class A fuels,
particularly paper, cardboard, or similar forms of fuel. The lack of test data as an adequate design concentration should
preclude the use of these agents on these hazards. Similar hazards involving the use of CO2 and Halon 1301 required
concentrations in excess of 1.5x the analogous Class A concentration used for clean agents and often substantially
longer hold times.

Rewrite and add new text for 5.4.2.6:
The minimum design concentration for a smoldering combustion hazard (deep seated fire hazard) shall be determined

by an application specific test.
It is important not to exclude clean agents from use and applications where their successful use

can be demonstrated by tests.

_______________________________________________________________________________________________
2001-28     Log #26

_______________________________________________________________________________________________
Brad T. Stilwell, Fike Corporation

Revise text to read as follows:
5.5.3.1*Tee Design Factor: Other than identified in 5.5.3.1.3, Where a single agent supply is used to protect multiple

hazards, the agent supply shall be increased by 2.5%.  For Example an 8% design concentration would have the initial
supply of 8.2% if a single agent supply were protecting more than one hazard. Delete Table 5.5.3.1, 5.5.3.1.1, 5.5.3.1.2
and renumber 5.5.3.1.3 to 5.5.3.1.1

The current standard is confusing and I believe is not used.  Requiring designers to increase the
agent supply in systems with multiple hazards will help with design flexibility and account for agent splits at tees.

The proposal would lead to to a reduction in system conservatism for certain agents under
certain conditions.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-29     Log #CP5

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Revise 5.6 to read as follows:
5.6* Duration of Protection. A minimum concentration of 85 percent of the Adjusted Minimum Design Concentration

shall be held at the highest level of combustibles for a minimum period of l0 minutes or for a time period to allow for
response by trained personnel. It is important that the agent Adjusted Minimum Design Concentration not only shall be
achieved, but also shall be maintained for the specified period of time to allow effective emergency action by trained
personnel. This is equally important in all classes of fires, since a persistent ignition source (e.g. an arc, heat source,
oxyacetylene torch, or "deep-seated" fire) can lead to resurgence of the initial event once the clean agent has
dissipated.

The intent of this was to hold 85 percent of the minimum design concentration. The minimum design
concentration differs from the final design concentration, which is the concentration that we actually start with (which is
equal to, or greater than, the minimum design concentration).

_______________________________________________________________________________________________
2001-30     Log #23

_______________________________________________________________________________________________
Michael Kroneder, Fire Eater

New text to read as follows:
For inert gas agents, the discharge time required to achieve 95 percent of the minimum design concentration for flame

extinguishment based on a 20 percent safety factor shall not exceed 60 seconds for Class B fires or 120 seconds for
Class A surface fires, or as otherwise required by the authority having jurisdiction.

As Inert gas do not decompose, a quick discharge is not a requirement for system functionality. Slower
discharge will result in less turbulences and less panic and confusion for people located in the room during discharge
and add to the overall safety. The required Pressure relief vent area will also be reduced and increase the room
integrity.

See Committee Action on 2001-31 (Log #24).
See Committee Statement on 2001-31 (Log #24).

15Printed on  10/15/2009



Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-31     Log #24

_______________________________________________________________________________________________
Thomas J. Wysocki, Guardian Services, Inc.

Revise text to read as follows:
For inert gas agents, the discharge time required to achieve 95 percent of the minimum design concentration for flame

extinguishment based on a 20 percent safety factor shall not exceed 60 seconds for Class B fuel hazards, 120 seconds
for Class A surface fire hazards or Class C hazards, or as otherwise required by the authority having jurisdiction.

There is long precedent to permit discharge times in excess of 60 seconds for systems using inert
gaseous agents. NFPA 12 permits discharge times of 7 minutes for carbon dioxide protection of deep seated hazards
which include Class A and Class C fuels. Marine clean agent systems using inert gas are permitted a 120 second
discharge time (SOLAS, IMO, USCG regulations). A longer discharge time is desirable so long as risk to life and
property is not increased. Advantages of a longer discharge time include smaller pipe and valve sizes are required for
the agent delivery system conserving both cost, energy and natural resources; less room venting is required to maintain
enclosure integrity during discharge; less turbulence and noise will be generated during discharge reducing potential for
secondary damage to contents of the enclosure (less turbulence) and reducing risk to personnel should they be unable
to evacuate the protected space before the start of the discharge.

Revise text to read as follows:
For inert gas agents, the discharge time required to achieve 95 percent of the minimum design concentration for flame

extinguishment shall not exceed 60 seconds for Class B fuel hazards, 120 seconds for Class A surface fire hazards or
Class C hazards, or as otherwise required by the authority having jurisdiction.

The safety factor was deleted as it is addressed in 2001-23 (Log #30).

_______________________________________________________________________________________________
2001-32     Log #CP6

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Revise text to read as follows:
7.4 Enclosure Inspection. Other than as identified in 7.4.1, the enclosure protected by the clean agent shall be

thoroughly inspected at least every 12 months to determine if penetrations have occurred that could lead to agent
leakage or other changes have occurred that could change volume of hazard, or both.

Where the inspection indicates conditions that could result in the inability to maintain the clean agent concentration, the
conditions shall be corrected. If uncertainty still exists, the enclosures shall be retested for integrity in accordance with
7.7.2.3.

Editorial deleted the "s" on enclosures.

_______________________________________________________________________________________________
2001-33     Log #11

_______________________________________________________________________________________________
Robert G. Richard, Honeywell, Inc.

Add properties of new agent too table.
Add plural where appropriate and add new low global warming agent to the standard.

The agent data will not be available to support the proposal for this cycle.
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_______________________________________________________________________________________________
2001-34     Log #10

_______________________________________________________________________________________________
Robert G. Richard, Honeywell, Inc.

Add properties of new agent too table.
Add plural where appropriate and add new low global warming agent to the standard.

The agent data will not be available to support the proposal for this cycle.

_______________________________________________________________________________________________
2001-35     Log #41

_______________________________________________________________________________________________
Paul E. Rivers, 3M Fire Protection

New and Revise text to read as follows:
1. Add revised graphs for FK-5-1-12 for 360 psig and 25 bar.
2. Add new graphs for FK-5-1-12 for 610 psig and 42 bar.
See graphs below.

***Insert Graphs 2001_L41_R.pdf***

Note: This was submitted for the last cycle ROP but inadvertently not added into the 2008 edition. Further, the 360 psig
and 25 bar charts existing from the 2004 edition that incorrectly wasn’t changed was deleted.

1. Graphs had been updated since the 2004 edition.
2. High-pressure systems are now specified, designed and installed for which the added data are useful.

_______________________________________________________________________________________________
2001-36     Log #22

_______________________________________________________________________________________________
Michael Kroneder, Fire Eater

New text to read as follows:
Agent: IG-541 Pressure in Agent Container at 70F (21C) 4508psig 31,050kPa

Minimum Acceptable Fittings:
Class 3,000 lb thrd. forged steel  Maximum Pipe Size:  1 in.
Class 6,000 lb thrd./weld F.S.  Maximum Pipe Size:  All
Class 2,500 flanged joint  Maximum Pipe Size:  All

To ensure NFPA2001 is up to date on the technologies and equipment available 300bar IG-541 must
be included.

The technology for 300bar IG-541 is available and used in many countries, In Europe most new IG-541 installations
are 300bar systems.

Note:  Supporting material is available for review at NFPA Headquarters.

17Printed on  10/15/2009









Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-37     Log #CP7

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Revise text to read as follows:
A.5.1.2.2(28) Specified Pressure Limit is a value determined or estimated with confidence to be less than the enclosure

pressure strength. It is not intended to necessarily be the same as the “enclosure pressure strength” as would be
determined by a structural engineering analysis.

Revised for clarity.

_______________________________________________________________________________________________
2001-38     Log #12

_______________________________________________________________________________________________
Joseph A. Senecal, Kidde-Fenwal, Inc.

Revise the third sentence as follows:
From: “It was reported by Senecal (Senecal 2004) that …”
To: “It was reported (Senecal 2005) that …”

The change is to replace the reference from “Senecal 2004” (a conference presentation) to “Senecal
2004 and 2005” (a peer-reviewed published paper discussing the same material). Add the following reference in E.1.3
Other References: Senecal, Joseph A., “Flame extinguishing in the cup-burner by inert gases,” Fire Safety Journal,
Volume 40, Issue 6, pp. 579-591, September 2005.

_______________________________________________________________________________________________
2001-39     Log #25

_______________________________________________________________________________________________
Brad T. Stilwell, Fike Corporation

****Insert Include 2001_L25_R.doc Here****

This proposal gives the users of this standard new information regarding Energized Electrical Testing
that was not available during the last standards cycle.

Based upon the committee action on Class C fires, the new appendix material is unnecessary.
The committee will evaluate the deletion of other annex material at the ROC an including the references to relevant
research papers.
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A.5.4.2.5  Class C fires have been a topic of great interest by many and it is important to 

give end users as much information as possible regarding Class C fires.  The next few 

paragraphs will report data gathered by Fike Corporation and DuPont. 

 

Copper Wire 

The behavior of copper wire subjected to elevated temperatures was examined by 

connecting the ends of a ten inch length of 24 AWG bare copper wire to Electronics 

Measurements, Inc.  Model TCR power supplies rated up to 40 volts @ 100 amps. The 

current was then adjusted to a constant level and the temperature of the wire monitored 

using unsheathed, bare, thermocouple wires and Fluke thermocouple meters. The results 

of these tests are shown in Table A.5.4.2.5-1, where it can be seen that for wire 

temperatures below approximately 950°F, the copper wire remained intact for a time 

period of at least 10 minutes. Wire temperatures above approximately 1000°F could not 

be maintained for 10 minutes as the wire would break; higher wire temperatures could be 

tolerated for shorter time periods before the wire was observed to break. 

 

Table A.5.4.2.5-2 shows the results of the same test, but conducted with jacketed copper 

wire. In this case the wire was observed to fail at average temperatures in excess of 

approximately 725°F. Compared to bare wire, less heat is dissipated away from the 

copper wire when it is surrounded by the insulator, leading to an increased corrosion rate 

due the higher localized wire temperatures. 

 

 

Table A.5.4.2.5-1 Overloaded Copper Wire; 24 AWG Bare Copper Wire 

Current (A) Temperature (°F) Duration (time to wire failure) 

21 700 > 10 min 

 

 

23 

800-825 > 10 min 

25 925-950 > 10 min 

26 1000 8 min 

27 1050 3:23; 5:13; 6:02 

 

 

Table A.5.4.2.5-2 Overloaded Copper Wire; 24 AWG Jacketed Copper 

Wire 

Current (A) Temperature (°F) Duration (time to wire failure) 

20.5 700 > 10 min 

21.5 725 24 sec 

23.5 850 28 sec 

27 1050 10 sec 

 

 

Additional tests were conducted to examine the temperature limitations of braided copper 

wire compared to stranded wire, and no significant differences were observed. 
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A number of important conclusions can be drawn from these tests: 

 Bare copper wire can withstand a 10 minute overcurrent only when the wire 

temperature is limited to 1000°F 

 Insulated copper wire can withstand a 10 minute overcurrent only when the wire 

temperature is limited to 700°F 

 Larger gauge wires require more current to attain a given temperature but behave 

similarly to smaller gauge wires at similar temperatures 

 Wire gauge makes little difference in the ability of copper wire to withstand high 

temperatures: - the maximum temperature which can be tolerated for 10 minutes 

is approximately 900 to 1000°F 

 Stranded cables and single conductor cables behave similarly 

 Copper wire heated to 750-1000°F is sustainable for 10 minutes only if these 

temperatures are not exceeded anywhere along the length of the wire 

 When copper wire is heated to above 700°F, corrosion is accelerated and this 

corrosion is the primary reason for failure at these temperatures 

 

Energized Material Testing 

 

In order to replicate real world materials, the power conductor employed in any Class C 

standard test should be copper wire or cable, which is employed almost exclusively 

throughout the industry. PVC dominates as the material of choice for electrical insulation, 

followed by polyethylene (PE), which is typically employed as an insulation when cables 

are located outside. Additional insulation materials include Hypalon, cross-linked 

polyolefin (XLPO), high density polyethylene (HDPE), and Neoprene. 

 

With respect to test conditions, it is critical to keep in mind the limitations of copper 

wire/cable. As discussed above, copper wire can withstand temperatures of up to only 

approximately 1000°F for extended periods, and at higher temperatures will quickly fuse, 

breaking the electrical circuit. Tests carried out at wire temperatures of approximately 

1200°F would therefore represent a reasonable worse case scenario, but cannot be 

performed with copper wire, which will fuse in seconds at such wire temperatures. 

However, by employing nichrome wire at 1200°F, we can simulate an overcurrent 

scenario that is very challenging in nature since such a wire temperature is 20% higher 

than what could be withstood by copper wire. 

 

Ignition of plastic samples as a function of wire temperature was evaluated and it was 

determined that a wire temperature of 1800
o
F was sufficient to cause the ignition of a 

wide range of plastic materials. 

Based on the above considerations, the following test protocol was proposed: 

• Employ nichrome wire at 1800
o
F for sample ignition 

 

• At 30 s after ignition, reduce the wire temperature to 1200°F and maintain at 

1200°F throughout the remainder of test 

 

• At 60 s after ignition, activate suppression system 
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• Examine test material for reignition during a 10 minute hold period 

 

Several configurations of plastic sample and ignition/heating wire were examined before 

deciding on the final configuration. The configuration ultimately adopted is shown in 

Figures A.5.4.2.5-1 and A.5.4.2.5-2. The test frame is constructed from aluminum and 

contains two electrical standoffs with ceramic insulators for connection of the test frame 

to a power supply. The test specimen is shown in Figure 2. It was found that shorter 

specimens presented a more challenging scenario than taller specimens; when testing 

PMMA samples, small "finger" flames developed on the top edge of the PMMA sample, 

which did not develop when taller specimens were employed. 

 

 

****Insert Artwork Here**** 

 

Figure A.5.4.2.5-1. Test Frame Test Frame 18ga NiCr wire loop Insulated Electrical 

Standoffs (2), 2” tall with wire elevation of 1.4” 3”6” 

 

 

****Insert Artwork Here**** 

 

Figure A.5.4.2.5-2. Baffling System Discharge Baffle (scaled down from UL2166 

baffle design) 12” 7.25” 9.25” All baffle material constructed using 5/8” plywood 15” 

SQ Two pieces required, one frame with feet extending 1.5” from bottom of frame 
 

 

****Insert Artwork Here**** 

 

Figure A.5.4.2.5-3 Polymeric Material Sample Dimensions 

 

 

Suppression tests were conducted in a 200ft
3 

box constructed from plywood and 

measuring approximately 3.3 feet wide, 7.6 feet deep and 8 feet tall. A walk-in door is on 

one end of the enclosure, a 12 inch square viewing window and two ventilation ports are 

used to purge the enclosure between tests. Electronics Measurements, Inc. Model TCR 

power supplies were used to heat the Ni-Cr wire to the desired temperature. Temperatures 

are determined using unsheathed, bare, thermocouple wires and Fluke thermocouple 

meters. Agent was discharged into the test cell using an inverted container to ensure that 

all contents were discharged into the test cell. A single nozzle was installed centrally in 

the test cell; the nozzle discharges in a 360º pattern. All tests employed scaled baffling 

modeled after the UL 2166 polymer fire. 

 

Plastic samples investigated included PVC, HDPE, PMMA, ABS, and PP. PMMA, ABS 

and PP were investigated due to their inclusion in UL 2166 Class A listing tests. 

 

Tests were conducted with HFC-227ea at its minimum Class A design concentration of 

6.25% v/v. A current corresponding to a wire temperature of 1800
o
F was applied to the 
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nichrome wire to afford ignition of the sample. At 30 seconds after ignition, the current 

was reduced to a level corresponding to a wire temperature of 1200
o
F, and maintained at 

this level throughout the entire test. At 60 seconds from ignition the suppression system 

was activated. The system was then observed for any re-ignition during a 10 minute soak 

period. 

 

The test results are shown in Table A.5.4.2.5-3. In all cases, the Class A minimum 

extinguishing of HFC-227ea (6.25% v/v) was found to be capable of extinguishing the 

fires and preventing re-ignition over a 10 minute hold period during which the nichrome 

wire remained energized at a current level corresponding to a wire temperature of 

1200
o
F, well above the upper use limit of copper wire. The tests also demonstrated the 

"self-extinguishing" nature of PVC. Although small intermittent flames were observed 

with PVC, a self-sustaining flame could not be generated under the test conditions. 

 

 

Table A.5.4.2.5-3 Energized Material Sample Tests with 

HFC-227ea at 6.25% 

Plastic Ignition(s) Ext Time from 

EOD (s) 

Re-ignition 

during soak? 

ABS 10 10 NO 

PP 25 10 NO 

PP 30 12 NO 

PMMA 5 20 NO 

PVC NA NA NO 

PVC NA NA NO 

PVC NA NA NO 

HDPE 30 10 NO 

PMMA 20 40 NO 

ABS 3 11 NO 

PP 4 10 NO 

HDPE 30 10 NO 

ABS 4 12 NO 

PMMA 9 41 NO 

HDPE 9 6 NO 

 

 

Cable Bundle Testing 

Another example of a typical, representative Class C hazard is an electrically energized 

cable bundle. In order to evaluate the performance of the clean agents on cable fires a 

cable bundle test was devised which employed the test enclosure described above for the 

plastic slab tests and consisted of a bundle of seven PVC cables through which a central 

18 gauge nichrome wire was inserted. The nichrome wire was electrically energized to a 

wire temperature of 1800°F and maintained at this temperature throughout the entire test. 

Following ignition, the cable bundle was allowed to burn for 60 seconds (i.e., a 60 s 

preburn was employed) and the suppression agent was then released, and the test 

configuration observed for extinguishment and reignition over a soak period. The cable 
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bundle configuration is shown in Figure A.5.4.2.5-4. Tests were conducted at minimum 

design concentration and as low as minimum design concentration minus 30 percent.  In 

all cases the PVC bundle fire was extinguished by the clean agents. Results of the testing 

at minimum design concentration are shown in Table A.5.4.2.5-4. 

 

 

****Insert Artwork Here**** 

 

Figure A.5.4.2.5-4 Cable Fire End View 

 

 

Table A.5.4.2.5-4 Cable Bundle Fire Test Results 

Agent Concentration 

(%v/v) 

Ignition(s) Ext. Time from 

EOD (s) 

HFC-125 8.0 :10 :08 

HFC-125 8.0 :06 -:01 

HFC-125 8.0 :10 :05 

HFC-227ea 6.3 :09 :05 

HFC-227ea 6.3 :08 -:08 

HFC-227ea 6.3 :11 -:04 

FK-5-1-12 4.2 :09 :03 

FK-5-1-12 4.2 :10 :00 

FK-5-1-12 4.2 :09 :05 

IG-55 34.2 :10 -:50 

IG-55 34.2 :11 2:10 

IG-55 34.2 :05 :20 

 

 

If a hazard is going to be protected that contains electrical conductors other than copper 

and has materials near the copper that have questionable flammability characteristics then 

further evaluation should be made and tests conducted to determine the proper design 

concentration. 

 

References 
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Procedure for the Evaluation of the Performance of Clean Agents in the 

Suppression of Class C Fires 

2. Robin, Mark L., Shaw, Bon, and Stilwell, Brad, Summary of Ongoing Class C 

Fire Research for the Purpose of Identifying and Evaluating Class C Fire Risks 

and Suppression Needs in Modern Data Centers, Internet Service Providers and 

Telecommunication Facilities 







Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-40     Log #CP3

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Add new annex material to new A.5.4.2.6 as follows:
Fires in Solid Materials. Two types of fires can occur in solid fuels: one in which volatile gases resulting from heating or

decomposition of the fuel surface are the source of combustion; and another in which oxidation occurs at the surface of,
or within, the mass of fuel. The former is commonly referred to as “flaming” combustion, while the latter is often called
“smoldering” or “glowing” combustion. The two types of fires frequently occur concurrently, although one type of burning
can precede the other. For example, a wood fire can start as flaming combustion and become smoldering as burning
progresses. Conversely, spontaneous ignition in a pile of oily rags can begin as a smoldering fire and break into flames
at some later point. Flaming combustion, because it occurs in the vapor phase, may be extinguished with relatively low
levels of clean agents. In the absence of smoldering combustion, it will stay out.

Smoldering combustion is not subject to immediate extinguishment as is flaming combustion. Characteristic of this type
of combustion is the slow rate of heat losses from the reaction zone. Thus, the fuel remains hot enough to react with
oxygen, even though the rate of reaction, which is controlled by diffusion processes, is extremely slow. Smoldering fires
can continue to burn for many weeks, for example, in bales of cotton and jute and within heaps of sawdust. A
smoldering fire ceases to burn only when either all of the available oxygen or fuel has been consumed or when the fuel
surface is at too low a temperature to react. These fires are usually extinguished by reducing the fuel temperature, either
directly by application of a heat-absorbing medium, such as water, or by blanketing with an inert gas. The inert gas
slows the reaction rate to the point where heat generated by oxidation is less than heat losses to surroundings. This
causes the temperature to fall below the level necessary for spontaneous ignition after removal of the inert atmosphere.

For the purposes of this standard, smoldering fires are divided into two classes: (1) where the smoldering is not “deep
seated” and (2) deep-seated fires.
Whether a fire will become deep seated depends, in part, on the length of time it has been burning before application of
the extinguishing agent. This time is usually called the “preburn” time.

Another important variable is the fuel configuration. While wood cribs and pallets are easily extinguished with Class A
design concentrations, vertical wood panels closely spaced and parallel may require higher concentrations and long
hold times for extinguishment. Fires in boxes of excelsior and in piles of shredded paper also may require higher
concentrations and long hold times for extinguishment. In these situations, heat tends to be retained in the fuel array
rather than being dissipated to the surroundings. Radiation is an important mechanism for heat removal from smoldering
fires.

Further explanation was needed on smoldering and deep seated fires in class A materials.  Proposal
2001-27 (Log #28) addressed the issue without a detailed explanation of deep seated fires.
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Report on Proposals  –  November 2010 NFPA 2001
_______________________________________________________________________________________________
2001-41     Log #14

_______________________________________________________________________________________________
Joseph A. Senecal, Kidde-Fenwal, Inc.

Under “By 2008 Method” add the following MEC values:
HFC-227ea 6.62 ± 0.14%
IG-100 32.2 ± 0.7%

The MEC values for HFC-227ea and IG-100 were established by an interlaboratory study described in
the following reference: Senecal, Joseph A., "Standardizing the Measurement of Minimum Extinguishing Concentrations
of Gaseous Agents," Fire Technology, Vol. 44, No. 3, pp. 207-220, September 2008.

Revise text to read as follows:
Under “By 2008 Method” add the following MEC values:
HFC-227ea 6.62
IG-100 32.2

Deleted tolerances to be consistent with the document.

_______________________________________________________________________________________________
2001-42     Log #CP12

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Delete the word "Superheated" from Tables A.5.5.1(a)-(r) and A.5.5.2 (a)-(h).
The word "Superheated" is incorrect in some of the tables and is unnecessary in others.

_______________________________________________________________________________________________
2001-43     Log #40

_______________________________________________________________________________________________
Mark L. Robin, DuPont Fluoroproducts

Delete text to read as follows:
Delete all entries in Table A.5.5.1(a) for temperatures below 120 oF.

In the indicated table and formula, “s” is the specific volume of the superheated vapor.  A superheated
vapor is thermodynamically defined as a vapor at a temperature above it boiling point; therefore, a superheated vapor
state of a compound does not exist at temperatures below the compound’s boiling point, and all entries in the table for
temperatures below the compound’s boiling point are meaningless (since a superheated vapor does not exist below a
compound’s boiling point, there can be no such thing as a specific volume for the superheated vapor when the
temperature is below the boiling point).  No technical justification exists therefore for the inclusion of these values in the
total flooding tables.

The data below the boiling point has been measured, is technically justified and exist.  In some
cases the term "Superheated" is incorrectly used.
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_______________________________________________________________________________________________
2001-44     Log #44

_______________________________________________________________________________________________
Mark L. Robin, DuPont Fluoroproducts

Delete text to read as follows:
Delete all entries in Table A.5.5.1(b) for temperatures below 50 oC.

In the indicated table and formula, “s” is the specific volume of the superheated vapor.  A superheated
vapor is thermodynamically defined as a vapor at a temperature above it boiling point; therefore, a superheated vapor
state of a compound does not exist at temperatures below the compound’s boiling point and all entries in the table for
temperatures below the compound’s boiling point are meaningless (since a superheated vapor does not exist below a
compound’s boiling point, there can be no such thing as a specific volume for the superheated vapor when the
temperature is below the boiling point).  No technical justification exists therefore for the inclusion of these values in the
total flooding tables.

The data below the boiling point has been measured, is technically justified and exist.  In some
cases the term "Superheated" is incorrectly used.

_______________________________________________________________________________________________
2001-45     Log #39

_______________________________________________________________________________________________
Mark L. Robin, DuPont Fluoroproducts

Delete text to read as follows:
Delete all entries in Table A.5.5.1(c) for temperatures below -30 oF.

In the indicated table and formula, “s” is the specific volume of the superheated vapor.  A superheated
vapor is thermodynamically defined as a vapor at a temperature above it boiling point; therefore, a superheated vapor
state of a compound does not exist at temperatures below the compound’s boiling point and all entries in the table for
temperatures below the compound’s boiling point are meaningless (since a superheated vapor does not exist below a
compound’s boiling point, there can be no such thing as a specific volume for the superheated vapor when the
temperature is below the boiling point).  No technical justification exists therefore for the inclusion of these values in the
total flooding tables.

The data below the boiling point has been measured, is technically justified and exist.  In some
cases the term "Superheated" is incorrectly used.

_______________________________________________________________________________________________
2001-46     Log #34

_______________________________________________________________________________________________
Mark L. Robin, DuPont Fluoroproducts

Delete text to read as follows:
Delete all entries in Table A.5.5.1(d) for temperatures below -35 oC.

In the indicated table and formula, “s” is the specific volume of the superheated vapor.  A superheated
vapor is thermodynamically defined as a vapor at a temperature above it boiling point; therefore, a superheated vapor
state of a compound does not exist at temperatures below the compound’s boiling point and all entries in the table for
temperatures below the compound’s boiling point are meaningless (since a superheated vapor does not exist below a
compound’s boiling point, there can be no such thing as a specific volume for the superheated vapor when the
temperature is below the boiling point).  No technical justification exists therefore for the inclusion of these values in the
total flooding tables.

The data below the boiling point has been measured, is technically justified and exist.  In some
cases the term "Superheated" is incorrectly used.
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_______________________________________________________________________________________________
2001-47     Log #35

_______________________________________________________________________________________________
Mark L. Robin, DuPont Fluoroproducts

Delete text to read as follows:
Delete all entries in Table A.5.5.1(q) for temperatures below -10 oF.

In the indicated table and formula, “s” is the specific volume of the superheated vapor.  A superheated
vapor is thermodynamically defined as a vapor at a temperature above it boiling point; therefore, a superheated vapor
state of a compound does not exist at temperatures below the compound’s boiling point and all entries in the table for
temperatures below the compound’s boiling point are meaningless (since a superheated vapor does not exist below a
compound’s boiling point, there can be no such thing as a specific volume for the superheated vapor when the
temperature is below the boiling point).  No technical justification exists therefore for the inclusion of these values in the
total flooding tables.

The data below the boiling point has been measured, is technically justified and exist.  In some
cases the term "Superheated" is incorrectly used.

_______________________________________________________________________________________________
2001-48     Log #36

_______________________________________________________________________________________________
Mark L. Robin, DuPont Fluoroproducts

Delete text to read as follows:
Delete all entries in Table A.5.5.1(r) for temperatures below -20 oC.

In the indicated table and formula, “s” is the specific volume of the superheated vapor.  A superheated
vapor is thermodynamically defined as a vapor at a temperature above it boiling point; therefore, a superheated vapor
state of a compound does not exist at temperatures below the compound’s boiling point and all entries in the table for
temperatures below the compound’s boiling point are meaningless (since a superheated vapor does not exist below a
compound’s boiling point, there can be no such thing as a specific volume for the superheated vapor when the
temperature is below the boiling point).  No technical justification exists therefore for the inclusion of these values in the
total flooding tables.

The data below the boiling point has been measured, is technically justified and exist.  In some
cases the term "Superheated" is incorrectly used.
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_______________________________________________________________________________________________
2001-49     Log #37

_______________________________________________________________________________________________
Mark L. Robin, DuPont Fluoroproducts

New text to read as follows:
Insert the following text into Section A.5.6 after the current fifth paragraph (after paragraph beginning “ If electrical

equipment cannot…):
One of the major shortcomings of previous studies on clean agent suppression of Class C fires was the use of

nichrome wire as the electrical conductor [Niemann, et. al., 2001; Driscoll, et. al., 1997; Bayless, et. al., 1998;
Bengsaton, et. al., 2005] .  Copper is employed as the electrical conductor in almost all electrical applications - nichrome
wire is never employed.  In order to better understand the characteristics of copper wire, DuPont Fluoroproducts and
Fike Corporation carried out a series of simple laboratory scale tests involving electrically energized copper wires
[Robin, Stilwell and Shaw, 2008; Robin, Stilwell and Shaw, 2007].

The behavior of copper wire subjected to elevated temperatures was examined by connecting the ends of a ten inch
length of 24 AWG bare copper wire to Electronics Measurements, Inc. Model TCR power supplies rated up to 40 volts
@ 100 amps.  The current was then adjusted to a constant level and the temperature of the wire monitored using
unsheathed, bare, thermocouple wires and Fluke thermocouple meters.  The results of these tests are shown in Table 1,
where it can be seen that for wire temperatures below approximately 950 oF, the copper wire remained intact for a time
period of at least 10 minutes. Wire temperatures above approximately 1000 oF could not be maintained for 10 minutes
as the wire would break; higher wire temperatures could be tolerated for shorter time periods before the wire was
observed to break

Table 2 shows the results of the same test, but conducted with jacketed copper wire.  In this case the wire was
observed to fail at average temperatures in excess of approximately 725 oF. Compared to bare wire, less heat is
dissipated away from the copper wire when it is surrounded by the insulator, leading to an increased corrosion rate due
the higher localized wire temperatures.

***Insert Table 2001_L37_R_Table1.doc****

***Insert Table 2001_L37_R_Table2.doc****

Additional tests were conducted to examine the temperature limitations of braided copper wire compared to stranded
wire, and no significant differences were observed.

A number of important conclusions can be drawn from these tests:
· Bare copper wire can withstand a 10 minute overcurrent only when the wire temperature is limited to 1000 oF
· Insulated copper wire can withstand a 10 minute overcurrent only when the wire temperature is limited to 700
oF
· Larger gauge wires require more current to attain a given temperature but behave similarly to smaller gauge
wires at similar temperatures
· Wire gauge makes little difference in the ability of copper wire to withstand high temperatures: - the maximum
temperature which can be tolerated for 10 minutes is approximately 900 to 1000 oF
· Stranded cables and single conductor cables behave similarly
· Copper wire heated to 750-1000 oF is sustainable for 10 minutes only if these temperatures are not exceeded
anywhere along the length of the wire
· When copper wire is heated to above 700 oF, corrosion is accelerated and this corrosion is the primary reason
for failure at these temperatures

A large number of previous studies [Niemann, et. al., 2001; Driscoll, et. al., 1997; Bayless, et. al., 1998; Bengsaton, et.
al., 2005] employed nichrome wire at current levels corresponding to wire temperatures in excess of 1800 oF.  At this
temperature, bare copper wire is sustainable for less than 10 seconds, and at 1800 oF insulated copper wire is
sustainable for even lesser periods of time.  Hence, these tests involving a nichrome wire would be impossible to
conduct if one were to employ, instead of nichrome, the conductor used in essentially all power transmission cables.
The conditions employed in these tests are clearly not representative of the real world hazard.

An example of a typical, representative Class C hazard is an electrically energized cable bundle.  In order to evaluate
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    Table 1.  Overloaded Copper Wire; 24 AWG Bare Copper Wire 

 

 

Current (A) 

 

Temperature (
o
F) 

Duration (time to wire 

failure) 

21 700 > 10 min 

23 800-825 > 10 min 

25 925-950 > 10 min 

26 1000 8 min 

27 1050 3:23 ; 5:13 ; 6:02 
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Table 2.  Overloaded Copper Wire; 24 AWG Jacketed Copper Wire 

 

 

Current (A) 

 

Temperature (
o
F) 

Duration (time to wire 

failure) 

20.5 700 > 10 min 

21.5 725 24 s 

23.5 850 28 s 

27 1050 10 s 
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the performance of the clean agents on cable fires a cable bundle test was devised which employed the test enclosure
described above for the plastic slab tests and consisted of a bundle of seven PVC cables through which a central 18
gauge nichrome wire was inserted.  The nichrome wire was electrically energized to a wire temperature of 1800 oF and
maintained at this temperature throughout the entire test.  Following ignition, the cable bundle was allowed to burn for
60 seconds (i.e., a 60 s preburn was employed) and the suppression agent was then released, and the test
configuration observed for extinguishment and reignition over a soak period.  The cable bundle configuration is shown in
Figure 1.  Test were conducted at minimum design concentration and as low as minimum design concentration minus
30 percent - in all cases the PVC bundle fire was extinguished by the clean agents.  Results of the testing at minimum
design concentration are shown in Table 3.  Figure 2 shows typical results, those for HFC-227ea at minimum design
and at minimum design minus 30 percent.

***Insert Figure 2001_L37_R_Figure1.doc****

***Insert Table 2001_L37_R_Table3.doc****

***Insert Figure 2001_L37_R_Figure2.doc****

Several major conclusions may be drawn from a review of the fire suppression literature and the results of the Class C
testing by DuPont/Fike:
· The fire history of  telecommunications and data processing facilities shows that, while relatively rare, fires in
these facilities can lead to substantial damage and revenue loss
· Fires in telecommunications and data processing facilities are characterized by low fuel loads, primarily
involving wire insulation, printed circuit boards, electronic components,      transformers, insulating materials, and plastic
housings
· Fires in telecommunications and data processing facilities typically initiate from an overheat, short or arc
condition, are of low energy output, often less than 5 to 10 kW, and produce varying amounts of combustion products,
often corrosive and toxic
· Relatively few tests have been reported in which energized electrical or electronic equipment were involved.
The vast majority of tests involving electronic equipment employ unpowered equipment and a means of ignition other
than electrical
· The vast majority of tests involving powered equipment have been conducted on the recently developed clean
agents.  Many of these tests employ unusual test  configurations which are difficult to relate to real world Class C fire
scenarios
· Recent evaluations of the performance of the clean agents on Class C fires indicate that current Class A
minimum design concentrations of the clean agents are sufficient to suppress at least some Class C fires, e.g., cable
bundle fires

Provides relevant and valuable information of clean agent suppression of Class C fires.

See Committee Statement on 2001-39 (Log #25).
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                                                     Figure 1.  Cable Bundle  

 

Belkin cable, 16 gauge 
PVC insulation/PVC jacket 
Bundle of seven 6” long  
cables 

Energized 18 ga Nichrome wire inserted  

inside jacket of center cable  

 



2001_L37_R.doc 

 

                Table 3.  PVC Cable Fire Tests: Agent at Design Concentration 

 

Ext time

Ignition from EOD

Run Agent Conc., % v/v (s) (s)

A1 HFC-125 8.0 0:10 0:08

A2 HFC-125 8.0 0:06 - 0:01

A3 HFC-125 8.0 0:10 0:05

A4 HFC-227ea 6.3 0:09 0:05

A5 HFC-227ea 6.3 0:08 -0:08

A6 HFC-227ea 6.3 0:11 - 0:04

A7 PFK-5-1-12 4.2 0:09 0:03

A8 PFK-5-1-12 4.2 0:10 0:00

A9 PFK-5-1-12 4.2 0:09 0:05

A10 IG-55 34.2 0:10 - 0:50

A11 IG-55 34.2 0:11 2:10

A12 IG-55 34.2 0:05 0:20
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              Figure 2.  Extinguishment of PVC Cable Bundles with HFC-227ea 
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_______________________________________________________________________________________________
2001-50     Log #CP13

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Delete from the paragraph starting with "Examples of methods developed to simulate...", to the end
of the section, including the tables.

Based upon the committee action on Class C fires, the appendix material is unnecessary.  The
committee will evaluate the deletion of other annex material at the ROC an including the references to relevant research
papers.

_______________________________________________________________________________________________
2001-51     Log #13

_______________________________________________________________________________________________
Joseph A. Senecal, Kidde-Fenwal, Inc.

Delete Figure B.19(a) and Figure B.19(b). Re-number Figures B.19(c) through B.19(h) to B.19(a)
through B.19(f).

The figures currently appearing as B.19(a) and B.19(b) were supposed to have been deleted from the
prior edition when new text and figures were introduced at the last revision cycle.

_______________________________________________________________________________________________
2001-52     Log #38

_______________________________________________________________________________________________
Fred Musser, Fire Safety Technology

Revise text to read as follows:
Delete Paragraphs C.2.6.1.3 through and including C.2.6.1.9 and replace with NFPA 2001/2004 edition paragraphs

C.2.6.1.3 through and including C.2.6.1.9 and
Delete Paragraphs C.2.6.3.4 through and including C.2.7.2 and replace with NFPA 2001/2004 edition paragraphs

C.2.6.3.5 through and including C.2.7.2
1. Test procedure adds complexity to test procedure and possible extra equipment with minimal

benefit.
2. Calculations as provided are erroneous. Committee has been unable to provide corrected calculations.

See Committee Proposal on 2001-53 (Log #CP9).

_______________________________________________________________________________________________
2001-53     Log #CP9

_______________________________________________________________________________________________
Technical Committee on Gaseous Fire Extinguishing Systems,

Revise Annex C as follows:

***Include-Legtextcopy***

***Include-Cleancopy***
Annex C was changed to clean up the wording and make it more clear.  Many of the changes also

corrected errors in the formulas.
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NFPA Annex C Enclosure Integrity Procedure 

This annex is not a part of the requirements of this NFPA document but is included for 
informational purposes only. 

 

C.1 Procedure Fundamentals. 

Add new definition of Adjusted Minimum Design Concentration (AMDC) 

Adjusted Minimum Design Concentration (AMDC). The target minimum design 

concentration after the Safety Factor and the Design Factors have been taken into 
account. This term is also referred to as simply Design Concentration throughout this 

document. In determining the Duration of Protection (5.6) it is 85% of the AMDC that 
must be held for the duration of the retention time. 

 

Add new definition of Final Design Concentration (FDC)  

Final Design Concentration (FDC). The actual concentration of agent discharged into 

the enclosure. The FDC is equal to, or greater than, the Adjusted Minimum Design 
Concentration 

Table C.1 below shows the various symbols, quantities and units. 

Table C.1 — Symbols, quantities and units 

Sym
bol 

Quantity Unit 

Ci initial concentration of extinguishant in air for the enclosure at the 
beginning of the hold time 

% vol. 

Cmin minimum concentration of extinguishant in air at height H in the 
enclosure at the end of the hold time — not less than the 
extinguishing concentration 

% vol. 

EqL
A 

equivalent leakage area m2 

F lower leakage fraction, effective equivalent leakage area of lower 
leaks divided by effective equivalent leakage area of all leaks 

1 

gn acceleration due to gravity m/s2 

H minimum protected height, which is the highest level of 
combustibles 

m 

Ho overall height of enclosureMaximum Flooded Height m 

k1 leakage constant of the room where, Q = k
1
 . P

n
 m3/(s.Pan ) 

k2 intermediate calculation variable [see Equation (C.2.7.1.1)]  Kgn  m3(1-
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n)/(s.Pan ) 

k3 simplifying constant [see Equation (C.2.7.1.7a)] m/s2 

k4 simplifying constant [see Equation ( C.2.7.1.7b)] Pa m3/kg 

n leakage exponent of the total leakage of the room where, Q = k
1
 . 

Pn per
 
C.2.6.3.4  

1 

nl leakage exponent of the lower leakage of the room. where, Q = k
1
 

. Pn per
 
C.2.7.1.3b  

1 

nt the flow exponent for total leaks 1 

P1 is the average test pressure for the primary test point, usually 10 
Pa 

Pa 

P2 is the average test pressure for the secondary test point, usually 
50 Pa 

Pa 

P1d is the actual test pressure for the primary test point in the 
depressurization direction. 

Pa 

P2d the actual test pressure for the secondary test point in the 
depressurization direction 

Pa 

P1p the actual test pressure for the primary test point in the 
pressurization direction 

Pa 

P2p the actual test pressure for the secondary test point in the 
pressurization direction 

Pa 

Pbh bias pressure during the hold time Pa 

Pbt bias pressure at the time of the fan test Pa 

Pmi initial extinguishant mixture/air column pressure Pa 

Pref reference pressure difference for equivalent leakage area Pa 

Qf measured air flow rate through fan m3/s 

Q1 measured flow at P1d & P1p , corrected to reference conditions 
(21°C, 1.013 bar) 

m3/s 

Q2 measured flow at P2d & P2p , corrected to reference conditions 
(21°C, 1.013 bar) 

m3/s 

Q1d measured flow at P1d m3/s 

Q2d measured flow at P2d m3/s 

Q1p measured flow at P1p m3/s 

Q2p measured flow at P2p m3/s 

t predicted hold time [see Equations 2.7.1.7] s 

V maximum intentionally flooded enclosure volume m3 
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a air density (1.202kg/m3 at 21°C and 1.013 bar) kg/m3 

e extinguishant density at 21°C and 1.013 bar  kg/m3 

mf extinguishant/air mixture density at the concentration Cmin 21°C 
and 1.013 bar atmospheric pressure 

kg/m3 

mi extinguishant/air mixture density at initial concentration Ci 21°C, 
and 1.013 bar atmospheric pressure. (see Equation C.2.7.1.4) 

kg/m3 

Add Table C.1 here from Colin’s material 

C.1.1 Scope. 

C.1.1.1 This procedure outlines a method to equate enclosure leakage as determined 

by a door fan test procedure to worst-case clean agent leakage. The calculation method 
provided makes it possible to predict the time it will take for a descending interface to 
fall to a given height or, for the continually mixed cases, the time for the concentration to 
fall to a given percentage concentration. 

C.1.1.2 Enclosure integrity testing is not intended to verify other aspects of clean agent 

system reliability, that is, hardware operability, agent mixing, hydraulic calculations, and 
piping integrity. 

C.1.1.3 This procedure is limited to door fan technology and is not intended to preclude 

alternative technology such as acoustic sensors. 

C.1.1.4 This procedure should not be considered to be an exact model of a discharge 

test. The complexity of this procedure should not obscure the fact that most failures to 
hold concentration are due to leaks in the lower surfaces of the enclosure, but the door 
fan does not differentiate between upper and lower leaks. The door fan provides a 
worst-case leakage estimate that is very useful for enclosures with complex hidden 
leaks, but it will generally require more sealing than is necessary to pass a discharge 
test. 

C.1.2 Limitations and Assumptions. 

C.1.2.1 Clean Agent System Enclosure. The following should be considered 

regarding the clean agent system and the enclosure:  

(1) Clean Agent System Design. This test procedure concerns only halon total flooding 
fire suppression systems using clean agent that are designed, installed, and 
maintained in accordance with this standard. 

(2) Enclosure Construction. Clean agent protected enclosures, absent of any 
containing barriers above the false ceiling, are not within the scope of Annex C. 

(3) Clean Agent Concentration. Special consideration should be given to clean agent 

systems with concentrations greater than 10 percent where the concern exists 
that high concentrations can result in significant overpressures from the 
discharge event in an enclosure with minimal leakage. 

(34) Enclosure Height, H0. This method is valid for any height enclosure, and no 



2001/LCP9/legtext/R 

special considerations are needed. 

(45) Static Pressures. Wherever possible, static pressure differentials (HVAC system, 

elevator connections, etc.) across the enclosure envelope should be minimized 
during the door fan test. The test can only be relied on for enclosures having a 
range of static pressures outlined in C.2.5.2.3. 

Bias Pressure. Whenever Possible , bias pressure differentials at the time of the door 
fan test, (Pbt) and during the hold time, (Pbh) (due to HVAC system, elevator 
connections, etc.) across the enclosure envelope should be minimized. The test 
can only be relied on for enclosures having a range of bias pressures outlined 
in C.2.5.2.3 and C.2.6.1.2(6).  

C.1.2.2 Door Fan Measurements. The following should be considered regarding the 

door fan and its associated measurements:  

(1) Door Fan Standards. Guidance regarding fan pressurization apparatus design, 
maintenance, and operation is provided by ASTM E 779, ASTM E 1827 and 
CAN/CGSB-149.10-M86. 

(2) Attached Volumes. There can be no significant attached volumes within or 
adjoining the enclosure envelope that will allow detrimental clean agent leakage 
that would not be measured by the door fan. Such an attached volume would 
be significant if it is absent of any leakage except into the design envelope and 
is large enough to adversely affect the design concentration. 

(3) Return Path. All significant leaks must have an unrestricted return path to the door 
fan. 

(4) Leak Location. The difficulty in determining the specific leak location on the 
enclosure envelope boundaries using the door fan is accounted for by 
assuming clean agent leakage occurs through leaks at the worst location. This 
is when one-half of the total equivalent leakage area is assumed to be at the 
maximum enclosure height and the other half is at the lowest point in the 
enclosure. In cases where the below false ceiling leakage area (BCLA) is 
measured using C.2.6.2, the value attained for BCLA is assumed to exist 
entirely at the lowest point in the enclosure. 

(5) Technical Judgment. Enclosures with large overhead leaks but no significant leaks 
in the floor slab and walls will yield unrealistically short retention time 
predictions. Experience has shown that enclosures of this type can be capable 
of retaining clean agent for prolonged periods. However, in such cases the 
authority having jurisdiction might waive the quantitative results in favor of a 
detailed witnessed leak inspection of all floors and walls with a door fan and 
smoke pencil.  

C.1.2.3 Retention Calculations. The following information in C.1.2.3.1 through 

C.1.2.3.910 should be considered regarding the retention calculations and its 
associated theory. 

C.1.2.3.1 Dynamic Discharge Pressures. Losses due to the dynamic discharge 
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pressures resulting from halon system actuation are not specifically addressed. 

C.1.2.3.2 Static Bias Pressure. Variable external staticbias pressure differences (wind, 

etc.) are additive and should be considered. 

C.1.2.3.3 Temperature Differences. When temperature differences exceeding 18°F 

(10°C) exist between the enclosure under test and the other side of the door fan, special 
considerations outlined in this document should be considered. 

C.1.2.3.34 Floor Area. The floor area is assumed to be the volume divided by the 

maximum height of the protected enclosure. 

C.1.2.3.5 Descending Interface. The enclosure integrity procedure assumes a sharp 

interface. When a clean agent is discharged, a uniform mixture occurs. As leakage 
takes place, air enters the room. This procedure assumes that the incoming air rides on 
top of the remaining mixture. In reality, the interface usually spreads because of 
diffusion and convection. These effects are not modeled because of their complexity. 
Where a wide interface is present, the descending interface is assumed to be the 
midpoint of a wide interface zone. Because of the conservatism built into the procedure, 
the effects of interface spreading can be ignored. If continual mechanical mixing occurs, 
a descending interface might not be formed (see C.2.7.1.6). 

C.1.2.3.46 Leak Flow Characteristics. All leak flow is one-dimensional and does not 

take into account stream functions. 

C.1.2.3.57 Leak Flow Direction. A particular leak area does not have bidirectional flow 

at any point in time. Flow through a leak area is either into or out of the enclosure. 

C.1.2.3.68 Leak Discharge. The outflow from the leak discharges into an infinitely large 

space. 

C.1.2.3.79 Leak Locations. Calculations are based on worst-case clean agent leak 

locations. 

C.1.2.3.810 Clean Agent Delivery. The calculations assume that the design 

concentration of clean agent will be achieved. If a suspended ceiling exists, it is 
assumed that the clean agent discharge will not result in displacement of the ceiling 
tiles. Increased confidence can be obtained if ceiling tiles are clipped within 4 ft (1.2 m) 
of the nozzles and all perimeter tiles. 

C.1.3 Definitions. For the purposes of Annex C, the following definitions are to apply. 

C.1.3.1 Area, Effective Floor. The volume divided by the maximum halon clean agent 

protected height. 

C.1.3.2 Area, Effective Flow. The area that results in the same flow area as the 

existing system of flow areas when it is subjected to the same pressure difference over 
the total system of flow paths. 

C.1.3.3 Area, Equivalent Leakage (ELAEqLA). The total combined area of all leaks, 

cracks, joints, and porous surfaces that act as leakage paths through the enclosure 
envelope. This is represented as the theoretical area of a sharp-edged orifice that would 
exist if the flow into or out of the entire enclosure at a given pressure were to pass 
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solely through it. For the purposes of this document, the ELA is calculated at the column 
pressure. 

C.1.3.4 Area, Return Path. The effective flow area that the air being moved by the door 

fan must travel through to complete a return path back to the leak. 

C.1.3.5 Attached Volumes. A space within or adjoining the enclosure envelope that is 

not protected by clean agent and cannot be provided with a clearly defined return path. 

C.1.3.6 BlowerFan. The component of the door fan used to move air. 

C.1.3.7 Ceiling Slab. The boundary of the enclosure envelope at the highest elevation. 

C.1.3.8 Column Pressure. The theoretical maximum positive pressure created at the 

floor slab by the column of the clean agent–air mixture. 

C.1.3.9 Descending Interface. The enclosure integrity procedure assumes a sharp 

interface. When clean agent is discharged, a uniform mixture occurs. As leakage takes 
place, air enters the room. This procedure assumes that the incoming air rides on top of 
the remaining mixture. In reality, the interface usually spreads because of diffusion and 
convection. These effects are not modeled because of their complexity. Where a wide 
interface is present, the descending interface is assumed to be the midpoint of a wide 
interface zone. Because of the conservatism built into the procedure, the effects of 
interface spreading can be ignored. If continual mechanical mixing occurs, a 
descending interface might not be formed. (See C.2.7.1.6.) 

C.1.3.10 Door Fan. The device used to pressurize or depressurize an enclosure 
envelope to determine its leakage characteristics. Also called the fan pressurization 
apparatus. 

C.1.3.11 Enclosure. The volume being tested by the door fan. This includes the clean 

agent protected enclosure and any attached volumes. 

C.1.3.12 Enclosure Envelope. The floor, walls, ceiling, or roof that together constitute 

the enclosure. 

C.1.3.13 Enclosure, Protected (V). The volume flooded protected by the clean agent 

extinguishing system. 

C.1.3.14 Fan Pressurization Apparatus. The device used to pressurize or 

depressurize an enclosure envelope to determine its leakage characteristics. Also 
called the door fan. 

C.1.3.15 Floor Slab. The boundary of the enclosure envelope at the lowest elevation. 

C.1.3.16 Pressure Gauge, Flow. The component of the door fan used to measure the 

pressure difference across the blowerfan to give a value used in calculating the flow into 
or out of the enclosure envelope. 

C.1.3.17 Pressure Gauge, Room. The component of the door fan used to measure the 

pressure differential across the enclosure envelope. 

C.1.3.18 Protected Flooded Height, Maximum (H0). The design height of the clean 

agent column from the floor slabat the end of the discharge from the floor slab to the 
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highest intentionally flooded point in the enclosure. This does not include the height of 
unprotected ceiling spaces. 

C.1.3.19 Protected Height, Minimum (H). The minimum acceptable height from the 

floor slab to which the descending interface is allowed to fall during the retention time, 
as specified by the authority having jurisdiction. 

C.1.3.20 Return Path. The path outside the enclosure envelope that allows air to travel 

to/from the leak to/from the door fan. 

C.1.3.21 StaticBias Pressure Difference. The pressure differential across the 

enclosure envelope not caused by the discharge process or by the weight of the clean 
agent. A positive staticbias pressure difference indicates that the pressure inside the 
enclosure is greater than on the outside, that is, smoke would leave the enclosure at the 
enclosure boundary. 

C.2 Test Procedure. 

C.2.1 Preliminary Preparations. The individual(s) responsible for the protected 

enclosure should be contacted and the following preliminary steps should be taken:  

(1) Provide a description of the test 

(2) Advise the responsible individuals on time required for the test 

(3) Determine the staff needed (to control traffic flow, set HVAC, and so forth) 

(4) Determine the equipment required (for example, ladders) 

(5) Obtain a description of the HVAC system 

(6) Establish the existence of a false ceiling space and the size of ceiling tiles 

(7) Visually determine the readiness of the room with respect to the completion of 
obvious sealing 

(8) Determine if conflict with other building trades will occur 

(9) Determine the size of doorways 

(10) Determine the existence of adequate return path area outside the enclosure 
envelope used to accept or supply the door fan air 

(11) Evaluate other conflicting activities in and around space (for example, interruption 
to the facility being tested) 

(12) Obtain appropriate architectural HVAC and halon system design documents  

C.2.2 Equipment Required. The following equipment is required to test an enclosure 

using fan pressurization technology. 

C.2.2.1 Door Fan System. 

C.2.2.1.1 The door fan(s) should have a total air flow capacity capable of producing a 

pressure difference at least equal to the predicted column pressure or 0.2 psi (10 Pa), 
whichever is greater. 
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C.2.2.1.2 The fan should have a variable speed control or a control damper in series 

with the fan. 

C.2.2.1.3 The fan should be calibrated in air flow units or be connected to an airflow 

metering system. 

C.2.2.1.4 The accuracy of air flow measurement should be ±5 percent of the measured 

flow rate. 

C.2.2.1.5 The room pressure gauge should be capable of measuring pressure 

differences from 0 psi (0 Pa) to at least 0.73 psi (50 Pa). It should have an accuracy of ± 
1 Pa and divisions of 0.03 psi (12 Pa) or less. Inclined oil-filled manometers are 
considered to be traceable to a primary standard and need not be calibrated. All other 
pressure-measurement apparatus (for example, electronic transducer or magnehelic) 
should be calibrated at least yearly. 

C.2.2.1.6 Door fan systems should be checked for calibration every 5 years under 

controlled conditions, and a certificate should be available for inspection at all integrity 
tests. The calibration should be performed according to manufacturer’s specifications. 

The certificate should include the following:  

(1) Description of calibration facility and responsible technician 

(2) Date of calibration and serial number of door fan 

(3) Room pressure gauge error estimates at 0.1 psi (8 Pa), 0.15 psi (10 Pa), 0.13 psi 
(12 Pa), 0.22 psi (15 Pa), 0.29 psi (20 Pa), and 0.6 psi (540 Pa) Pa measured 
by both ascending and descending pressures (minimum) 

(4) Fan calibration at a minimum of three leakage areas (approximate): 5.4 ft2 (0.5 m2), 
2.7 ft2 (0.25 m2), and 0.54 ft2 (0.05 m2) 0.54 ft2 (0.5 m2), 2.7 ft2 (0.25 m2), and 
0.54 ft2 (0.05 m2) measured at a pressure of 0.15 psi (10 Pa).  

C.2.2.1.7 A second blowerfan or multiple blowerfans with flex duct and panel to flow to 

above-ceiling spaces is optional. 

C.2.2.2 Accessories. The following equipment is also useful:  

(1) Smoke pencil, fully charged  
CAUTION:Use of chemically generated smoke as a means of leak detection 
can result in activation of building or clean agent system smoke detectors. 
Appropriate precautions should be taken. Due to the corrosive nature of the 
smoke, it should be used sparingly. 

(2) Bright light source 

(3) Floor tile lifter 

(4) Measuring tape 

(5) Masking or duct tape 

(6) Test forms 



2001/LCP9/legtext/R 

(7) Multi-tip screwdrivers 

(8) Shop knife or utility knife 

(9) Several sheets of thin plastic and cardboard 

(10) Door stops 

(11) Signs to post on doors that say ―DO NOT SHUT DOOR — FAN TEST IN 
PROGRESS‖ or ―DO NOT OPEN DOOR — FAN TEST IN PROGRESS‖ 

(12)  Thermometer  

C.2.2.3 Field Calibration Check. 

C.2.2.3.1 This procedure enables the authority having jurisdiction to obtain an indication 

of the door fan and system calibration accuracy upon request. 

C.2.2.3.2 The field calibration check should be done in a separate enclosure. Seal off 

any HVAC registers and grilles if present. Install the door fan per manufacturer’s 
instructions and C.2.4. Determine if a staticbias pressure exists using C.2.5.2. Check 
openings across the enclosure envelope for air flow with chemical smoke. If any 
appreciable flow or pressure exists, choose another room or eliminate the source. 

C.2.2.3.3 Install a piece of rigid material less than  1/8 in. (3 mm) thickness (free of 

any penetrations) in an unused blowerfan port or other convenient enclosure opening 
large enough to accept an approximately 155 in.2 (0.1 m2) sharp-edged round or square 
opening. 

C.2.2.3.4 Ensure that the door fan flow measurement system is turned to properly 

measure pressurization or depressurization and operate the blowerfan to achieve a 
convenient pressure differential, preferably 0.15 psi (10 Pa). 

C.2.2.3.5 At the pressure achieved, measure the flow and calibrate calculate an initial 

ELAEqLA value using C.2.6.3. Repeat the ELAEqLA measurement under positive 
pressure and average the two results. 

C.2.2.3.6 Create a sharp-edged round or square opening in the rigid material. The area 

of this opening should be at least 33 percent of the initial ELAEqLA measured. Typical 
opening sizes are approximately 77.5 in. 2, 155 in. 2, and 310 in. 2 ( 0.05 m2, 0.1 m2, and 
0.2 m2 ), depending on the initial leakage of the enclosure. Adjust the blowerfan to the 
previously used positive or negative pressure differential. Measure the flows and 
calculate an average ELAEqLA value using C.2.6.3C.2.7.2. 

C.2.2.3.7 Field calibration is acceptable if the difference between the first and second 

ELAEqLA value is within +15 percent of the hole area cut in the rigid material. If the 
difference in ELAEqLA values is greater than +15 percent, the door fan apparatus 
should be recalibrated according to the manufacturer’s recommendations and either 
ASTM E 779, ASTM E 1258 or CAN/CGSB-149.10-M86. 

C.2.3 Initial Enclosure Evaluation. 

C.2.3.1 Inspection. 
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C.2.3.1.1 Note the areas outside the enclosure envelope that will be used to supply or 

accept the door fan air. 

C.2.3.1.2 Inspect all openable doors, hatches, and movable partitions for their ability to 

remain shut during the test. 

C.2.3.1.3 Obtain or generate a sketch of the floor plan showing walls, doorways, and 

the rooms connected to the test space. Number or name each doorway. 

C.2.3.1.4 Look for large attached volumes open to the test space via the floor or walls of 

the test space. Note volumes and apparent open connecting areas. 

C.2.3.1.5 Check floor drains and sink drains for traps with liquid. 

C.2.3.2 Measurement of Enclosure. 

C.2.3.2.1 Measure the clean agent protected enclosure volume. Record all dimensions. 

Deduct the volume of large solid objects to obtain the net volume. 

C.2.3.2.2 Measure the maximum flooded height. highest point in the clean agent 

protected enclosure. 

C.2.3.2.3 Calculate the effective floor area by dividing the net clean agent protected 

volume by the maximum clean agent protected enclosure height. 

C.2.3.3 Preparation. 

C.2.3.3.1 Advise supervisory personnel in the area about the details of the test. 

C.2.3.3.2 Remove papers and objects likely to be affected by the air currents from the 

discharge of the door fan. 

C.2.3.3.3 Secure all doorways and openings as for a clean agent discharge. Post 

personnel to ensure they stay shut/open. Open doorways inside the protected enclosure 
even though they could be closed upon discharge. 

C.2.3.3.4 Get the user’s personnel and/or the clean agent contractor to set up the room 
in the same state as when a discharge would occur, that is, HVAC shut down, dampers 

closed, and so forth. Confirm that all dampers and closable openings are in the 
discharge-mode position. 

C.2.4 Door Fan Installation. 

C.2.4.1 The door fan apparatus generally consists of a single door fan. A double or 

multiple door fan for larger spaces or for neutralizing leakage through a suspended 
ceiling can be used for certain applications. 

C.2.4.2 Set up one blowerfan unit in the most convenient doorway leading into the 

space. Choose the doorway that opens into the largest return path area. Consideration 
should be given to individuals requiring access into or out of the facility. 

C.2.4.3 Follow the manufacturer’s instructions regarding setup. 

C.2.4.4 Examine the sealing around the door (before door fan installation) that the door 

fan will be mounted in to determine if significant leakage exists. If significant leaks are 
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found, they should be corrected. If the manufacturer’s stated door fan sealing system 
leakage is less than the apparent remaining leakage of the doorway, the difference 
must be added to the leakage calculated. in C.2.6 (see C.2.6.3.4). 

C.2.4.5 Ensure that all pressure gauges are leveled and zeroed prior to connecting 

them to the fan apparatus. Unless the gauge has a auto-zero function that is turned on, 
tThis should be done by first gently blowing into or drawing from the tubes leading to the 
pressure gauges so the needle, fluid or readout moves through its entire span and stays 
at the maximum gauge reading for 10 seconds. This confirms proper gauge operation. If 
using a magnehelic gauge, gently tap the gauge face for 10 seconds. With both ports of 
each gauge on the same side of the doorway (using tubes if necessary), zero the 
gauges with their particular adjusting method. 

C.2.4.6 Connect the tubing for the room pressure gauge. Ensure the tube is at the floor 

slab elevation and extends at least 10 ft (3 m) away from the outlet side of the door fan 
blower, away from its air stream path, and away from all significant air streams (that is, 
HVAC air flows or openings where air flow could impinge on the tube). 

C.2.4.7 The door fan should be arranged to alternately blow out of (depressurize) and 

blow into (pressurize) the space. Both measurements should be taken as described in 
C.2.6. 

C.2.5 Door Fan Enclosure Evaluation. 

C.2.5.1 Pressure Run-up Inspection. 

C.2.5.1.1 Activate the blowerfan and adjust the enclosure pressure to of +-15 Pa (-218 

psi) so that smoke used for air current detection moves out of the enclosure. or 
maximum negative achievable [up to 15 Pa (218 psi)]. 

C.2.5.1.2 Inspect all dampers with smoke to ensure they are closing properly. Record 

problems and notify individuals responsible for the enclosure of the problems. 

C.2.5.1.3 Inspect doors and hatches to ensure correct closure. Record problems and 

notify individuals responsible for the enclosure of the problems. 

C.2.5.1.4 Inspect the wall perimeter (above and below the false floor) and the floor slab 

for major leaks. Note location and size of major leaks. Track down major air flow 
currents. 

C.2.5.2 StaticBias Pressure Measurement. 

C.2.5.2.1 Bias pressures are the background pressures that exist in the enclosure when 

the fan is stopped and sealed. Bias pressure must be measured or estimated for two 
different conditions. The first condition (which can always be measured) is the bias 
pressure present during the actual enclosure integrity test. This is called Pbt . The 
second condition (which may need to be estimated) is the bias pressure expected after 
discharge, during the hold time. This is called Pbh. To measure bias pressure, sSeal the 

blowerfan opening with the door fan properly installed, but without the blowerfan 
operating. Observe the room pressure gauge for at least 30 seconds. Look for minor 
fluctuations in pressure. Determine the flow direction with smoke or other indicating 
method. 
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C.2.5.2.2 With the room set up as it would be under hold time conditions, measure the 
bias pressure Pbh Under discharge conditions, measure the worst-case (greatest) 
pressure differential (PSH) across a section of envelope containing the largest quantity of 
leaks expected to leak clean agent. If the subfloor is pressurized during the hold time at 
discharge, measure the differential between the subfloor and outside the envelope. If 
the room cannot be set up as would be under discharge conditions, Pbh will need to be 
estimated. Call this value PSH (for static at discharge). Determine the flow direction with 

smoke or other indicating method. 

C.2.5.2.3 With the room set up for the room integrity test, measure the bias pressure Pbt. 
If Pbt If the static pressure (PST) has an absolute value greater than 25 percent of the 
column pressure calculated in C.2.6.1.43, it must be permanently reduced. Large 
staticbias pressures decrease the level of certainty inherent in this procedure. The most 
common causes of excessive staticbias pressure are leaky dampers, ducts, and failure 
to shut down air-handling equipment serving the enclosure. 

C.2.5.2.4 Record the position of all doorways, whether open or shut, when the staticbias 
pressure (PbhPST) is measured. 

C.2.6 Door Fan Measurement. 

C.2.6.1 Total Enclosure Leakage Method. 

C.2.6.1.1 This method determines the leakage of the entire enclosure envelope. It is 
determined by measuring the enclosure leakage under both positive and negative 

pressures and averaging the absolute values of the readings. This approach is used in 
order to minimize the influence of staticbias pressures on the leakage calculation. 

C.2.6.1.2 The procedures for determining the leakage of the entire enclosure envelope 

are as follows:  

(1) Block open all doorways around the enclosure and post personnel to ensure they 
stay open. 

(2) Ensure adequate return path area is provided to allow an unrestricted return air 
flow path back to the door fan from enclosure leaks. 

(3) Remove 1 percent of the floor tiles (for false floors) if an equivalent area is not 
already open. 

(4) If agent is designed to discharge above the false ceiling, remove 1 percent of the 
ceiling tiles. 

(5) Re-measure the staticbias pressure Pbt (PST) at the time of the door fan test, 
between the room (not below the false floor) and the return path space. 

(6) Make every effort to reduce the staticbias pressure (Pbt) by shutting down air-
handling equipment even though it can operate during discharge. Pbt must be 
within a range of plus or minus 5 Pa. where Pbt equals the bias pressure 
measured at the time of the test. 

(7) Record Pbt PST and determine its direction using smoke or other means. 
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(8) Record the position of each doorway, open/shut. 

(9) If the staticbias pressure fluctuates due to wind, use a wind-damping system 
incorporating four averaging tubes on each side of the building or electronic 
averaging to eliminate its effects. CAN/CGSB-149.10-M86 can be used. 

(10) If a subfloor pressurization air handler cannot be shut down for the test and leaks 
exist in the subfloor, these leaks cannot be accurately measured. Every attempt 
should be made to reduce subfloor leaks to insignificance. During the test, as 
many floor tiles as possible should be lifted to reduce the amount of subfloor 
pressurization. Note that under such conditions the suspended ceiling leakage 
neutralization method will be difficult to conduct due to massive air turbulence in 
the room. 

CAUTION: The removal of raised floor tiles creates a serious safety 

hazard. Appropriate precautions should be taken. 

(11) If relief dampers are present, they should be blocked shut so they do not open 
during the door fan test. (At the completion of the test, the dampers must be 
unblocked.)  

CAUTION: The removal of raised floor tiles creates a serious safety 

hazard. Appropriate precautions should be taken. 

C.2.6.1.3 Calculate the column pressure in the clean agent protected enclosure using 
the following equation: Agent Mixture Density. Calculate the density of the agent–air 

mixture ( mi) using the following equation:  

***Insert Equation E2001-42 Here*** (C.1) 

ρe values are shown in table C.2 below. 

Table C.2 Agent Vapor Densities at 21°C (ρe) 

Agent kg/m3 lb/ft3 

FK-5-1-12 13.86 0.865 

HCFC Blend A 3.85 0.240 

HCFC 124 5.81 0.363 

HFC-125 5.02 0.313 

HFC-227ea 7.26 0.453 

HFC-23 2.92 0.183 

HFC-236fa 6.52 0.407 

CF3I 8.01 0.500 

HCFC Blend B 4.22 0.263 

Formatted: Indent: Left:  0.6"

Formatted: Font: Arial, 12 pt, Font color: Text
1, Not Highlight

Formatted: Font: Arial, 12 pt, Font color: Text
1, Not Highlight

Formatted: Font: Arial, 12 pt, Font color: Text
1, Not Highlight

Formatted: Font: Arial, 12 pt, Font color: Text
1, Not Highlight

Formatted: Font: Arial, 12 pt, Font color: Text
1, Not Highlight

Formatted: Space Before:  12 pt



2001/LCP9/E2001-42/R 

 

 

C.1 



2001/LCP9/legtext/R 

IG-01 1.66 0.104 

IG-100 1.16 0.072 

IG-541 1.41 0.088 

IG-55 1.41 0.088 

(C.2.6.1.43) Calculate the initial column pressure caused by the clean agent 
mixture in the protected enclousure using the following equation: 

***Insert Equation E2001-43 Here***(C.2) 

where: 

Pmi = initial pressure due to the column (Pa) 

gn = acceleration due to gravity (9.81 m/sec2) 

Ho = height of protected enclosure (m) 

mi = initial clean agent–air mixture density (kg/m3), (see Equation C.2.7.1.4) 

a = air density (1.202 kg/m3)  

If the calculated column pressure is less than 10 Pa, use 10 Pa as the column pressure. 

C.2.6.1.54 Depressurize the enclosure with a door fan blowerfan(s) until the measured 
pressure differential reading on the gauge (P1d) is -10 Pa, where P1d is the actual test 
pressure in Pa for the number one test point in the depressurization direction. If the 
static pressure (PST) was +1 Pa, and the calculated column pressure is 10 Pa, blow air 
out of the room until a Pm of +9 Pa is obtained. If using magnehelic analog gauges, tap 
both the room pressure and flow pressure gauges for 10 seconds each. Wait an 
additional further 30 seconds before taking the readings. Record pressure P1d.  

C.2.6.1.65 Measure the air flow Q1ld in m3/sec required to obtain -10 Pa, where Qld. is 
the measured flow in m3/sec at P1d. 

C.2.6.1.76 Repeat C.2.6.1.54 and C.2.6.1.65 at a pressure of -50 Pa (or higher), record 
(P2d) and measure the flow (Q2d.), where P2d is the actual test pressure in Pa for the 
number two test point in the depressurization direction and Q2d is the measured flow in 
m3/sec at P2d. To reduce extrapolation errors, the ratio of P2d: P1d must be at least 5:1 or 
more. The ratio of P1d:Pc must be 5:1 or less. The ratio of the maximum peak pressure 
Pp/2: P2d must be 5:1 or more. P2d can be higher than 50 Pa. 

If the door fan is not capable of achieving a higher test pressure, P2, of 50 Pa, then the 
test can be performed at 10 Pa only. In this case the exponent, n, must be set at 0.5 
and can result in much more conservative retention times and venting areas.  

C.2.6.1.87 Repeat the procedure in C.2.6.1.54 through C.2.6.1.76 while pressurizing the 
enclosure to +10 Pa (P1lp) and +50 Pa (P2lp). and mMeasure the air flows. (Qlp and Qlp), 

where Plp is the actual test pressure in Pa for the number one test point in the 
pressurization direction, P2p is the actual test pressure in Pa for the number two test 
point in the pressurization direction, Qlp is the measured flow in m3/sec at P1p and Q2p is 
the measured flow in m3/sec at P2p. Each pressure must be within 5 percent of the 
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corresponding depressurization pressure. 

C.2.6.1.98 Ensure that the door fan flow measurement system is actually turned around 

between tests to properly measure pressurization or depressurization and that the 
motor rotation is not simply reversed. Ensure that the air flow entering the room is not 
deflected upward, which can cause lifting of any existing ceiling tiles. 

C.2.6.1.9 Measure the air temperature within the enclosure (TI) and outside the 
enclosure (TO). 

C.2.6.2 Suspended Ceiling Leakage Neutralization Method (Optional). 

C.2.6.2.1 Where an unobstructed suspended ceiling exists, the leakage area below the 

ceiling can optionally be measured by neutralizing ceiling leaks. This method provides a 
more accurate estimate of leakage ratesretention time. This method should not be used 
if the walls between rooms within the zone are sealed at the ceiling slab. This method 
cannot be used when the system is designed to protect the area above this suspended 
ceiling. This test method does not imply that leakage above the suspended ceiling is 
acceptable. This technique can be difficult or impossible to perform under the following 
conditions:  

(1) Air movement within the room could make it difficult to observe neutralization, 
particularly in small rooms. 

(2) Obstructions above the suspended ceiling, that is, beams, ducts, and partitions, 
could make it difficult to obtain uniform neutralization. 

(3) Limited clearance above the suspended ceiling, for example, less than 1 ft (0.3 m), 
could make it difficult to obtain neutralization.  

C.2.6.2.2 If not already done, obtain the leakage of the protected enclosure using the 

total enclosure leakage method in C.2.6.1. 

C.2.6.2.3 Ceiling level supply registers and return grilles can be temporarily sealed off to 
increase the accuracy of this method. If such openings are sealed, Pbt PST should be re-
measured. 

Temporary sealing of such openings is not permitted when conducting a total enclosure 
leakage test. 

C.2.6.2.4 Install two separate door fans or a multiple blowerfan systemdoor fan with one 

blowerfan ducted to the above suspended ceiling space and the other ducted into the 
room space below the suspended ceiling. It is not necessary to measure air flow 
through the upper fan. 

C.2.6.2.5 Depressurize above and below the suspended ceiling by adjusting two 

separate blowerfans until the required pressure reduction and suspended ceiling leak 
neutralization (that is, no air flow through the suspended ceiling) is achieved. 

Leaks are neutralized when, at opened locations in the suspended ceiling, smoke does 
not move up or down when emitted within ¼ in. (6 mm) of the openings. If neutralization 
is not possible at all locations, ensure that smoke either does not move, or moves down 
but not up. Choose undisturbed locations away from flex duct flows, airstreams, and 
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lighting fixtures, because local air velocities make neutralization difficult to detect. 

C.2.6.2.6 Measure the air flow (Q1d2p and Q2d1p) through the fan that is depressurizing 
the volume below the false ceiling to obtain the pressure (P1ld and P2d). 

C.2.6.2.7 Repeat the procedure in C.2.6.2.65 and C.2.6.2.76 while pressurizing the 

enclosure, except ensure that either smoke does not move or moves up but not down. 

C.2.6.2.8 An alternate method for measuring the below-ceiling leaks consists of 

temporarily sealing identifiable ceiling level leaks using a flexible membrane, such as 
polyethylene sheet and tape, and then measuring the below-ceiling leakage solely using 
door fans drawing from the lower part of the room. No flex duct is needed. Examples of 
sealable leaks are undampered ceiling level supply registers or return grilles or an entire 
suspended ceiling lower surface. 

C.2.6.3 Leakage Calculation. 

C.2.6.3.1 Subsection C.2.6.3 outlines the door fan calculation to be used in conjunction 

with C.2.6.1 and C.2.6.2. 

C.2.6.3.2 The air flow should be corrected for temperature if the difference between the 

temperature of the air being blown through the door fan and the temperature of the air 
going into or out of the leaks during the door fan test exceeds 18°F (10°C). If this 
condition exists, correct the flow as follows:  

(C.2.6.3.2) ***Insert Equation E2001-59 Here*** 

where: 

Qc = corrected flow (m3/sec) 

Qu = uncorrected flow (m3/sec) 

TL = temperature of air going through room leaks (°C) 

TF = temperature of air going through door fan (°C)  

When depressurizing: 

TL = TO 

TF = TI 

When pressurizing: 

TL = TI 

TF = TO 

C.2.6.3.3 For Equation C.2.6.3.2, corrections for barometric pressure are not necessary 

because they cancel out, and corrections for humidity are too small to be of concern. No 
other corrections apply. If Equation C.2.6.3.2 is not used, then:  

(C.2.6.3.3) Qc = Qu  

C.2.6.3.24  

Correct the recorded pressures for bias pressure during the test (Pbt) and then average 
the magnitude of each pressure measurement to get the average pressures P1 and P2 
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using the equation C.3 and C.4. Average the flows at each pressure measurement to 

get the average flows Q1 and Q2 using equation C.5 and C.6.. 

 

***Insert Equation E2001-44 Here*** (C.3)  

***Insert Equation E2001-45 Here*** (C.4)  

***Insert Equation E2001-46 Here*** (C.5)  

***Insert Equation E2001-47 Here*** (C.6)  

***Insert Equation E2001-44 Here******Insert Equation E2001-44 Here******Insert 
Equation E2001-44 Here******Insert Equation E2001-44 Here***Average absolute 
values of pressures at P1d and P1p to get P1. 

Average flow rates at Q1d and Q1p to get Q1. 

Average absolute values of pressures at P2d and P2p to get P2. 

Average flow rates at Q2d and Q2p to get Q2. 

Now the averaged flow rates Q1 at P1 and Q2 at P2 are curve fit as follows: 

P1is the uncorrected pressure difference across the enclosure in units of Pa for the 
lower (number one) test points. 

P2is for the upper (number two) test points. 

k1 is the constant used in the retention time formula for leaks in both directions. 

It is the curve fit constant that defines flow in the enclosure at any pressure, P such that 

flow in m3/sec = k1  Pn  

n is the average exponent for the leakage characteristic in both directions. It is the curve 
fit exponent that defines flow in the enclosure such that flow in m3/sec = k1 × Pn 

 (Also see Equation C.2.6.3.4) 

Determine the flow exponent using the equation: 

n = {[ln(Q1÷Q2 )]÷[ln( P1÷ P2)]} 

where Q1 refers to the flow rate at P1 (corresponding to the 50 Pa reading) and Q2 
refers to the flow rate at P2 (corresponding to the 10 Pa reading). 

n must be limited to range of 0.5 to 1.0. 

Determine the flow constant, k1 using the equation: 

k1 = Q1 ÷ P1
n 

(C.2.6.3.4) ***Insert Equation E2001-60 Here*** 

The final value for A is determined by averaging the areas obtained under both a 

positive and negative pressure. 
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C.2.6.3.35  

Calculate the flow constant k1 and the flow exponent n using the following equations: 
***Insert Equation E2001-48 Here***(C.7)  
***Insert Equation E2001-49 Here***(C.8)  

such that  
***Insert Equation E2001-50 Here*** ***Insert Equation E2001-51 Here*** ***Insert 
Equation E2001-50 Here***  
 n is typically in the range of 0.48 to 0.85. 

Equation C.2.6.3.4 should be used for both the total enclosure leakage method (see 
C.2.6.1) and the optional suspended ceiling leakage neutralization method (see 
C.2.6.2). 

C.2.6.3.4  

Equations C.3 through C.8 should be used for both the total enclosure leakage method 
(see C.2.6.1) and the optional suspended ceiling leakage neutralization method (see 
C.2.6.2). 

C.2.7 Retention Calculation. 

C.2.7.1 Calculation. 

C.2.7.1.1 Calculate the intermediate calculation variable correlation constant k2 using 

the following equation:  

(C.92.7.1.1) ***Insert Equation E2001-52 Here*** 

where: 

k2 = an intermediate calculation variable 

C.2.7.1.2  

Leak Fraction for Total Leakage Method If the leakage is measured using only 

C.2.6.1, the worst case leakage distribution must be assumed and the lower leak 
fraction, F = 0.5. 
F = 0.5 (C.10) 

Lower Leakage. If the leakage is measured using only C.2.6.1, total enclosure leakage method, 

then Equation C.2.7.1.2 should be used to calculate the lower leakage. If the below-ceiling 

leakage is measured using C.2.6.2, suspended ceiling leakage neutralization method, then k1 

applies instead. This equations is as follows:  

(C.2.7.1.2) ***Insert Equation E2001-61 Here ***  

C.2.7.1.3 Leak Fraction for Lower Leakage Method. If a lower leaks test is performed 

and the lower leakage is measured then the lower leak fraction (F) is determined using 
the following equation:  

***Insert Equation E2001-53 Here*** (C.11) 

Leak Fraction. Determine the lower leak fraction (FA) using the following equation:  

(C.2.7.1.3a) ***Insert Equation E2001-62 Here*** 
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Where the lower leaks are measured using C.2.6.2, use the following equation: 

(C.2.7.1.3b) ***Insert Equation E2001-63 Here*** 

where: 

nl = the flow exponent n, for the lower leaks, as measured in C.2.6.3.5 

nt = the flow exponent n, for the total leaks 

C.2.7.1.4 Agent Mixture Density. Calculate the density of the agent–air mixture (rm) 

using the following equation:  

(C.2.7.1.4) ***Insert Equation E2001-64 Here*** 

where: 

rm = clean agent/air mixture density (kg/m3) 

r = air density (1.202 kg/m3) 

C = clean agent concentration (% by volume) 

Vd = agent vapor density at 21°C (kg/m3)  

FIC-13I1: 8.051 kg/m3 (0.503 lb/ft3) 

FK-5-1-12: 13.66 kg/m3 (0.865 lb/ft3) 

HCFC Blend A: 3.84 kg/m3 (0.240 lb/ft3) 

HFC-124: 5.83 kg/m3 (0.364 lb/ft3) 

HFC-125: 5.06 kg/m3 (0.316 lb/ft3) 

HFC-227ea: 7.26 kg/m3 (0.453 lb/ft3) 

HFC-23: 2.915 kg/m3 (0.182 lb/ft3) 

IG-01: 1.70 kg/m3 (0.106 lb/ft3) 

IG-541: 1.41 kg/m3 (0.088 lb/ft3) 

IG-55: 1.41 kg/m3 (0.088 lb/ft3) 

C.2.7.1.5 Static Pressure. Determine the correct value for PbH to be used in Equation 
C.2.7.1.7a, where PbH is the bias pressure during the hold time. If the PbH recorded is 
negative, let it equal the absolute value of PbH and if it is positive, use the recorded 

value. 

C.2.7.1.46 Minimum Height. Determine from the authority having jurisdiction the 
minimum height from the floor slab (H) that is not to be affected by the descending 
interface during the holding period. 

C.2.7.1.57 Time.  

For extinguishants that are heavier than air, determine if a descending interface will 
form during the hold time, or if continual mixing will occur.  

If a descending interface will form, use equations C.12, C.13, and C.14 to calculate the 
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minimum time (t) that the enclosure is expected to maintain the descending interface 
above (H). 

If continual mixing is expected to occur use equation C.15 to determine the time (t) it will 
take for the concentration to drop from Ci to Cmin 

In all cases, if the extinguishant density is lighter than air, then continual mixing is 
assumed to occur and equation C.15 should be used to calculate the retention 
time.Calculate the minimum time (t) that the enclosure is expected to maintain the 
descending interface above (H), using the following equations: 

Calculate the simplifying constant k3 using the equation:  

***Insert Equation E2001-54 Here***(C.12) 

Calculate the simplifying constant k4 using the equation:  

***Insert Equation E2001-55 Here*** (C.13) 

Calculate the simplifying constant k3 using the equations: For extinguishants heavier 

than air ( a< e) 

(C.2.7.1.7a) ***Insert Equation E2001-65 Here***  

For extinguishants lighter than air ( a> e) F=0.5 

(C.2.7.1.7b) ***Insert Equation E2001-66 Here*** 

Calculate the simplifying constant k4 using the equations: For exinguishants heavier 

than air ( a< e) 

(C.2.7.1.7c) ***Insert Equation E2001-67 Here*** 

For extinguishants lighter than air ( a> e) F=0.5 

(C.2.7.1.7d) ***Insert Equation E2001-68 Here*** 

***Insert Equation E2001-56 Here*** (C.14) 

For exinguishants heavier than air ( a< e) 

(C.2.7.1.7e) ***Insert Equation E2001-69 Here*** 

For extinguishants lighter than air ( a> e) 

(C.2.7.1.7f) ***Insert Equation E2001-70 Here*** 

where: 

t = time (seconds) 

k3 = constant for equation simplification 

k4 = constant for equation simplification 

g = acceleration due to gravity (9.81 m/sec2) 

PSH = static pressure during discharge (Pa) (= Pbh in equations) 

H0 = height of the protected enclosure (m) 

He = height of interface from floor (m). (―Protected Height, Minimum‖ per C.1.3.19 
and C.1.2.3.5) 
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For exinguishants heavier than air ( a< e) 

(C.2.7.1.7g) ***Insert Equation E2001-71 Here*** 

For extinguishants lighter than air ( a> e) 

(C.2.7.1.7h) ***Insert Equation E2001-72 Here*** 

For continual mixing, use the following equations: 

For enclosures with continuous mixing, calculate the predicted hold time (t) for the 
agent concentration in the enclosure to fall from the initial concentration (ci) to the 

concentration (cmin) using the equation: 

***Insert Equation E2001-57 Here*** 
***Insert Equation E2001-73 Here*** 

(C.15) 
Calculate ρmf using equation C.1 substituting Cmin for Ci. 

 

For extinguishants lighter than air, F=0.5 

For extinguishants heavier than air ( a< e) 

(C.2.7.1.7i) ***Insert Equation E2001-74 Here*** 

For extinguishants lighter than air ( a> e) 

(C.2.7.1.7j) ***Insert Equation E2001-75 Here*** 

where: 

mi = initial clean agent–air mixture density (kg/m3)at the initial concentration 

mf = final clean agent–air mixture density (kg/m3) at the minimum concentration 

Solve the equation by a method of approximation, for example by using Simpson's Rule 
using an even number (not less than 20) of intervals. 

C.2.7.2  

Leakage area for visualization or relief vent calculation is found by the following 
equation: 

***Insert Equation E2001-58 Here***(C.16) 

This leakage area is commonly referred to as the equivalent leakage area (EqLA) and is 
equivalent to the area of a hole in a thin flat plate with a discharge coefficient of 0.61 at 
the pressure of interest, Pref. 

Leakage area for visualization or relief vent calculation is found by the following 
equation: 

(C.2.7.2) ***Insert Equation E2001-76 Here*** 

Where the leakage area is in m2. 

P is the pressure of interest. 

n and k1 are from C2.6.3.5. 
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Note: This leakage area is commonly referred to as the equivalent leakage area (ELA) 
and is equivalent to the flow that would be achieved through a thin flat plate with a 
discharge coefficient of 0.61 at the pressure, P. 

C.2.7.3 Acceptance Criteria. The time (t) that was calculated in C.2.7.1.57 must equal 

or exceed the holding time period specified by the authority having jurisdiction. 

C.2.8 Leakage Control. 

C.2.8.1 Leakage Identification. 

C.2.8.1.1 While the enclosure envelope is being pressurized or depressurized, a smoke 

pencil or other smoke source should be used to locate and identify leaks. 

The smoke should not be produced by an open flame or any other source that is a 
potential source of fire ignition. Chemical smoke should be used only in small quantities, 
and consideration should be given to the corrosive nature of certain chemical smokes 
and their effects on the facility being tested. 

C.2.8.1.2 Leakage identification should focus on obvious points of leakage, including 

wall to floor slab joint, wall to ceiling slab joint, penetrations of all kinds, HVAC ductwork, 
doors, and windows. 

C.2.8.1.3 Alternate methods for leakage identification are available and should be 

considered. One method is the use of a directional acoustic sensor that can be 
selectively aimed at different sound sources. Highly sensitive acoustic sensors are 
available that can detect air as it flows through an opening. Openings can be effectively 
detected by placing an acoustic source on the other side of the barrier and searching for 
acoustic transmission independent of fan pressurization or depressurization. Another 
alternative is to use an infrared scanning device if temperature differences across the 
boundary are sufficient. 

C.2.8.2 Leakage Alteration. 

C.2.8.2.1 Procedure. 

C.2.8.2.1.1 Protected areas should be enclosed with wall partitions that extend from the 

floor slab to ceiling slab or floor slab to roof. 

C.2.8.2.1.2 If a raised floor continues out of the protected area into adjoining rooms, 

partitions should be installed under the floor directly under above-floor border partitions. 
These partitions should be caulked top and bottom. If the adjoining rooms share the 
same under-floor air handlers, then the partitions should have dampers installed in the 
same manner as is required for ductwork. 

C.2.8.2.1.3 Any holes, cracks, or penetrations leading into or out of the protected area 

should be sealed. This includes pipe chases and wire troughs. All walls should be 
caulked around the inside perimeter of the room where the walls rest on the floor slab 
and where the walls intersect with the ceiling slab or roof above. 

C.2.8.2.1.4 Porous block walls should be sealed slab-to-slab to prevent gas from 

passing through the block. Multiple coats of paint could be required. 
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C.2.8.2.1.5 All doors should have door sweeps or drop seals on the bottoms, and 

weather stripping around the jambs, latching mechanisms, and door closer hardware. In 
addition, double doors should have a weather-stripped astragal to prevent leakage 
between doors and a coordinator to ensure proper sequence of closure. 

C.2.8.2.1.6 Windows should have solid weather stripping around all joints. 

C.2.8.2.1.7 All unused and out-of-service ductwork leading into or from a protected area 

should be permanently sealed off (airtight) with metal plates caulked and screwed in 
place. Ductwork still in service with the building air-handling unit should have butterfly 
blade–type dampers installed with neoprene seals. Dampers should be spring-loaded or 
motor-operated to provide 100 percent air shutoff. Alterations to air conditioning, 
heating, ventilating ductwork, and relatedrelated equipment should be in accordance 
with NFPA 90A or NFPA 90B, as applicable. 

C.2.8.2.1.8 All floor drains should have traps, and the traps should be designed to have 

water or other compatible liquid in them at all times. 

C.2.8.2.2 Materials. 

C.2.8.2.2.1 All materials used in altering leaks on enclosure envelope boundaries, 

including walls, floors, partitions, finish, acoustical treatment, raised floors, suspended 
ceilings, and other construction, should have a flame spread rating that is compatible 
with the flame spread requirements of the enclosure. 

C.2.8.2.2.2 Exposed cellular plastics should not be used for altering leakage unless 

considered acceptable by the authority having jurisdiction. 

C.2.8.2.2.3 Cable openings or other penetrations into the enclosure envelope should be 

firestopped with material that is compatible with the fire rating of the barrier. 

C.2.9 Test Report. Upon completion of a door fan test, a written test report should be 

prepared for the authority having jurisdiction and made part of the permanent record. 
The test report should include the following:  

(1) Date, time, and location of test 

(2) Names of witnesses to the test 

(3) Room dimensions and volume 

(4) All data generated during test, including computer printouts 

(5) Descriptions of any special techniques utilized by test technician (that is, use of 
optional ceiling neutralization and temporary sealing of suspended ceiling) 

(6) In case of technical judgment, a full explanation and documentation of the 
judgment 

(7) Test equipment make, model, and serial number 

(8) Copy of current calibration certificate of test equipment 

(9) Name and affiliation of testing technician and signature  
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NFPA Annex C Enclosure Integrity Procedure 

This annex is not a part of the requirements of this NFPA document but is included for 
informational purposes only. 

C.1 Procedure Fundamentals. 

Table C.1 below shows the various symbols, quantities and units. 

Table C.1 — Symbols, quantities and units 

Symbol Quantity Unit 

Ci initial concentration of extinguishant in air for 
the enclosure at the beginning of the hold 
time 

% vol. 

Cmin minimum concentration of extinguishant in air 
at height H in the enclosure at the end of the 
hold time — not less than the extinguishing 
concentration 

% vol. 

EqLA equivalent leakage area m2 

F lower leakage fraction, effective equivalent 
leakage area of lower leaks divided by 
effective equivalent leakage area of all leaks 

1 

gn acceleration due to gravity m/s2 

H minimum protected height, which is the 
highest level of combustibles 

m 

Ho Maximum Flooded Height m 

k1 leakage constant of the room where, Q = k
1
 . 

P
n
 

m3/(s.Pan) 

k2 intermediate calculation variable [see 
Equation (C.2.7.1.1)] 

Kgn m3(1-n)/(s.Pan) 

k3 simplifying constant [see Equation 
(C.2.7.1.7a)] 

m/s2 

k4 simplifying constant [see Equation ( 
C.2.7.1.7b)] 

Pa m3/kg 

n leakage exponent where, Q = k
1
 . Pn  1 

nl leakage exponent of the lower leakage of the 
room.  

1 

nt the flow exponent for total leaks 1 

P1 is the average test pressure for the primary Pa 
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test point, usually 10 Pa 

P2 is the average test pressure for the secondary 
test point, usually 50 Pa 

Pa 

P1d is the actual test pressure for the primary test 
point in the depressurization direction. 

Pa 

P2d the actual test pressure for the secondary test 
point in the depressurization direction 

Pa 

P1p the actual test pressure for the primary test 
point in the pressurization direction 

Pa 

P2p the actual test pressure for the secondary test 
point in the pressurization direction 

Pa 

Pbh bias pressure during the hold time Pa 

Pbt bias pressure at the time of the fan test Pa 

Pmi initial extinguishant mixture/air column 
pressure 

Pa 

Pref reference pressure difference for equivalent 
leakage area 

Pa 

Qf measured air flow rate through fan m3/s 

Q1 measured flow at P1d & P1p , m3/s 

Q2 measured flow at P2d & P2p ,  m3/s 

Q1d measured flow at P1d m3/s 

Q2d measured flow at P2d m3/s 

Q1p measured flow at P1p m3/s 

Q2p measured flow at P2p m3/s 

t predicted hold time [see Equations 2.7.1.7] S 

V maximum intentionally flooded enclosure 
volume 

m3 

a air density (1.202kg/m3 at 21°C and 
1.013 bar) 

kg/m3 

e extinguishant density at 21°C and 1.013 bar  kg/m3 

mf extinguishant/air mixture density at the 
concentration Cmin 21°C and 1.013 bar 
atmospheric pressure 

kg/m3 

mi extinguishant/air mixture density at initial 
concentration Ci 21°C, and 1.013 bar 
atmospheric pressure. (see Equation 
C.2.7.1.4) 

kg/m3 
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C.1.1 Scope. 

C.1.1.1 This procedure outlines a method to equate enclosure leakage as determined 
by a door fan test procedure to worst-case clean agent leakage. The calculation method 
provided makes it possible to predict the time it will take for a descending interface to 
fall to a given height or, for the continually mixed cases, the time for the concentration to 
fall to a given percentage concentration. 

C.1.1.2 Enclosure integrity testing is not intended to verify other aspects of clean agent 
system reliability, that is, hardware operability, agent mixing, hydraulic calculations, and 
piping integrity. 

C.1.1.3 This procedure is limited to door fan technology and is not intended to preclude 
alternative technology such as acoustic sensors. 

C.1.1.4 This procedure should not be considered to be an exact model of a discharge 
test. The complexity of this procedure should not obscure the fact that most failures to 
hold concentration are due to leaks in the lower surfaces of the enclosure, but the door 
fan does not differentiate between upper and lower leaks. The door fan provides a 
worst-case leakage estimate that is very useful for enclosures with complex hidden 
leaks, but it will generally require more sealing than is necessary to pass a discharge 
test. 

C.1.2 Limitations and Assumptions. 

C.1.2.1 Clean Agent System Enclosure. The following should be considered 
regarding the clean agent system and the enclosure:  

(1) Clean Agent System Design. This test procedure concerns only total flooding fire 
suppression systems using clean agent that are designed, installed, and 
maintained in accordance with this standard. 

(2) Enclosure Construction. Clean agent protected enclosures, absent of any 
containing barriers above the false ceiling, are not within the scope of Annex C. 

(3) Enclosure Height, H0. This method is valid for any height enclosure, and no special 

considerations are needed. 

(4) Bias Pressure. Whenever Possible , bias pressure differentials at the time of the 
door fan test, (Pbt) and during the hold time, (Pbh) (due to HVAC system, 
elevator connections, etc.) across the enclosure envelope should be minimized. 
The test can only be relied on for enclosures having a range of bias pressures 
outlined in C.2.5.2.3 and C.2.6.1.2(6).  

C.1.2.2 Door Fan Measurements. The following should be considered regarding the 
door fan and its associated measurements:  

(1) Door Fan Standards. Guidance regarding fan pressurization apparatus design, 
maintenance, and operation is provided by ASTM E 779, ASTM E 1827 and 
CAN/CGSB-149.10-M86. 

(2) Attached Volumes. There can be no significant attached volumes within or 
adjoining the enclosure envelope that will allow detrimental clean agent leakage 
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that would not be measured by the door fan. Such an attached volume would 
be significant if it is absent of any leakage except into the design envelope and 
is large enough to adversely affect the design concentration. 

(3) Return Path. All significant leaks must have an unrestricted return path to the door 
fan. 

(4) Leak Location. The difficulty in determining the specific leak location on the 
enclosure envelope boundaries using the door fan is accounted for by 
assuming clean agent leakage occurs through leaks at the worst location. This 
is when one-half of the total equivalent leakage area is assumed to be at the 
maximum enclosure height and the other half is at the lowest point in the 
enclosure. In cases where the below false ceiling leakage area (BCLA) is 
measured using C.2.6.2, the value attained for BCLA is assumed to exist 
entirely at the lowest point in the enclosure. 

(5) Technical Judgment. Enclosures with large overhead leaks but no significant leaks 
in the floor slab and walls will yield unrealistically short retention time 
predictions. Experience has shown that enclosures of this type can be capable 
of retaining clean agent for prolonged periods. However, in such cases the 
authority having jurisdiction might waive the quantitative results in favor of a 
detailed witnessed leak inspection of all floors and walls with a door fan and 
smoke pencil.  

C.1.2.3 Retention Calculations. The following information in C.1.2.3.1 through 
C.1.2.3.9 should be considered regarding the retention calculations and its associated 
theory. 

C.1.2.3.1 Dynamic Discharge Pressures. Losses due to the dynamic discharge 
pressures resulting from system actuation are not specifically addressed. 

C.1.2.3.2 Bias Pressure. Variable external bias pressure differences (wind, etc.) are 
additive and should be considered. 

C.1.2.3.3 Floor Area. The floor area is assumed to be the volume divided by the 
maximum height of the protected enclosure. 

C.1.2.3.4 Leak Flow Characteristics. All leak flow is one-dimensional and does not 
take into account stream functions. 

C.1.2.3.5 Leak Flow Direction. A particular leak area does not have bidirectional flow 
at any point in time. Flow through a leak area is either into or out of the enclosure. 

C.1.2.3.6 Leak Discharge. The outflow from the leak discharges into an infinitely large 
space. 

C.1.2.3.7 Leak Locations. Calculations are based on worst-case clean agent leak 
locations. 

C.1.2.3.8 Clean Agent Delivery. The calculations assume that the design 
concentration of clean agent will be achieved. If a suspended ceiling exists, it is 
assumed that the clean agent discharge will not result in displacement of the ceiling 
tiles. Increased confidence can be obtained if ceiling tiles are clipped within 4 ft (1.2 m) 
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of the nozzles and all perimeter tiles. 

C.1.3 Definitions. For the purposes of Annex C, the following definitions are to apply. 

C.1.3.1 Area, Effective Floor. The volume divided by the maximum clean agent 
protected height. 

C.1.3.2 Area, Effective Flow. The area that results in the same flow as the existing 
system of flow areas when it is subjected to the same pressure difference over the total 
system of flow paths. 

C.1.3.3 Area, Equivalent Leakage (EqLA). The total combined area of all leaks, 
cracks, joints, and porous surfaces that act as leakage paths through the enclosure 
envelope. This is represented as the theoretical area of a sharp-edged orifice that would 
exist if the flow into or out of the entire enclosure at a given pressure were to pass 
solely through it.  

C.1.3.4 Area, Return Path. The effective flow area that the air being moved by the door 
fan must travel through to complete a return path back to the leak. 

C.1.3.5 Attached Volumes. A space within or adjoining the enclosure envelope that is 
not protected by clean agent and cannot be provided with a clearly defined return path. 

C.1.3.6 Fan. The component of the door fan used to move air. 

C.1.3.7 Ceiling Slab. The boundary of the enclosure envelope at the highest elevation. 

C.1.3.8 Column Pressure. The theoretical maximum positive pressure created at the 
floor slab by the column of the clean agent–air mixture. 

C.1.3.9 Descending Interface. The enclosure integrity procedure assumes a sharp 
interface. When clean agent is discharged, a uniform mixture occurs. As leakage takes 
place, air enters the room. This procedure assumes that the incoming air rides on top of 
the remaining mixture. In reality, the interface usually spreads because of diffusion and 
convection. These effects are not modeled because of their complexity. Where a wide 
interface is present, the descending interface is assumed to be the midpoint of a wide 
interface zone. Because of the conservatism built into the procedure, the effects of 
interface spreading can be ignored. If continual mechanical mixing occurs, a 
descending interface might not be formed.  

C.1.3.10 Door Fan. The device used to pressurize or depressurize an enclosure 
envelope to determine its leakage characteristics. Also called the fan pressurization 
apparatus. 

C.1.3.11 Enclosure. The volume being tested by the door fan. This includes the clean 
agent protected enclosure and any attached volumes. 

C.1.3.12 Enclosure Envelope. The floor, walls, ceiling, or roof that together constitute 
the enclosure. 

C.1.3.13 Enclosure, Protected (V). The volume flooded by the clean agent 
extinguishing system. 

C.1.3.14 Fan Pressurization Apparatus. The device used to pressurize or 
depressurize an enclosure envelope to determine its leakage characteristics. Also 
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called the door fan. 

C.1.3.15 Floor Slab. The boundary of the enclosure envelope at the lowest elevation. 

C.1.3.16 Pressure Gauge, Flow. The component of the door fan used to measure the 
pressure difference across the fan to give a value used in calculating the flow into or out 
of the enclosure envelope. 

C.1.3.17 Pressure Gauge, Room. The component of the door fan used to measure the 
pressure differential across the enclosure envelope. 

C.1.3.18 Flooded Height, Maximum (H0). The design height of the clean agent column 
at the end of the discharge from the floor slab to the highest intentionally flooded point 
in the enclosure. This does not include the height of unprotected ceiling spaces. 

C.1.3.19 Protected Height, Minimum (H). The minimum acceptable height from the 
floor slab to which the descending interface is allowed to fall during the retention time, 
as specified by the authority having jurisdiction. 

C.1.3.20 Return Path. The path outside the enclosure envelope that allows air to travel 
to/from the leak to/from the door fan. 

C.1.3.21 Bias Pressure Difference. The pressure differential across the enclosure 
envelope not caused by the discharge process or by the weight of the clean agent. A 
positive bias pressure difference indicates that the pressure inside the enclosure is 
greater than on the outside, that is, smoke would leave the enclosure at the enclosure 
boundary. 

C.2 Test Procedure. 

C.2.1 Preliminary Preparations. The individual(s) responsible for the protected 
enclosure should be contacted and the following preliminary steps should be taken:  

(1) Provide a description of the test 

(2) Advise the responsible individuals on time required for the test 

(3) Determine the staff needed (to control traffic flow, set HVAC, and so forth) 

(4) Determine the equipment required (for example, ladders) 

(5) Obtain a description of the HVAC system 

(6) Establish the existence of a false ceiling space and the size of ceiling tiles 

(7) Visually determine the readiness of the room with respect to the completion of 
obvious sealing 

(8) Determine if conflict with other building trades will occur 

(9) Determine the size of doorways 

(10) Determine the existence of adequate return path area outside the enclosure 
envelope used to accept or supply the door fan air 

(11) Evaluate other conflicting activities in and around space (for example, interruption 
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to the facility being tested) 

(12) Obtain appropriate architectural HVAC and system design documents  

C.2.2 Equipment Required. The following equipment is required to test an enclosure 
using fan pressurization technology. 

C.2.2.1 Door Fan System. 

C.2.2.1.1 The door fan(s) should have a total air flow capacity capable of producing a 
pressure difference at least equal to the predicted column pressure or 10 Pa, whichever 
is greater. 

C.2.2.1.2 The fan should have a variable speed control or a control damper in series 
with the fan. 

C.2.2.1.3 The fan should be calibrated in air flow units or be connected to an airflow 
metering system. 

C.2.2.1.4 The accuracy of air flow measurement should be ±5 percent of the measured 
flow rate. 

C.2.2.1.5 The room pressure gauge should be capable of measuring pressure 
differences from 0 Pa to at least 50 Pa. It should have an accuracy of ± 1 Pa and 
divisions of 1 Pa or less. Inclined oil-filled manometers are considered to be traceable to 
a primary standard and need not be calibrated. All other pressure-measurement 
apparatus (for example, electronic transducer or magnehelic) should be calibrated at 
least yearly. 

C.2.2.1.6 Door fan systems should be checked for calibration every 5 years under 
controlled conditions, and a certificate should be available for inspection at all integrity 
tests. The calibration should be performed according to manufacturer’s specifications. 

The certificate should include the following:  

(1) Description of calibration facility and responsible technician 

(2) Date of calibration and serial number of door fan 

(3) Room pressure gauge error estimates at 10 Pa, 015 Pa, 20 Pa, and 50 Pa 
measured by both ascending and descending pressures (minimum) 

(4) Fan calibration at a minimum of three leakage areas (approximate): 5.4 ft2 (0.5 

m2), 2.7 ft2 (0.25 m2), and 0.54 ft2 (0.05 m2) measured at a pressure of 10 Pa.  

C.2.2.1.7 A second fan or multiple fans with flex duct and panel to flow to above-ceiling 
spaces is optional. 

C.2.2.2 Accessories. The following equipment is also useful:  

(1) Smoke pencil, fully charged  
CAUTION:Use of chemically generated smoke as a means of leak detection 
can result in activation of building or clean agent system smoke detectors. 
Appropriate precautions should be taken. Due to the corrosive nature of the 
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smoke, it should be used sparingly. 

(2) Bright light source 

(3) Floor tile lifter 

(4) Measuring tape 

(5) Masking or duct tape 

(6) Test forms 

(7) Multi-tip screwdrivers 

(8) Shop knife or utility knife 

(9) Several sheets of thin plastic and cardboard 

(10) Door stops 

(11) Signs to post on doors that say ―DO NOT SHUT DOOR — FAN TEST IN 
PROGRESS‖ or ―DO NOT OPEN DOOR — FAN TEST IN PROGRESS‖ 

C.2.2.3 Field Calibration Check. 

C.2.2.3.1 This procedure enables the authority having jurisdiction to obtain an indication 
of the door fan and system calibration accuracy upon request. 

C.2.2.3.2 The field calibration check should be done in a separate enclosure. Seal off 
any HVAC registers and grilles if present. Install the door fan per manufacturer’s 
instructions and C.2.4. Determine if a bias pressure exists using C.2.5.2. Check 
openings across the enclosure envelope for air flow with chemical smoke. If any 
appreciable flow or pressure exists, choose another room or eliminate the source. 

C.2.2.3.3 Install a piece of rigid material less than 1/8 in. (3 mm) thickness (free of any 
penetrations) in an unused fan port or other convenient enclosure opening large enough 

to accept an approximately 155 in.2 (0.1 m2) sharp-edged round or square opening. 

C.2.2.3.4 Ensure that the door fan flow measurement system is turned to properly 
measure pressurization or depressurization and operate the fan to achieve a convenient 
pressure differential, preferably 10 Pa. 

C.2.2.3.5 At the pressure achieved, measure the flow and calculate an initial EqLA 
value using C.2.6.3. Repeat the EqLA measurement under positive pressure and 
average the two results. 

C.2.2.3.6 Create a sharp-edged round or square opening in the rigid material. The area 
of this opening should be at least 33 percent of the initial EqLA measured. Typical 

opening sizes are approximately 77.5 in.2, 155 in.2, and 310 in.2( 0.05 m2, 0.1 m2, and 

0.2 m2 ), depending on the initial leakage of the enclosure. Adjust the fan to the 
previously used positive or negative pressure differential. Measure the flows and 
calculate an average EqLA value using C.2.7.2. 

C.2.2.3.7 Field calibration is acceptable if the difference between the first and second 



2001_LCP9_cleancopy_R 

 

EqLA value is within +15 percent of the hole area cut in the rigid material. If the 
difference in EqLA values is greater than +15 percent, the door fan apparatus should be 
recalibrated according to the manufacturer’s recommendations and either ASTM E 779, 
ASTM E 1258 or CAN/CGSB-149.10-M86. 

C.2.3 Initial Enclosure Evaluation. 

C.2.3.1 Inspection. 

C.2.3.1.1 Note the areas outside the enclosure envelope that will be used to supply or 
accept the door fan air. 

C.2.3.1.2 Inspect all openable doors, hatches, and movable partitions for their ability to 
remain shut during the test. 

C.2.3.1.3 Obtain or generate a sketch of the floor plan showing walls, doorways, and 
the rooms connected to the test space. Number or name each doorway. 

C.2.3.1.4 Look for large attached volumes open to the test space via the floor or walls of 
the test space. Note volumes and apparent open connecting areas. 

C.2.3.1.5 Check floor drains and sink drains for traps with liquid. 

C.2.3.2 Measurement of Enclosure. 

C.2.3.2.1 Measure the clean agent protected enclosure volume. Record all dimensions. 
Deduct the volume of large solid objects to obtain the net volume. 

C.2.3.2.2 Measure the maximum flooded height.  

C.2.3.2.3 Calculate the effective floor area by dividing the net clean agent protected 
volume by the maximum clean agent protected enclosure height. 

C.2.3.3 Preparation. 

C.2.3.3.1 Advise supervisory personnel in the area about the details of the test. 

C.2.3.3.2 Remove papers and objects likely to be affected by the air currents from the 
discharge of the door fan. 

C.2.3.3.3 Secure all doorways and openings as for a clean agent discharge. Post 
personnel to ensure they stay shut/open. Open doorways inside the protected enclosure 
even though they could be closed upon discharge. 

C.2.3.3.4 Get the user’s personnel and/or the clean agent contractor to set up the room 
in the same state as when a discharge would occur, that is, HVAC shut down, dampers 
closed, and so forth. Confirm that all dampers and closable openings are in the 
discharge-mode position. 

C.2.4 Door Fan Installation. 

C.2.4.1 The door fan apparatus generally consists of a single door fan. A double or 
multiple door fan for larger spaces or for neutralizing leakage through a suspended 
ceiling can be used for certain applications. 

C.2.4.2 Set up one fan unit in the most convenient doorway leading into the space. 
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Choose the doorway that opens into the largest return path area. Consideration should 
be given to individuals requiring access into or out of the facility. 

C.2.4.3 Follow the manufacturer’s instructions regarding setup. 

C.2.4.4 Examine the sealing around the door (before door fan installation) that the door 
fan will be mounted in to determine if significant leakage exists. If significant leaks are 
found, they should be corrected. If the manufacturer’s stated door fan sealing system 
leakage is less than the apparent remaining leakage of the doorway, the difference 
must be added to the leakage calculated.  

C.2.4.5 Ensure that all pressure gauges are leveled and zeroed prior to connecting 
them to the fan apparatus. Unless the gauge has a auto-zero function that is turned on, 
this should be done by first gently blowing into or drawing from the tubes leading to the 
pressure gauges so the needle, fluid or readout moves through its entire span and stays 
at the maximum gauge reading for 10 seconds. This confirms proper gauge operation. If 
using a magnehelic gauge, gently tap the gauge face for 10 seconds. With both ports of 
each gauge on the same side of the doorway (using tubes if necessary), zero the 
gauges with their particular adjusting method. 

C.2.4.6 Connect the tubing for the room pressure gauge. Ensure the tube is at the floor 
slab elevation and extends at least 10 ft (3 m) away from the outlet side of the door fan, 
away from its air stream path, and away from all significant air streams (that is, HVAC 
air flows or openings where air flow could impinge on the tube). 

C.2.4.7 The door fan should be arranged to alternately blow out of (depressurize) and 
blow into (pressurize) the space. Both measurements should be taken as described in 
C.2.6. 

C.2.5 Door Fan Enclosure Evaluation. 

C.2.5.1 Pressure Run-up Inspection. 

C.2.5.1.1 Activate the fan and adjust the enclosure pressure of +15 Pa so that smoke 
used for air current detection moves out of the enclosure. C.2.5.1.2 Inspect all dampers 
with smoke to ensure they are closing properly. Record problems and notify individuals 
responsible for the enclosure of the problems. 

C.2.5.1.3 Inspect doors and hatches to ensure correct closure. Record problems and 
notify individuals responsible for the enclosure of the problems. 

C.2.5.1.4 Inspect the wall perimeter (above and below the false floor) and the floor slab 
for major leaks. Note location and size of major leaks. Track down major air flow 
currents. 

C.2.5.2 Bias Pressure Measurement. 

C.2.5.2.1 Bias pressures are the background pressures that exist in the enclosure when 
the fan is stopped and sealed. Bias pressure must be measured or estimated for two 
different conditions. The first condition (which can always be measured) is the bias 
pressure present during the actual enclosure integrity test. This is called Pbt . The 
second condition (which may need to be estimated) is the bias pressure expected after 
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discharge, during the hold time. This is called Pbh. To measure bias pressure, seal the 
fan opening with the door fan properly installed, but without the fan operating. Observe 
the room pressure gauge for at least 30 seconds. Look for minor fluctuations in 
pressure. Determine the flow direction with smoke or other indicating method. 

C.2.5.2.2 With the room set up as it would be under hold time conditions, measure the 
bias pressure Pbh across a section of envelope containing the largest quantity of leaks 
expected to leak clean agent. If the subfloor is pressurized during the hold time, 
measure the differential between the subfloor and outside the envelope. If the room 
cannot be set up as would be under discharge conditions, Pbh will need to be estimated.  

C.2.5.2.3 With the room set up for the room integrity test, measure the bias pressure Pbt. 
If Pbt has an absolute value greater than 25 percent of the column pressure calculated 
in C.2.6.1.4, it must be permanently reduced. Large bias pressures decrease the level 
of certainty inherent in this procedure. The most common causes of excessive bias 
pressure are leaky dampers, ducts, and failure to shut down air-handling equipment 
serving the enclosure. 

C.2.5.2.4 Record the position of all doorways, whether open or shut, when the bias 
pressure (Pbh) is measured. 

C.2.6 Door Fan Measurement. 

C.2.6.1 Total Enclosure Leakage Method. 

C.2.6.1.1 This method determines the leakage of the entire enclosure envelope. It is 
determined by measuring the enclosure leakage under both positive and negative 
pressures and averaging the absolute values of the readings. This approach is used in 
order to minimize the influence of bias pressures on the leakage calculation. 

C.2.6.1.2 The procedures for determining the leakage of the entire enclosure envelope 
are as follows:  

(1) Block open all doorways around the enclosure and post personnel to ensure they 
stay open. 

(2) Ensure adequate return path area is provided to allow an unrestricted return air 
flow path back to the door fan from enclosure leaks. 

(3) Remove 1 percent of the floor tiles (for false floors) if an equivalent area is not 
already open. 

(4) If agent is designed to discharge above the false ceiling, remove 1 percent of the 
ceiling tiles. 

(5) Re-measure the bias pressure Pbt at the time of the door fan test, between the 
room (not below the false floor) and the return path space. 

(6) Make every effort to reduce the bias pressure (Pbt) by shutting down air-handling 
equipment even though it can operate during discharge. Pbt must be within a 
range of plus or minus 5 Pa. (7)   

(7) Record Pbt and determine its direction using smoke or other means. 
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(8) Record the position of each doorway, open/shut. 

(9) If the bias pressure fluctuates due to wind, use a wind-damping system 
incorporating four averaging tubes on each side of the building or electronic 
averaging to eliminate its effects. CAN/CGSB-149.10-M86 can be used. 

(10) If a subfloor pressurization air handler cannot be shut down for the test and leaks 
exist in the subfloor, these leaks cannot be accurately measured. Every attempt 
should be made to reduce subfloor leaks to insignificance. During the test, as 
many floor tiles as possible should be lifted to reduce the amount of subfloor 
pressurization. Note that under such conditions the suspended ceiling leakage 
neutralization method will be difficult to conduct due to massive air turbulence in 
the room. 

CAUTION: The removal of raised floor tiles creates a serious safety 
hazard. Appropriate precautions should be taken. 

(11) If relief dampers are present, they should be blocked shut so they do not open 
during the door fan test. (At the completion of the test, the dampers must be 
unblocked.)  

C.2.6.1.3 Agent Mixture Density. Calculate the density of the agent–air mixture (mi) 

using the following equation:  

***Insert Equation E2001-42.eps*** (C.1) 

ρe values are shown in table C.2 below. 

Table C.2 Agent Vapor Densities at 21°C (ρe) 

   
Agent kg/m3 lb/ft3 

FK-5-1-12 13.86 0.865 

HCFC Blend A 3.85 0.240 

HCFC 124 5.81 0.363 

HFC-125 5.02 0.313 

HFC-227ea 7.26 0.453 

HFC-23 2.92 0.183 

HFC-236fa 6.52 0.407 

CF3I 8.01 0.500 

HCFC Blend B 4.22 0.263 

IG-01 1.66 0.104 
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IG-100 1.16 0.072 

IG-541 1.41 0.088 

IG-55 1.41 0.088 

C.2.6.1.4 Calculate the initial column pressure caused by the clean agent mixture 
in the protected enclousure using the following equation: 

***Insert Equation E2001-43.eps here***(C.2) 

C.2.6.1.5 Depressurize the enclosure with a door fan fan(s) until the measured pressure 
differential reading on the gauge ) is -10 Pa If using analog gauges, tap both the room 
pressure and flow pressure gauges for 10 seconds each. Wait an additional further 30 
seconds before taking the readings. Record pressure P1d.  

C.2.6.1.6 Measure the air flow Q1d in m3/sec required to obtain P1d. 

C.2.6.1.7 Repeat C.2.6.1.5 and C.2.6.1.6 at a pressure of -50 Pa (or higher), record P2d 
and measure the flow Q2d., To reduce extrapolation errors, the ratio of P2d: P1d must be 
5:1 or more. If the door fan is not capable of achieving a test pressure, P2, of 50 Pa, 
then the test can be performed at 10 Pa only. In this case the exponent, n, must be set 
at 0.5 and can result in much more conservative retention times and venting areas.  

C.2.6.1.8 Repeat the procedure in C.2.6.1.5 through C.2.6.1.7 while pressurizing the 
enclosure to +10 Pa (P1p) and +50 Pa (P2p) and measure the air flows. Each pressure 

must be within 5 percent of the corresponding depressurization pressure. 

C.2.6.1.9 Ensure that the door fan flow measurement system is actually turned around 
between tests to properly measure pressurization or depressurization and that the 
motor rotation is not simply reversed. Ensure that the air flow entering the room is not 
deflected upward, which can cause lifting of any existing ceiling tiles. 

C.2.6.2 Suspended Ceiling Leakage Neutralization Method (Optional). 

C.2.6.2.1 Where an unobstructed suspended ceiling exists, the leakage area below the 
ceiling can optionally be measured by neutralizing ceiling leaks. This method provides a 
more accurate estimate of retention time. This method should not be used if the walls 
between rooms within the zone are sealed at the ceiling slab. This method cannot be 
used when the system is designed to protect the area above this suspended ceiling. 
This test method does not imply that leakage above the suspended ceiling is 
acceptable. This technique can be difficult or impossible to perform under the following 
conditions:  

(1) Air movement within the room could make it difficult to observe neutralization, 
particularly in small rooms. 

(2) Obstructions above the suspended ceiling, that is, beams, ducts, and partitions, 
could make it difficult to obtain uniform neutralization. 

(3) Limited clearance above the suspended ceiling, for example, less than 1 ft (0.3 m), 
could make it difficult to obtain neutralization.  
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C.2.6.2.2 If not already done, obtain the leakage of the protected enclosure using the 
total enclosure leakage method in C.2.6.1. 

C.2.6.2.3 Ceiling level supply registers and return grilles can be temporarily sealed off to 
increase the accuracy of this method. If such openings are sealed, Pbt should be 
re-measured. 

Temporary sealing of such openings is not permitted when conducting a total enclosure 
leakage test. 

C.2.6.2.4 Install two separate door fans or a multiple fan system with one fan ducted to 
the above suspended ceiling space and the other ducted into the room space below the 
suspended ceiling. It is not necessary to measure air flow through the upper fan. 

C.2.6.2.5 Depressurize above and below the suspended ceiling by adjusting two 
separate fans until the required pressure reduction and suspended ceiling leak 
neutralization (that is, no air flow through the suspended ceiling) is achieved. 

Leaks are neutralized when, at opened locations in the suspended ceiling, smoke does 
not move up or down when emitted within ¼ in. (6 mm) of the openings. If neutralization 
is not possible at all locations, ensure that smoke either does not move, or moves down 
but not up. Choose undisturbed locations away from flex duct flows, airstreams, and 
lighting fixtures, because local air velocities make neutralization difficult to detect. 

C.2.6.2.6 Measure the air flow (Q1d and Q2d) through the fan that is depressurizing the 
volume below the false ceiling to obtain the pressure (P1d and P2d). 

C.2.6.2.7 Repeat the procedure in C.2.6.2.6 and C.2.6.2.7 while pressurizing the 
enclosure, except ensure that either smoke does not move or moves up but not down. 

C.2.6.2.8 An alternate method for measuring the below-ceiling leaks consists of 
temporarily sealing identifiable ceiling level leaks using a flexible membrane, such as 
polyethylene sheet and tape, and then measuring the below-ceiling leakage solely using 
door fans drawing from the lower part of the room. No flex duct is needed. Examples of 
sealable leaks are undampered ceiling level supply registers or return grilles or an entire 
suspended ceiling lower surface. 

C.2.6.3 Leakage Calculation. 

C.2.6.3.1 Subsection C.2.6.3 outlines the door fan calculation to be used in conjunction 
with C.2.6.1 and C.2.6.2. 

C.2.6.3.2  

Correct the recorded pressures for bias pressure during the test (Pbt) and then average 

the magnitude of each pressure measurement to get the average pressures P1 and P2 

using the equation C.3 and C.4. Average the flows at each pressure measurement to 

get the average flows Q1 and Q2 using equation C.5 and C.6.. 

***Insert Equation E2001-44.eps here*** (C.3)  
***Insert Equation E2001-45.eps here*** (C.4)  
***Insert Equation E2001-46.eps here*** (C.5)  
***Insert Equation E2001-47.eps here*** (C.6)  
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C.2.6.3.3  

Calculate the flow constant k1 and the flow exponent n using the following equations: 
***Insert Equation E2001-48.eps here*** (C.7)  
***Insert Equation E2001-49.eps here*** (C.8)  
such that  
***Insert Equation E2001-50.eps here***  
***Insert Equation E2001-51.eps here*** 
n is typically in the range of 0.48 to 0.85. 

C.2.6.3.4  

Equations C.3 through C.8 should be used for both the total enclosure leakage method 
(see C.2.6.1) and the optional suspended ceiling leakage neutralization method (see 
C.2.6.2). 

C.2.7 Retention Calculation. 

C.2.7.1 Calculation. 

C.2.7.1.1 Calculate the intermediate calculation variable k2 using the following equation:  

***Insert Equation E2001-52.eps here*** (C9) 

C.2.7..1.2  

Leak Fraction for Total Leakage Method If the leakage is measured using only 
C.2.6.1, the worst case leakage distribution must be assumed and the lower leak 
fraction, F = 0.5. 

F=0.5 (C.10) 

C.2.7.1.3 Leak Fraction for Lower Leakage Method. If a lower leaks test is performed 
and the lower leakage is measured then the lower leak fraction (F) is determined using 
the following equation:  

***Insert Equation E2001-53.eps here*** (C.11) 

C.2.7.1.4 Minimum Height. Determine from the authority having jurisdiction the 
minimum height from the floor slab (H) that is not to be affected by the descending 
interface during the holding period. 

C.2.7.1.5 Time.  

For extinguishants that are heavier than air, determine if a descending interface will 
form during the hold time, or if continual mixing will occur.  

If a descending interface will form, use equations C.12, C.13, and C.14 to calculate the 
minimum time (t) that the enclosure is expected to maintain the descending interface 
above (H). 

If continual mixing is expected to occur use equation C.15 to determine the time (t) it will 
take for the concentration to drop from Ci to Cmin 

In all cases, if the extinguishant density is lighter than air, then continual mixing is 
assumed to occur and equation C.15 should be used to calculate the retention time. 
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Calculate the simplifying constant k3 using the equation:  
***Insert Equation E2001-54.eps here*** (C.12) 
Calculate the simplifying constant k4 using the equation:  
***Insert Equation E2001-55.eps here*** (C.13) 
***Insert Equation E2001-56.eps here*** (C.14) 

For continual mixing, use the following equations: 

For enclosures with continuous mixing, calculate the predicted hold time (t) for the agent 
concentration in the enclosure to fall from the initial concentration (ci) to the 

concentration (cmin) using the equation: 

***Insert Equation E2001-57.eps here *** (C.15) 
Calculate ρmf using equation C.1 substituting Cmin for Ci. 

For extinguishants lighter than air, F=0.5 

C.2.7.2  

Leakage area for visualization or relief vent calculation is found by the following 
equation: 
***Insert Equation E2001-58.eps here***(C.16) 
This leakage area is commonly referred to as the equivalent leakage area (EqLA) and is 
equivalent to the area of a hole in a thin flat plate with a discharge coefficient of 0.61 at 
the pressure of interest, Pref. 

C.2.7.3 Acceptance Criteria. The time (t) that was calculated in C.2.7.1.5 must equal 
or exceed the holding time period specified by the authority having jurisdiction. 

C.2.8 Leakage Control. 

C.2.8.1 Leakage Identification. 

C.2.8.1.1 While the enclosure envelope is being pressurized or depressurized, a smoke 
pencil or other smoke source should be used to locate and identify leaks. 

The smoke should not be produced by an open flame or any other source that is a 
potential source of fire ignition. Chemical smoke should be used only in small quantities, 
and consideration should be given to the corrosive nature of certain chemical smokes 
and their effects on the facility being tested. 

C.2.8.1.2 Leakage identification should focus on obvious points of leakage, including 
wall to floor slab joint, wall to ceiling slab joint, penetrations of all kinds, HVAC ductwork, 
doors, and windows. 

C.2.8.1.3 Alternate methods for leakage identification are available and should be 
considered. One method is the use of a directional acoustic sensor that can be 
selectively aimed at different sound sources. Highly sensitive acoustic sensors are 
available that can detect air as it flows through an opening. Openings can be effectively 
detected by placing an acoustic source on the other side of the barrier and searching for 
acoustic transmission independent of fan pressurization or depressurization. Another 
alternative is to use an infrared scanning device if temperature differences across the 
boundary are sufficient. 

C.2.8.2 Leakage Alteration. 
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C.2.8.2.1 Procedure. 

C.2.8.2.1.1 Protected areas should be enclosed with wall partitions that extend from the 
floor slab to ceiling slab or floor slab to roof. 

C.2.8.2.1.2 If a raised floor continues out of the protected area into adjoining rooms, 
partitions should be installed under the floor directly under above-floor border partitions. 
These partitions should be caulked top and bottom. If the adjoining rooms share the 
same under-floor air handlers, then the partitions should have dampers installed in the 
same manner as is required for ductwork. 

C.2.8.2.1.3 Any holes, cracks, or penetrations leading into or out of the protected area 
should be sealed. This includes pipe chases and wire troughs. All walls should be 
caulked around the inside perimeter of the room where the walls rest on the floor slab 
and where the walls intersect with the ceiling slab or roof above. 

C.2.8.2.1.4 Porous block walls should be sealed slab-to-slab to prevent gas from 
passing through the block. Multiple coats of paint could be required. 

C.2.8.2.1.5 All doors should have door sweeps or drop seals on the bottoms, and 
weather stripping around the jambs, latching mechanisms, and door closer hardware. In 
addition, double doors should have a weather-stripped astragal to prevent leakage 
between doors and a coordinator to ensure proper sequence of closure. 

C.2.8.2.1.6 Windows should have solid weather stripping around all joints. 

C.2.8.2.1.7 All unused and out-of-service ductwork leading into or from a protected area 
should be permanently sealed off (airtight) with metal plates caulked and screwed in 
place. Ductwork still in service with the building air-handling unit should have butterfly 
blade–type dampers installed with neoprene seals. Dampers should be spring-loaded or 
motor-operated to provide 100 percent air shutoff. Alterations to air conditioning, 
heating, ventilating ductwork, and related equipment should be in accordance with 
NFPA 90A or NFPA 90B, as applicable. 

C.2.8.2.1.8 All floor drains should have traps, and the traps should be designed to have 
water or other compatible liquid in them at all times. 

C.2.8.2.2 Materials. 

C.2.8.2.2.1 All materials used in altering leaks on enclosure envelope boundaries, 
including walls, floors, partitions, finish, acoustical treatment, raised floors, suspended 
ceilings, and other construction, should have a flame spread rating that is compatible 
with the flame spread requirements of the enclosure. 

C.2.8.2.2.2 Exposed cellular plastics should not be used for altering leakage unless 
considered acceptable by the authority having jurisdiction. 

C.2.8.2.2.3 Cable openings or other penetrations into the enclosure envelope should be 
firestopped with material that is compatible with the fire rating of the barrier. 

C.2.9 Test Report. Upon completion of a door fan test, a written test report should be 
prepared for the authority having jurisdiction and made part of the permanent record. 
The test report should include the following:  
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(1) Date, time, and location of test 

(2) Names of witnesses to the test 

(3) Room dimensions and volume 

(4) All data generated during test, including computer printouts 

(5) Descriptions of any special techniques utilized by test technician (that is, use of 
optional ceiling neutralization and temporary sealing of suspended ceiling) 

(6) In case of technical judgment, a full explanation and documentation of the 
judgment 

(7) Test equipment make, model, and serial number 

(8) Copy of current calibration certificate of test equipment 

(9) Name and affiliation of testing technician and signature  
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Todd M. Hetrick, Leawood, KS

New text to read as follows:
Interface Characteristic Thickness: Determine from the Authority Having Jurisdiction the acceptable characteristic

thickness, <omega>, of the clean agent being used. This value is generally equal to -0.25 for agents with vapor
densities greater than that of atmospheric air. Its value however is a function of the enclosure’s dimensions, enclosure
contents, agent type, and various other physical parameters.

Equivalent Height, H_e: The equivalent height shall be calculated from the minimum protected height, H, the maximum
enclosure height, H_0, the interface’s characteristic thickness, <omega>, and the concentration reduction threshold, or
fraction of the initial discharge concentration remaining (c_f / c_i), that exists at the protected height at the time of the
hold time. First calculate the value,

H_e = H_p / H_0 – <omega> * (c_f / c_i – 1/2).
Then calculate the value of the elevation transition point,
H_tp = abs(<omega> / 2).
For agent types with vapor densities greater than that of atmospheric air and H_e > 1 – H_tp replace the previous value

of H_e with,
H_e = 1 – (1 – H / H_0) * [c_i / (2*c_f)].
If H_e < H_tp, replace the previous value of H_e with,
H_e = H_p / H_0 * [2 * (1 – c_f / c_i)]^(-1).
For agent types with vapor densities lesser than that of atmospheric air and H_e < H_tp replace the previous value of

H_e with,
H_e = (H_p / H_0) * [c_i / (2 * c_f)].
If H_e > 1 – H_tp, replace the previous value of H_e with,
H_e = 1 – (1 – H_p / H_0) * [2 * (1 – c_f / c_i)]^(-1).
The value of H_e calculated above shall be input to the final hold time equation C.2.7.1.7g or C.2.7.1.7h, whichever

may apply.
The sharp interface has been shown to provide overly optimistic (non-conservative) hold time

predictions based on 34 full scale hold time tests initiated under the auspices of the NFPA 2001 Gaseous Fire
Extinguishing technical subcommittee [Hetrick Thesis – 2009, SUPDET conference proceedings – 2007, 2008, 2009,
Fire Technology – Hetrick – 2008-09]. As well, the wide interface theory of ISO 14520.1 is shown to be overly
conservative, and drastically so. This proposal recommends that a compromise between the two theories be introduced,
hereby referred to as the thick descending interface model. Use of the proposed model (by way of a simple modification
to the existing theory) with judiciously chosen input parameters provides for significantly increased modeling accuracy
that generally still provides for conservative (less than actual) predictions of the hold time. An in-depth derivation and
physical explanation of the introduced hold time theory is attached. Further supporting documentation is too large for
email transmittal at present. Please contact the author for the most recent versions of these publications. Available via
WPI’s ETD database (http://www.wpi.edu/Pubs/ETD/) is this contributor’s Master’s thesis, which includes extensive
supporting theoretical and experimental documentation in support of the subject proposal (technical update of model
derivation appendix attached - not yet on ETD).

The proposed model modification alters the interface to represent a thick interface, of defined maximum thickness. This
thickness grows initially, is then frozen in form as it descends (or rises) through enclosure elevation, and then collapses
out of existence as all available clean agent departs the enclosure.

Note:  Supporting material is available for review at NFPA Headquarters.

This material has not been peer reviewed at this time.
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Joseph A. Senecal, Kidde-Fenwal, Inc.

Add the following reference: Senecal, Joseph A., “Flame extinguishing in the cup-burner by inert
gases,” Fire Safety Journal, Volume 40, Issue 6, pp. 579-591, September 2005.

Delete the existing reference: Senecal, J.A., “Flame extinguishing in the cup-burner by inert gases: Theoretical &
Experimental Analysis,” Central States Section / The Combustion Institute Meeting (March 2004).

The added reference is intended to replace the deleted reference. The added reference, being a peer
reviewed publication, is a better reference than the original which is to a conference presentation.
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