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This edition of NFPA 12A, Standard on Halon 1301 Fi111 l!.xtinguishing Systems, was prepared by the 
Technical Committee on Gaseous Fire Extinguishing Systems. It was iss ued by the Standards Council 
on December 10, 2020, with an effective date of December 30, 2020, and supersedes all previous 
editions. 

This edition ofNFPA 12A was approved as an American National Standard on December 30, 
2020. 

Origin and Development of NFPA 12A 

The Committee on Halogenated Fire Extinguish ing Systems was formed in the fall of 1966 and 
held its first meeting dUt-ing December of that yeac The Committee \vaS organized into four 
Subcommittees who separately prepared various portions of the standard for review by the full 
Committee at meetings held in September and December of 1967. 

The standard was submitted and adopted at the NFPA Annual Meeting in Atlanta, Georgia, May 
20-24, 1968. The 1968 edition was the first edition of d1is standard and was adopted in tentative form 
in accordance with NFPA regulations. In 1969 the Committee determined that the standard had not 
yet been sufficiently tested and elected to cany it in tentative status for one more year. It was 
presented for official adoption in 1970. The first official version of the standard was adopted at the 
NFPA Annual Meeting in Toronto, Ontario, in May 1970. Revis ions were made in 1972, 1973, 1977, 
and 1980. 

The 1985 edition was a complete revision of the standard. The standard \vas revised in 1987 and 
again in 1989. 

The standard was completely rewritten for the 1992 edition to state the requirements more clead y 
and to separate the mandatory requirements from the advisory text in an effort to make the 
document more usable, enforceable, and adoptable. The main topic addressed in the revision was 
the decommissioning and removal of systems. 

The standard \vas updated to conform to the Manual of Style for NFPA Technical Committee Documents 
for the 2004 edition. 

For the 2009 edition, the standard was revised to address testing and 1·echarging of H alon 1301 
cylinders. 

The 2015 edition incorporated support for electronic storage of system maintenance records . 

For the 2018 edition, the annex chapter on nozzle and piping calculations (Annex H) was revised 
to correct errors, comply with the Manual of Style Jar NF.PA Technical Committee Documents, and clarify 
the details of the procedure. 

The 2022 edition is a partial revision that incorporates several clai-ifications and corrections. The 
requirements for cylinder requalification have been updated to establish better agreement with Code 
of Federal Regulations Title 49, "Transportation," and a recommendation to fo llow the HRC Code of 
Practice for H alon Reclaiming Companies has been added. 

Foreword 

Halon 1301 (bromotrifluoromethane, or CBrF3) is a colorless, ododess, electrically 
nonconductive gas that is an effective medium for extinguishing fires. Halon 1301 is included in the 
Monu·eal Protocol on Substances That Deplete the Ozone Layer signed September 16, 1987. The 

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169. 
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protocol permits continued availability of halogenated fire extinguishing agents at 1986 production levels. Tha t protocol, and 
subsequent amendments, resu-ict the production of this agent. In addition, loca l jurisdictions within some cotmtries (e.g ., the 
EPA in the United States) have enacted further rules regulating the production, use, handling, and disposal of this agent. The 
user of th is standard is advised to consult local authorities for current regulations. H alon 1301 fire extinguishing systems are 
useful within the limits of this standard in extinguishing fires in specific hazards or equipment and in occupancies where an 
electrically nonconductive medium is essential or desirable, or where cleanup of other media presents a problem. 
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Since that lime, changes in the menwership may have occtm-ed. A Iii!)• to cl<tssifications is found at the 
back of the document. 

NOTE: Me mbership on a committee shall not in a nd of itself constitute a n e ndo rsement of 
the Associa tion or any documen t developed by rhe committee on which the m embe r serves. 

Committee Scope: This co mmittee shall have p rimary responsibili ty fo r documents on the 
installation, ma inte na nce, and use of carbo n dioxide systems fo r fire protection. 

This commi ttee shall also have primary responsibili ty for docume nrs on fixed fire 
extinguishing systems utilizing bromotrifluo rometha ne and othe r similar ha logenated 
extinguishing agen ts, covering rhe installa tion, ma inre na nce, a nd use of systems. 

This commi ttee shall also have primary responsibili ty fo r documents on alternative 
protectio n o ptions to Ha lon 1301 and 1211 fire extinguishing systems. It shall not deal with 
design, installation, operation, resting, and ma inre na nce of systems employing dry c hemical, 
wet c hemical, foam, ae rosols, or water as the p rimary extinguishing media . 
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IMPORTANI' NOTE: This NFPA document is made available for 
use subject to important notices and legal disclaimers. These notices 
and disclaimers appear in all publications containing this document 
and mtry be found under the heading "Important Notices and 
Disclaimers Concerning NFPA Standards. " They can also be viewed 
at U!luw.n.fPa.org! disclaimers or obtained on request from NFPA. 

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of 
NFPA codes, standords, recommended practices, and guides (i.e., 
NFPA Standards) are released on scheduled revision cycles. This 
edition may be superseded by a later one, or it may be amended 
outside of its scheduled revision cycle through the issuance of Tenta­
tive Interim Amendments (TIAs). An official NFPA Standard at mry 
p oint in time consists of the current edition of the document, together 
with all TIAs and Errata in effect. To verify that this document is the 
current edition or to determine if it has been amended by TIAs or 
Errata, please consult the National Fire Codes® Subscription Service 
or the "List of NFPA Codes & Standards" at www.nfpa.org/docinfo. 
In addition to TIAs and Errata, the document information pages also 
include the option to sign up for alerts for individual documents and 
to be involved in the development of the next edition. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates that explanatory material on 
the paragraph can be found in Annex A. 

A reference in brackets [ l following a section or paragraph 
indicates material that has been exu·acted from another NFPA 
document. Exu·acted text may be edited for consistency and 
style and may include the revision of internal paragraph refer­
ences and other references as appropriate. Requests for inter­
pretations or revisions of extracted text shall be sent to the 
technical committee responsible for the source document. 

Information on referenced and extracted publications can 
be found in Chapter 2 and Annex M. 

Chapter I Administration 

1.1 Scope. This standard contains minimum requirements for 
total flooding Halon 1301 fire extinguishing systems. It 
includes only the essentials necessary to make the standard 
workable in the hands of those skilled in this field. Only those 
skilled in this work are competent to design, install, maintain, 
decommission, and remove this equipment. It might be neces­
sary for many of those charged with purchasing, inspecting, 
testing, approving, operating, and maintaining th is equipment 
to consult with an experienced and competent fire protection 
engineer to effectively discharge their respective duties. (See 
Annex C.) 

1.2 Purpose. This standard is prepared for the use and guid­
ance of those charged with purchasing, designing, installing, 
testing, inspecting, appmving, listing, operating, maintaining, 
decommissioning, and removing halogenated agent extinguish­
ing systems (Halon 1301), so that such equipment will function 
as intended tlu·oughout its life . Nothing in this standard is 
intended to resu·ict new technologies or alternate arrange­
ments provided the level of safety prescribed by this standard is 
not lower·ed. 

2022 Edition 

1.2.1 Pre-engineered systems (packaged systems) consist of 
system components designed to be installed according to 
pretested limi tations as approved or listed by a testing labora­
tory. Pre-engineered systems sometimes incorpora te special 
nozzles, flow rates, methods of application, nozzle placement, 
and pressurization levels that sometimes differ from those 
detailed elsewhere in this standard. All other requirements of 
the standard shall apply. Pre-engineered systems shall be in­
stalled to protect hazards within the li mitations that have been 
established by the testing laboratories where listed. 

1.3 Units. 

1.3.1 Metric units of measuremen t in this standard are in 
accordance \vith the modernized metric system known as the 
International System of Units (SI) . Two un it5 ( liter and bar), 
outside of but recognized by SI, are commonly used in interna­
tional fire protection. These un its are listed in Table 1.3 .1 with 
conversion factor·s. 

1.3.2* If a value for measurement as given in this standard is 
followed by an equivalent value in other un its, the fi rst stated 
shall be regarded as the r·equirement. A given equjvalent value 
is often approximate. 

1.4 Use and Limitations. 

1.4.1 Total flooding Halon 1301 fire extinguishing systems are 
used primarily to protect hazards that are in enclosures or 
equipment that, in i tself~ includes an enclosure to contain the 
agent. Some typical hazards that shall be permitted to use 
Halon 1301 are as follows: 

(1) Electrical and electronic hazards 
(2) Telecommunications 
(3) Flammable and combustible liquids and gases 
(4) Other high value assets 

1.4.2 Halon 1301 shall not be used on the fo llowing: 

(1) Cenain chemicals or mixtures of chemicals such as cellu­
lose niu·ate and gunpowder, which are capable of rapid 
oxidation in the absence of a ir 

(2) Reactive metals such as sodium, potassium, magnesium, 
titanium, zirconium, uranium, a nd plutonium 

(3) Metal hydrides 
(4) Chemicals capable of undergoing autothennal decomp<r 

sition, such as certain organic peroxides and hydrazine 

1.4.3* Electrostatic charging of nongrounded conductors can 
occm· during the discharge of liquefied gases. These conduc­
tors can discharge to other objects, causing an elecu·ic arc of 
sufficient energy to initiate an explosion. 

1.4.4* Wher·e halon systems are used, a fixed enclosure shall 
be provided a bout the hazard that is adequate to enable the 
specified concenu·ation to be achieved and maintained for the 
specified period of time. 

Table 1.3.1 Metric Conversion Factors 

Name of Unit Unit Conversion Factor 

Liter L 1 gal = 3.785 L 
Cubic decimeter dm3 1 gal = 3.785 dm3 

Pascal Pa 1 psi = 6894.757 Pa 
Bar bar 1 psi = 0.0689 bar 
Bar bar 1 bar= 105 Pa 
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1.4.5 Halon 1301 shall be used only in enclosures where ambi­
ent temperatures are between -70°F and 900°F (-57°C and 
482°C) . (See Annex D.) 

1.4.6 Duration of Protection. An effective agent concenu·a­
tion shall be achieved and maintained for a sufficient 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 a recurrence of the initial 
event once the agent has d issipated. Halon 1301 extinguishing 
systems normally provide protection for a period of minutes, 
but are exceptionally effective for certain applications. 

1.5 Safety. 

1.5.1 Hazards to Personnel. (See Annex D.) 

1.5.1.1 Unnecessary Exposure. Unnecessary exposure to 
Halon 1301 and its decomposition products shall be avoided . 
Exposure to high concentrations or for prolonged periods can 
produce dizziness, impaired coordination, and disturbances in 
cardiac rhythm. 

1.5.1.2* Safety Requirements. Suitable safeguards shall be 
provided to ensure prompt evacuation and prevent entry into 
hazardous atmospheres and also to provide means for prompt 
t·escue of any tt·apped personnel. Safety items such as person­
nel u·aining, warning signs, discharge alarms, and self­
contained breathing equipment shall be considered. 

1.5.2 Electrical Clearances. All system components shall be 
located to maintain no less than minimum clearances from live 
elecu·ical parts. The following references shall be considered as 
the minimum elecu·ical clearance requirements for the installa­
tion of Halon 1301 systems: 

( 1) ANSI/ IEEE C2 
(2) NFPA 70 
(3) 29 CFR 1910, SubpartS 

1.5.2.1 When the design basic insulation level (BIL) is not 
available and when nominal voltage is used for the design crite­
ria, the highest minimum clearance listed for this group shall 
be used. 

1.5.3* Decommissioning and Removal of Systems. Personnel 
who are to decommission and remove systems or are to handle 
system equipment shall b e thoroughly trained and competent 
in safe procedures. 

Chapter 2 Referenced Publications 

2.1 General. The documents or portions thereof listed in this 
ch apter are referenced within this standard and shall be 
considered part of the requirements of this document. 

2.2 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Pat·k, Quincy, MA 02169-7471. 

NFPA 7r?, National Elect1ical Code®, 2020 edition. 
NFPA 7:?>, NationalFi1·e Ala·rm and Signaling Cod!P, 2019 

edition. 

2.3 Other Publications. 

2.3. 1 ASME Publications. American Society of Mechanical 
Engineers, Two Park Avenue, New York, NY 10016-5990. 

ASME Bl.20.1, Standm·d on Pipe Thn;ads, GeneralPwpose, Inch, 
2013. 

ASME B31.1 , Power Piping Code, 2016. 

Boiler and Pres.5'/.t1"l! Uissel Code, 2017. 

2.3.2 ASTM Publications. ASTM International, 100 Ban 
Harbor Drive, P.O. Box C700, West Conshohocken, PA 
19428-29 59. 

ASTM A120, Specification fm· Pipe, Stee~ Black and H ot-Dipped 
Zinc-Coated (Galvanized) Welded and Seamless for Ordinary Uses, 
1984 (withdrawn 1987) . 

ASTM D5632/ D5632M, Standard Specification fm· Halon 1301, 
BromotrijluonJ"methane (CF3 B1), 2012. 

2.3.3 CGA Publications. Compressed Gas Association, 14501 
Ge01·ge Carter Way, Suite 103, Chantilly, VA 20151-2923. 

CGA C-6, Standard fm· Visual Inspection of Steel Compressed Gas 
Cylinders, 2013. 

2.3.4 IEEE Publications. IEEE, 3 Park Avenue, 17th Floor, 
NewYork, NY10016-5997. 

ANSI/ IEEE C2, National Electrical Safety Code, 2017. 

2.3.5 ULC Publications. ULC Publications. ULC Standards, 
17 Nepean Street, Suite 400, Ottawa, Ontario K2POB4, Canada. 

CAN/ ULC S524, Installation of Fire Alarm Systems, 2014, reaf­
firmed 2016. 

CAN/ ULC S529, Smoke Detectors for Fire Alarm Systems, 2016. 

2.3.6 US Government Publications. US Government Publish­
ing Office, 732 North Capitol Street, M •V, Washington, DC 
20401-0001. 

Title 29, Code of Federal Regulations, Part 1910, SubpartS. 

Title 49, Code of Federal Regulations. 

2.3. 7 Other Publications. 

Coil, John P., "Inerting Characteristics of Halon 1301 and 
1211 with Various Combustibles," Fenwal Inc., Report PSR 661, 
July 16, 1976. 

Merriam-Webster:~ Collegiate Dictionm)', 11th edition, Merriam­
Webster, Inc., Springfield, MA, 2003. 

2.4 References for Extracts in Mandatory Sections. 
(Reserved) 

Chapter 3 Definitions 

3.1 General. The defin itions contained in this ch apter shal l 
apply to the terms used in this standard. vVhere terms are not 
defined in this chapter or within another chapter, they shall be 
defined using their ot·dinarily accepted meanings within the 
context in which they are used. Merriam-Webster's Collegiate 
Dictionary, 11th edition, shall be the source for the ordinarily 
accepted meaning. 
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3.2 NFPA Official Definitions. 

3.2.1 * Approved. Acceptable to the authOt-ity having jurisdic­
tion . 

3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or individual ,-esponsible fOt- enforcing the requirement~ 
of a code or standard, or for approving equipment, materials, 
an installation, or a procedure. 

3.2.3* Listed. Equipment, materials, or services included in a 
list published by an organ ization that is acceptable to the 
authority having jurisdiction and concerned with evaluation of 
products or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic evalua­
tion of services, and whose listing states that either the equip­
ment, material, or service meets appropt-iate designated 
standards or has been tested and found suitable for a specified 
purpose. 

3.2.4 Shall. Indicates a mandatory requirement. 

3.2.5 Should. Indicates a recommendation or that which is 
advised but not required. 

3.2.6 Standard. An NFPA Standard, the main text of which 
contains only mandatot)' provisions using the word "shall" to 
indicate requirements and that is in a form generally suitable 
for mandatory reference by another standard or code or for 
adoption into law. Nonmandatory provisions are not to be 
considered a part of the requirements of a standard and shall 
be located in an appendix, annex, footnote, infonnational 
note, or other means as permitted in the NFPA Manuals of 
Style. vVhen used in a generic sense, such as in the phrase 
"standards development pmcess" or "standards development 
activities," the term "standards" includes a ll NFPA Standards, 
including Codes, Standards, Recommended Practices, and 
Guides. 

3.3 General Definitions. 

3.3.1 Clearance. The air distance between Halon 1301 equip­
ment, including piping and nozzles, and unenclosed or uninsu­
lated live elecu-ical components at other than ground 
potential. 

3.3.2 Filling Density. The number of pounds of Halon 1301 
per cubic foot of container volume. 

3.3.3* Normally Occupied Area. One that is intended for 
occupancy. 

Chapter 4 Components 

4.1 Halon 1301 Supply. 

4.1.1 Quantities. 

4.1.1.1 The amount of Halon 1301 in the system shall be at 
least sufficient for the largest single hazard protected or group 
of hazards that are to be protected simultaneously. 

4.1.1.2 vVhere ,-equi.red, the reserve quantity shall be as many 
multiples of these minimttm amounts as the authority having 
jurisdiction considers necessary. The time needed to obtain 
Ha lon 1301 for replenishment to restore systems to operating 
conditions shall be considered a major factor in determining 
the reserve supply needed. 
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4.1.1.3 Where uninterrupted protection is required, both 
pt-imat)' and reserve supply shall be permanently connected to 
the distribution piping and arranged for easy changeover. 

4.1.2* Quality. Halon 1301 shall comply with the require­
ments of either Table 4.1.2 N ASTM D5632/ D5632M. 

4.1.3 Storage Container Arrangement. 

4.1.3.1 Storage containers and accessories shall be so located 
and arranged that inspection, testing, recharging, and other 
maintenance is facili tared and interruption of protection is 
held to a minimum. 

4.1.3.2 Storage containers shall be located as close as possible 
to the hazard or hazards they protect but shal l not be exposed 
to a fire in a manner likely to impa ir system performance. 

4.1.3.3 Storage containers shall not be located where they are 
l.ikely to be subject to severe weather conditions or mechanical, 
chemical, or other damage . '"There excessive climatic or 
mechanical exposures are expected, suitable safeguards o t­
enclosures shall be provided. 

4.1.3.4 Storage containers shall be securely mounted per the 
manufacturer's listed or approved installation manual. Th.is 
shall include mounting the container to the appropriate 
mounting surface. 

4. 1.4 Storage Containers. (SeeAnnexE. ) 

4.1.4.1 The Halon 1301 supply shall be stored in containers 
designed to hold Halon 1301 in liquefied form at ambient 
temperatures. 

4.1.4.2 Containers shall not be charged to a filling density 
greater than 70 lb/ ft3 (1121 kg/ m3) . 

4.1.4.3 Containers shall be superpressurized with dt)' nitrogen 
to 360 psi ± 5 percent or 600 psi ± 5 percent gauge pressure at 
70°F (2482 kPa ± 5 percent or 4137 kPa ± 5 percent gauge pres­
sure at 21 oq . 

4. 1.4.4 Listed pre-engineered systems shall not be required to 
comply with 4.1.4.3 . 

4.1.4.5 Each container shall have a permanent nameplate 
specifYing the agent, tat-e, and gross we ight in addition to the 
superpressurization level. A label that will require the proper 
rentrn of the agent shall be affixed to a ll new and existing 

Table 4.1.2 Requiremen ts for Halon 1301 
(Bromotrifluoromethane) 

P roperty 

Bromotrifluoromethane, mole percent, 
mmtm um 

Other halocarbons, mole percent, 
maxtmUtTI 

Acidity, ppm (by weight), maximum 
vVater content, percent by weight, 

maxi mum 
Boiling point, oc at 760 mm Hg 
Boiling range, °C, 5 to 85 percent distilled 
High boiling impurities, grams/ 100 ml, 

maximum 
Suspended mattet- or sediment 

Requirement 

99.6 

0.4 

3.0 
0.001 

-57.75 
0.3 

0 .05 

None visible 
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containers. Filled containers shall be returned for recycling or 
t-ecovery of the agent when no longer needed. 

4.1.4.6 If used as shipping containers, the Halon 1301 
containers used in these systems shall be designed to meet the 
1·equirements of the US Deparonent of Transportation or the 
Canadian Transport Commission. If not used as shipping 
containers, they shall be designed, fabricated, inspected, ce rti­
fied, and stamped in accordance with ASME BoileT and PTessu1-e 
Vessel Code. 

4.1.4.7 The design pressure shall be suitable for the maximtun 
pressure developed at 1300F (55°C) or at the maximum 
controlled temperature limit. 

4.1.4.8 A reliable means of indication shall be provided to 
determine the pressure in refillable containers. The means of 
indication sha ll account for variation of container pressw-e 
with temperature . 

4.1.4.9 When manifolded, containers shall be adequately 
mounted and suitably supported in a rack that provides for 
convenient individual servicing or content weighings. Auto­
matic means sh all be provided to prevent agent loss from the 
manifold if the system is operated when any containers are 
removed for maintenance. 

4.1.4.10 In a multiple cylinder system , all cylinders supplying 
the same manifold outlet for diso·ibution of agent shall be 
interchangeable and of one select size and charge. 

4.1.4.11 Storage tempet·atures shall not exceed 130°F (55°C) 
nor be less than - 20°F ( - 29°C) for total flooding systems unless 
the system is designed for proper operation with storage 
temperatures outside this t·ange. External heating or cooling 
shall be used to keep the temperature of the storage container 
within desired ranges. 

4.2 Distribution. 

4.2.1 * P iping. 

4.2.1.1 Piping shall be of noncombustible material having 
physical and chemi cal characted stics su ch that its integrity 
under stress can be predicted with reliability. Special corrosion­
resistant materials o r coatings shall be required in severe ly 
corrosive atmospheres. The thickness of the pipe wall shall be 
calculated in accordance with ASME B3l.l. The internal pres­
sure for this calculation shall be the maximum storage pressure 
at the maximum storage temperan1re fa 70 lb/ ft3 (1121 
kg/ m3

) d ensity shall be assumed], but in no case shall be less 
than the following: 

(1) For 360 psi (2482 kPa) chat·ging pressure, an internal 
pressure of620 psi (4274 kPa) (130°F) (55°C) 

(2) For 600 psi (4137 kPa) charging pressure, an internal 
pressure of 1000 psi (6895 kPa) (1300F) (55°C) 

If higher storage temperatures are approved for a given system , 
the internal pressure shall be adjusted to the maximum inter­
nal pt·essure at maximum temperature. In performing this 
calculation, all joint factors and threading, grooving, or weld­
ing allowances shall be taken into account. (See Annex F.) 

4.2.1.2 Cast-iron pipe, steel pipe conforming to ASTM A120, 
or n onmetallic pipe shall not be used. 

4.2.1.3 Where used, flexible piping, n tbing, or hose (includ­
ing connections) shall be of approved materials and pressure 
ratings. 

4.2.1.4 Each pipe section shall be cleaned internally after 
preparation and before assembly by means of swabbing, utiliz­
ing a suitable nonflammable cleaner. The piping network shall 
be free of particulate matter and oil residue before installa tion 
of nozzles or discharge devices. 

4.2.1.5* In systems where valve arrangement introduces 
sections of closed piping, su ch sections shall be equipped with 
p ressure relief devices or the valves shall be designed to 
prevent eno·apment of Liquid . In systems using pressure oper­
ated cylinder valves, means shall be provided to vent any 
container leakage that could build up pressure in the pilot 
system and cause unwan ted opening of the cylinder valve. The 
means of pressure venting shall be arranged so as no t to 
prevent reliable operation of the cylinder valve . 

4.2.1.6 All pressure relief devices shall be of su ch design and 
so located that the d ischarge therefrom will not injure person­
n el or be otherwise objectionable. 

4.2.2 Piping Joints. Piping joints of other than the screwed or 
flanged type shall be listed or approved for this appli cation. 

4.2.3* Fit tings. Fittings fo r 600 psig ( 4137 kPa) charging pres­
sure systems shall have a minimum worki ng pressure of 1000 
psi (6895 kPa) . Systems utilizing 360 psig (2482 kPa) ch argi ng 
pt·essure shall use fittings having a minimum working pressure 
of 620 psi ( 4274 kPa) . 

4.2.3.1 Class 150 lb and cast-iron fittings shall no t be used . 

4.2.3.2 All threads u sed in joints and fittings shall conform to 
ASME Bl.20.l. Joint compound, tape, or thread lubricant sha ll 
be applied only to the male threads of the joint. 

4.2.3.3 '"'e lding, soldering, or brazing alloys shall have a melt­
ing point above l000°F (538°C) . 

4. 2.3.4 Welding shall be performed in accordance with the 
ASME Boiler and Pressw·e "lkssel Code, Section IX, "Welding and 
Brazing Qualification." 

4.2.3.5 Where copper, stainless steel, or other suitable tubing 
is joined with compression-type fittings, the manufacturer's 
pressure-temperature ratings for the fi tting s ha ll not be excee­
ded. 

4.2.4 Valves. 

4. 2.4.1 All valves shall be listed or approved for the intended 
use. 

4.2.4.2 Valves shall be protected agai nst mechanical, chemical, 
or other damage. 

4.2.4.3 Special corrosion-resistant materials or coatings shall 
be used in severely conosive atmospheres. 

4. 2.5 Discharge Nozzles. 

4. 2.5.1 Discharge nozzles shall be listed for use, including the 
flow characteristics and area of coverage. Discharge orifices 
shall be of corrosion-resistant metal. 

4.2.5.2 Special corrosion-resistant materials or coatings shall 
b e requit-ed in severely corrosive atmospheres. 

4.2.5.3* Discharge nozzles shall be permanently marked to 
identifY the manufacturer as well as the type and size of the 
orifice. 
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4.2.5.4 Where clogging by external foreign materials is likely, 
discharge nozzles shall be provided with fi·angible discs, blow­
off caps, or other suitable devices. These devices shall provide 
an unobstructed opening upon system operation and shall be 
located so they will not injure personnel. 

4.3 Detection, Actuation, Alarm, and Control Systems. 

4.3.1 Detection, actuation, alarm, and control systems shall be 
installed, tested, and maintained in accordance with NFPA 70 
and NFPA 72. In Canada refer to CAN/ULC 5524-14 and 
CAN/ULC 5529-16. 

4.3.1.1 Automatic detection and automatic actuation shall be 
used, except as permitted in 4.3.1.2. 

4.3.1.2 Manual-only actuation shall be permitted if acceptable 
to the authority havingjurisdiction. 

4.3.2 Automatic Detection. 

4.3.2.1 * Automatic detection shall be by any I isted or 
approved method or device capable of detecting and indicating 
heat, flame, smoke, combustible vapors, or an abnormal condi­
tion in the hazard, such as process trouble, that is likely to 
produce fire. 

4.3.2.2 Adequate and reliable primary and 24-hour minimum 
standby sources of energy shall be used to provide for opera­
tion of the detection, signaling, conu·ol, and actuation require­
ments of the system. 

4.3.3 Operating Devices. 

4.3.3.1 Operating devices shall include Halon 1301 releasing 
devices or valves, discharge controls, and shutdown equipment 
necessary for successful performance of the system. 

4.3.3.2 Opet·ation shall be by listed or approved mechanical, 
elecu·ical, or pneumatic means. An adequate and reliable 
source of energy shall be used. 

4.3.3.3 All devices shall be designed for the service they will 
encounter and shall not be readily rendered inoperative or 
susceptible to accidental operation. Devices shall be normally 
designed to function properly from -200F to 1500F (-29oC to 
65°C) or marked to indicate temperature limitations. 

4.3.3.4 All devices shall be located, installed, or suitably 
protected so that they are not subject to mechanical, chemical, 
or other damage that would render them inoperative. 

4.3.3.5 The normal manual control(s) for actuation shall be 
located for easy accessibility at all times, including time of fire 
wi thin the protected area. The manual control(s) shall be of 
distinct appearance and clearly recognizable for the purpose 
intended. Operation of this control shall cause the complete 
system to operate in its normal fashion. 

4.3.3.6 An emergency release of the system resulting from a 
single manual operation shall be provided. This shall be 
accomplished by a mechanical manual release or by an electri­
cal manual release when the control equipment monitors the 
battery voltage level of the standby battery supply and provides 
a low battery signal. The emergency release shall cause simulta­
neous operation of automatically operated valves controlling 
agent release and distribution. 

4.3.3.7* Manual controls shall not require a pull of more than 
40 lbf (178 N) nor a movement of more than 14 in. (356 mm) 
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to secu re operation. At least one manual control for activation 
shall be located not mot·e than 5 ft (1.5 m ) above the floor. 

4.3.3.8 Where gas pressme fi·om the system or pilot containers 
is used as a means for releasing the remaining containers, the 
supply and discharge t·ate shall be designed for releasing a ll of 
the remaining containers. 

4.3.3.9 All devices for shutting down supplementary equip­
ment shall be considered integral pat·ts of the system and shall 
function with the system opera tion. 

4.3.3.10 All manual operating devices shall be identified as to 
the hazard they protect. 

4.3.4 Control Equipment-

4.3.4.1 Electric Control Equipment. The conu·ol equipment 
shall supervise the actuating devices and associated wiring and, 
as required, cause actuation . The con u·ol equipment shall be 
specifically listed or approved for the number and type of 
actuating devices utilized, and theit· compatibility sha ll have 
been listed or approved. 

4.3.4.2 Pneumatic Control Equipment. Vl'here pneumatic 
conu·ol equipment is used, the lines shall be protect ed against 
crimping and mechanical damage. Where installations could 
be exposed to conditions that could lead to loss of integrity of 
the pneumatic lines, special precautions shall be taken . The 
control equipment shall be specifically listed or approved for 
the number and type of actuating devices utilized, and their 
compatibili ty shall have been listed or appmved. 

4.3.5 Operating Alarms and Indicators. 

4.3.5.1 Alarms or indicators or both shall be used to indicate 
the operation of the system, hazat·ds to personnel, or fai lure of 
any supervised device. The type (audible, visual, or olfactory), 
number, and location of the devices shall be su ch that their 
purpose is satisfactorily accomplished. The extent and type of 
alarms or indicator equipment or both shall be approved. 

4.3.5.2 Audible and highly visible alarms shall be provided to 
give positive warning of d ischarge. The operation of the warn­
ing devices shall be continued after ha lon discharge, until posi­
tive action has been taken to acknowledge the a larm and 
proceed with appropt·iate action. 

4.3.5.3* ·where abort switches are provided, they shal l be loca­
ted only within the protected area and shall be of a type that 
requires constant manual pt·essure to cause abort. The abort 
switch shall not be of a type that would a llow the system to be 
left in an aborted mode without someone present. In all cases, 
the normal manual and emergency manual control shall ovet·­
ride the abort function . Operation of the abort function shall 
result in both audible and d istinct visual indication of system 
impairment. The abort switch shall be clearly recognizable for 
the purpose intended. 

4.3.5.4 Alarms indicating failure of supervised devices or 
equipment shall g ive prompt and positive indication of any fail­
ure and shall be distinctive from alarms indicating operation or 
hazardous conditions. 

4.3.5.5 Warning and instruction signs at entrances to and 
inside protected areas shall be provided. 

4.3.5.6 Time delays shall be used only where discharge delay is 
required for personnel evacuation or to prepare the hazard 
area for discharge. Time delays shall not be used as a m eans of 
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confirming operation of a detection device before automatic 
actuation occm-s. 

4.3.6* Unwanted System Operation. Care shall be taken to 
thoroughly evaluate and correct any factors that could result in 
unwanted dischar-ges. 

Chapter 5 System Design 

5.1 Specifications, Plans, and Approvals. 

5.1.1 Specifications. Specifications for Halon 1301 fire­
extinguishing systems shall be prepared under the supnvision 
of a person fully experienced and qualified in the design of 
Halon 1301 extinguishing systems and with the advice of the 
authority having jurisdiction. The specifications shall include 
all pertinent items necessary for the proper design of the 
system such as the designation of the authority having jurisdic­
tion, variances from the standard to be permitted by the 
authority having jurisdiction, and the type and extent of the 
approval testing to be performed after installation of the 
system. 

5.1.2 Plans and Approvals. 

5.1.2.1 Plans and calculations shall be submitted for approval 
to the authority having jurisdiction before installation begins . 
Their preparation shall be entrusted only to persons fully expe­
rienced and qualified in the design of Halon 1301 extinguish­
ing systems. 

5.1.2.2 These plans shall be drawn to an indicated scale or be 
suitably dimensioned and shall be made so they can be easily 
reproduced. 

5.1.2.3 These plans shall contain sufficient detail to enable an 
evaluation of the hazard(s) and the effectiveness of the system. 
The detail of the hazards shall include the matedals involved in 
the hazards, the location of the hazards, the enclosure or limits 
and isolation of the hazards, and the exposures to the hazards. 

5.1.2.4 The detail on the system shall include information and 
calculations on the amount of Halon 1301; container storage 
pressure; internal volume of the container; the location, type, 
and flow rate of each nozzle including equivalent orifice area; 
the location, size, and equivalent lengths of pipe, fittings, and 
hose; and the location and size of the storage facility. Details of 
pipe size reduction method and orientation of tees shall be 
clearly indicated. Information shall be submitted pertaining to 
the location and function of the detection devices, operating 
devices, auxiliary equipment, and e lectrical c ircuitry, if used . 
Apparatus and devices used shall be identified. Any special 
features shall be adequately explained. The manufacmrer's 
version of the flow calculation program shall b e identified on 
the computer calculation printout. Only the currently listed 
calculation method shall be used. 

5.1.2.5 An as-built instruction and maintenance manual tl1at 
includes a full sequence of operation and a full set of drawings 
and calculations shall be maintained in a clearly identified 
protective e nclosure at or n ear the system control panel. 

5.1.3 \\Then field conditions necessitate any material change 
fi-om approved plans, the change shall be submitted for appro­
val. 

5.1.3.1 When su ch material changes from approved plans are 
made, corrected as-built plans shall be provided. 

5.2 System Flow Calculations. (See Annex G.) 

5.2.1 As part of the design procedure, system flow calculations 
shall be performed using a listed calculation method. The 
system design shall be within the manufacturer's listed limita­
tions. 

5.2.2 Nozzle orifice sizes shall b e selected to ach ieve the 
designed flow rate. The nozzle shall be selected by consulting 
the discharge characteristic information in tl1e manufacturer's 
listed design manual. Flow shall be calculated on the basis of an 
average container pressure during discharge, taking into 
account the original pressurization level, storage filling density, 
and percent in piping for 70oF (21 °C) storage temperature as 
shown in Figure H.l (e) . 

5.2.3 Valves shall be rated for equivalent length in terms of 
the pipe or tubing sizes with which they will be used. The equiv­
alent length of container valves shall be listed and shall include 
siphon tube, valve, discharge head, and flexible connector. 

5.2.4 The nozzle and fitting orientation shall be in accordance 
with the manufacmrer's listed l imitations to ensure proper 
system performance. (See Annex H.) 

5.2.5 If the final installation varies from the prepared calcula­
tions, new calculations representing the as-built installation 
shall be prepared. 

5.2.6 Halon 1301 total fl ooding systems shall not be used in 
concentrations greater than 10 percent in normally occupied 
areas. Areas that might contain 10 percent Halon 1301 shall be 
evacuated immediate ly upon discharge of the agent. '!\There 
egress cannot be accomplished within 1 minute, Halon 1301 
total flooding systems shall not be med in normally occupied 
areas in concentrations greater than 7 percent. (See Annex D.) 

5.2. 7 Halon 1301 total flooding systems utilizing concentra­
tions greater than 10 percent but not exceeding 15 percent 
shall be permitted to be used in areas not normally occupied, 
provided egress can be accomplished within 30 seconds. \!\There 
egress cannot be accomplished within 30 seconds or where 
concenn·ations greater than 15 percent must be used, provi­
sions shall be made to prevent inhalation by personnel. (See 
Annex D.) 

5.3 Enclosure. In the design of total flood ing systems, t11e 
characteristics of the enclosure as identified in 5.3.1 through 
5.3 .4 shall be considered. 

5.3.1* For all types of fires, the area of unclosable openings 
shall be kept to a minimum. 

5.3.2 To pr-event loss of agent through openings to adjacent 
hazard~ or work areas, openings shall be permanently sealed or 
equipped with automatic closures. 

5.3.3* Where reasonable confinement of agent is not practica­
ble, protection shall be extended to include the adjacent 
connected hazards or work areas. 

5.3.4 Forced-air ventilating systems including in-room air­
conditioning units shall be shut down or closed automati cally 
where their continued operation would adversely affect the 
performance of the H alon 1301 system or· ,-esult in propagation 
of the fire . 
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5.4 Design Concentration Requiremenls. 

5.4.1 * For a particular fuel, either flame extinguishment or 
in erring concentrations shall be used. 

5.4.1.1 Inerting. The inerting concentrations shall be used 
where conditions for subsequent reflash or explosion could 
exist. These conditions are found when both of the following 
situations occur: 

(1) The quantity of fuel permitted in the enclosure is suffi­
cient to develop a concentration equal to or greater than 
one-hall' of the lower flammable limit throughout the 
enclosure. 

(2) The volatility of the fuel before the fire is sufficient to 
reach the lower flammable limit in air (maximum ambi­
ent temperature or fuel temperature exceeds the closed 
cup flash point temperature), or the system response is 
not rapid enough to detect and extinguish the fire before 
the volatility of the fuel is increased to a dangerous level 
as a result of the fire. 

CAUTION: Under certain conditions, it could be dangerous 
to extinguish a burning gas jet. As a first measure, the gas 
supply should be shut off. 

5.4.1.1.1 The minimum design concentrations specified in 
Table 5.4.1.1.1 shall be used to inert atmospheres involving 
several flammable liquids and gases. Design inerting concentra­
tions not given in Table 5.4.1.1.1 shall be determined by test 
plus a 10 percent safety factor. The minimum design concen­
u·ation shall be 5 percent. 

5.4.1.2* Flame Extinguishment. The mmnnum design 
concentrations specified in Table 5 .4.1.2 shall be used to extin­
guish normal fires involving several flammable liquids and 
gases. Design flame extinguishment concentrations not g iven 
in Table 5.4.1.2 shall be obtained by test plus a 20 percent 
safety factor. Minimum design concentrations shall be 5 
percent. 

5.4.1.3 For combinations of fuels, d1e flame extinguishment 
or inerting value for the fuel requiring the greatest concentra­
tion shall be used unless tests are made on the actual mixture. 

5.4.2 Fires in Solid Materials. Flammable sol ids shall be classi­
fied as those that do not develop deep-seated fires and those 
that do. (See Annex 1.) 

Table 5.4.1.1.1 Halon 1301 Design Concentrations for Inerting 

Fuel 

Acetone 
Benzene 
Ethanol 
Ethylene 
Hydrogen 
Methane 
n-Heptane 
Propane 

Minimum Cone. 
% by Volume* 

7.6 
5.0 

11.1 
13.2 
3 1.4 

7.7 
6.9 
6.7 

Note: Includes a safety factor of 10 percent added to experimental 
values. 
*Coii,John P., "l nerting Characteristics of Halon 13()1 and 1211 with 
Various Combustibles," Fenwal l nc., Report PSR 66l,J uly 16, 1976. 
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Table 5.4.1.2 Halon 1301 Design Concentrations for Flame 
Extinguishment (in 25°C at 1 atm) 

Fuel 

Acetone 
Benzene 
Ethanol 
Ethylene 
Methane 
n-Heptane 
Propane 

Minimum Design Cone. 
% by Volume 

5.0 
5.0 
5.0 
8.2 
5.0 
5.0 
5.2 

5.4.2.1 Solid Surface Fires. To protect materials that do not 
develop deep-seated fires, a m11umum concentration of 
5 percent shall be used. (See Annex].) 

5.4.2.2 Deep-Seated Fires. Where the solid material is in such 
a form that a deep-seated fire can be established before a flame 
extinguishing concenu·ation has been achieved, provisions 
shall be made to the satisfaction of the authority having juris­
diction for a means to effect complete extinguishment of the 
fire. 

5.5 Determination of Halon 1301 Quantity for Total Flooding 
Systems. 

5.5.1 Total Flooding Quantity. The amount of Halon 1301 
required to achieve the design concenu·ation shall be calcula­
ted from the following formula: 

[5.5.1a] 

w-v( c ) 
s 100-C 

where: 
W = weight of Halon 1301 required to achieve design concen­

tration (lb) 
s = 2.2062 + 0.0050461 
I = minimum anticipated temperature of the protected 

volume (°F) 
V = net volume of hazard ft3 (enclosed volume minus fixed 

structures impervious to halon ) 
C = Halon 1301 concentration, percent by volume 

[5.5.1b] 

w=.!::.(_c ) 
s 100-C 

where: 
W = weight of Halon 1301 required to achieve design concen­

tration (kg) 
s = 0.14781 + 0.0005671 
I = minimum anticipated temperature of the protected 

volume ( 0 C) 
V = net volume of hazat·d (m3 ) (enclosed volume minus fixed 

stntctures impervious to halon ) 
C = Halon 1301 concentration, percent by volume 

5.5.1.1 This calculation in 5.5.1 includes an a llowan ce for 
normal leakage fi·om a "tight" enclosure due to agent expan­
sion. (See Annex K.) 
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5.5.2* In addition to the concenu·ation requirements, addi­
tional quantities of agent shall be required to compensate for 
any special conditions that would affect the extinguish ing effi­
ciency. 

5.6* Altitude Adjustments. The design quantity of Halon 
1301 shall be adjusted to compensate for altitudes of more 
than 3000 ft (1000 m) above or below sea-level and pressures 
that vary by 10 percent above or below standard sea-level pres­
sure (29.92 in. Hg at 70°F). The Halon 1301 quantity shall be 
corrected by multiplying the quantity determined in 5.5.1 and 
5.5.2 by the ratio of average ambient enclosure pressure to 
standard sea level pressure. 

5. 7 Distribution System. 

5.7.1* Rate of Application. 

5.7.1.1 The minimum design rate of application shal l be 
based on the quantity of agent required for the desired concen­
u·ation and the time allotted to achieve the desired concentra­
tion . 

5.7.1.2* Discharge Time. The agent discharge shall be 
substantially completed in a nominal 10 seconds m- as other­
wise required by the authority having jurisdiction. 

5.7.1.2.1 This period shall be measmed as the interval 
between the first appearance of liquid at the nozzle and the 
time when the discharge becomes predominantly gaseous. 

5.7.2* When an extended discharge is necessary, the rate shall 
be sufficient to maintain the desired concentration for the 
dmation of application. 

5.8 Nozzle Choice and Location. 

5.8.1 Nozzles shall be of the type listed for the intended 
purpose and shall be placed within the protected enclosure in 
compliance with listed limitations with regard to spacing, floo r 
coverage, and alignment. 

5.8.2* The type of nozzles selected, their number, and their 
placement shall be such that the design concenu·ation will be 
established in all parts of the hazard enclosure and such tl1at 
the discharge will not unduly splash flammable liquids or 
create dust clouds that might extend the fire, create an explo­
sion, or otherwise adversely affect the contents or integrity of 
the enclosure. 

Chapter 6 Inspection, Maintenance, Testing, and Training 

6.1 * Inspection and Tests. 

6.1.1 At least semiannually, all systems shall be thoroughly 
inspected, tested, and documented for proper operation by 
trained competent personnel. Tests shall be in accordance with 
the appwpriate NFPA or Canadian standards. 

6.1.2 The documented report, with recommendations, shall 
be filed with the owner. 

6.1.3 The documented repon shall be permitted to be stored 
and accessed using paper or electronic media. 

6.1.4* The agent quantity and pressure of refillable containers 
shall be checked. If a container shows a loss in net weight of 
more than 5 percent or a loss in pressure (adjusted for temper­
ature) of more than 10 percent, it shall be refilled or replaced. 
When the amount of agent in the container is determined by 

special measuring devices in lieu of weighing, these devices 
shall be listed. 

6. 1.5 All halon removed from refi llable containe rs during 
service or maintenance procedures shall be collected for recy­
cling. 

6.1.6 Factory-charged nonrefi llable containers that do not 
have a means of pressure indication shall be weighed at least 
semiannually. If a container shows a loss in net weight of more 
than 5 percent, it sha ll be replaced. All factory-charged nonre­
fillable containers removed from useful service shall be 
returned for t·ecycling of the agent. 

6.1.7 The weight and pressure of the container shall be recor­
ded on a tag attached to the container. 

6.2 Container Test. 

6.2.1 US Deparunent of Transportation (DOT), Canadian 
Transport Commission (CTC), or similar design Halon 1301 
cylinders shall not be recharged without retesting if the requali­
fication period specified by the regula ting authority for the 
container has elapsed since the date of the last test and inspec­
tion. 

6.2.1.1 The retest shall be permitted to consist of a complete 
visual inspection as described in 49 CFR. 

6.2.1.2 A cylinder shall be permitted to be requalified at any 
time during or before the month and year that the requalifica­
tion is due. 

6.2.1.3 A cylinder filled before the requalification becomes 
due shall be both of the following: 

(1) Permitted to t·emain in service 
(2) Periodically inspected in accordance witl1 6.2.2 

6.2.1.4 A cylinde r with a specified service Life shall not be refil­
led and offered for transportation after its autlwrized service 
life has expired. 

6.2.2 Cylinders continuously in service without discharging 
shall be given a complete extet·nal visual inspection every 
5 years, in accordance with CGA C6, Section 5, except that the 
cylinders need not be emptied or stamped while under pres­
sure. 

6.2.3 Where external visual inspection indicates that the 
container has been damaged, additional strength tests shall be 
requit-ed. 

CAUTION: If additional tests used include hydrostatic test­
ing, containers should be thoroughly dried before refilling. 

6.2.4 Before recharging a container, a visual inspection of its 
interior shall be performed. 

6.3 Hose Test. All system hoses shall be examined annually 
f'ot· damage. If visual examination shows any deficiency, the 
hose shall be immediately replaced or tested as specified in 
6.3.1. 

6.3.1 All hoses shall be tested at 1500 psi (10342 kPa) for 
600 psi (4137 kPa) charging pressure systems, and at 900 psi 
(6205 kPa) for 360 psi (2482 kPa) charging pressure systems. 
The test shall be performed a5 follows: 

(1) Remove the hose from any attachment. 
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(2) The hose assembly is then to be placed in a protective 
enclosure designed to permit visual observation of the 
test. 

(3) The hose must be completely filled with water before test­
ing. 

( 4) Pressure then is applied at a rate-of-pressure rise to reach 
the test pressure within a minimum of 1 minute. The test 
pressure is to be maintained for 1 full minute. Observa­
tions are then made to note any distortion or leakage. 

(5) If the test pressure has not dropped or if the couplings 
have not moved, the pressw·e is released. The hose assem­
bly is then considered to have passed the hydrostatic test 
if no permanent distortion has taken place. 

(6) Hose assembly passing the test must be completely dried 
internally. If heat is used for drying, the temperature 
must not exceed 150°F (66°C) . 

(7) Hose assemblies failing a hydrostatic test must be 
destroyed. They shall be replaced with new assemblies. 

(8) Each hose assembly passing the hydrostatic test shall be 
marked to show the date of test. 

6.3.2 All hoses shal l be tested every 5 years in accordance with 
6.3.1. 

6.4 Enclosure Inspection. At least every 6 months the halon­
protected enclosure shall be thoroughly inspected to deter­
mine if penetrations or other changes have occurred that could 
adversely affect halon leakage . 

6.4.1 V\There the inspection indicates that conditions exist that 
could result in inability to maintain the halon concentration, 
they shall be corrected. If uncertainty still exists, the enclosures 
shall be retested for integrity. 

6.5 Maintenance. 

6.5.1 These systems shall be maintained in full operating 
condition at all times. Use, impairment, and restoration of this 
protection shall be reported promptly to the authority having 
jurisdiction. 

6.5.2 Any troubles or impairments shall be corrected at once 
by competent personnel. 

6.5.3 Any penetrations made through the halon-protected 
enclosure shal l be sealed immediately. The method of sealing 
shall restore the original fire resistance rating and tightness of 
the enclosure. 

6.6 Training. AU persons who could be expected to inspect, 
test, maintain, operate, or decommission and remove fire 
extinguishing systems shall be thoroughly trained and kept 
thoroughly trained in the functions they are expected to 
perform. 

6.6.1 Personnel working in a halon-protected enclosure shall 
receive u·aining regarding halon safety issues. 

6.7 Approval oflnstallations. (See Annex L.) 

6.7.1 The completed system shall be tested by qua lified 
personnel to meet the approval of the authority having jurisdic­
tion . Only listed or approved equipment and devices shall be 
used in the systems. To determine that the system has been 
properly installed and wi ll ft.mction as specified, the tests in 
6.7.2.1 , 6 .7.2.2, 6.7.2.3, and 6.7.2.4 shall be performed. 
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6. 7.2 Installation Acceptance. 

6.7.2.1 Mechanical Acceptance. 

6.7.2.1.1 The piping distribution system shall be inspected to 
determine that it is in compliance with the system drawings and 
the hydraulic calculations indicated on the computer prin tout 
associated with each agent storage container piping and n ozzle 
configuration. 

6. 7.2.1.2 Nozzles and pipe size shall be in accordance with 
system drawings. Means of pipe size reduction and attitudes of 
tees shall be checked for conformance to the design. 

6.7.2.1.3 Piping joints, discharge nozzles, and piping supports 
shall be securely fastened to prevent unacceptable movement 
during discharge. 

6. 7.2.1.4 During a.~sembly, the piping distribution system shall 
be inspected internally to detect the possibility of any oil or 
particulate matter soiling the hazard area or affecting the agent 
distribution due to a reduction in the effective nozzle orifice 
area. 

6. 7.2.1.5 The discharge nozzle shall be oriented in such a 
manner that optimum agent dispersal can be effected. 

6. 7.2.1.6 If nozzle deflectors are installed, they shall be posi­
tioned to obtain maximum benefit. 

6. 7.2.1.7 The discharge nozzles, piping, and mounting brack­
ets shall be installed in such a manner that they will not poten­
tially cause injury to personnel. 

6. 7.2.1.7.1 The Liquid phase of the d ischarge shall not come 
in contact with people performing their normal tasks. 

6.7.2.1.7.2 Agent shall not directly impinge on any loose 
objects or shelves, cabinet tops, or similar sm·faces whet·e loose 
objects could be present and become missiles. 

6.7.2.1.8 All agent storage containers shall be properly located 
in accordance with an approved set of system drawings. 

6.7.2.1.9 All containers and mounting brackets shall be 
securely fastened in accordance with the manufacturer's 
requirement~. 

6. 7.2.1.10 If a discharge test is to be conducted, containers for 
the agent to be used shall be weighed before and after 
discharge. Fill weight of container shall be verified by weighing 
or other approved methods. 

6.7.2.l.ll Adequate quantity of agent to produce the desired 
specified concentration shall be pmvided. The actual mom 
volumes shal l be checked against those indicated on the system 
drawings to ensure the proper quantity of age nt. Fan coast­
down and dampet· closure time sha ll be taken into conside ra­
tion. 

6. 7.2.1.12 The piping shall be pneumatically tested in a closed 
circuit for a pedod of 10 minutes at a gauge pt·essure of 150 psi 
(1034 kPa) . 

CAUTION: Pneumatic pressure testing creates a potential 
risk of injury to personnel in the area, as a t·esult of a irbom e 
projectiles, if rupture of the piping system occurs. Prior to 
conducting the pneumatic pressure test, the protected area 
shall be evacuated and appmpriate safeguards shall be provi­
ded for test personnel. 
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6.7.2.1.12.1 The pressure test shall be permitted to be omitted 
if the total piping contains no more than one change in direc­
tion fitting between the storage container and the discharge 
nozzle, and where all piping is physically checked for tightness. 

6.7.2.1.12.2 \1\ihen pressurizing the piping, pressure shall be 
increased in 50 psi (3.5 bar) increments. 

6.7.2.1.12.3 At the end of 10 minutes, the pressure drop shall 
not exceed 20 percent of the test pressure. 

6.7.2.1.13 A puff rest with nitrogen shall be performed to 
check for continuous piping. 

6.7.2.2* Enclosure Integrity Acceptance. All total flooding 
systems shall have the enclosure examined and tested to locate 
and then effectively seal any sign ificant air leaks that could 
t-esult in a failure of the enclosure to hold the specified Halon 
1301 concentration level for the specified holding period. 

6. 7 .2.3 Electrical Acceptance. 

6.7.2.3.1 All \viring systems shall be properly installed in 
compliance \vith system dra\vings. 

6.7.2.3.2 All field c ircuitry shall be measured for ground-fault 
and short-circuit condition. \1\ihen measuring field circuiuy, all 
elecu·onic components (such as smoke and flame detectors or 
special electronic equipment for other detectors or their 
mounting bases) shall be removed and jumpers properly in­
stalled to prevent the possibility of damage within these devi­
ces. Components shall be replaced after measuring. 

6.7.2.3.3 Power shall be supplied to the conu·ol unit fi·om a 
separate dedicated source that will not be shut clown on system 
operation. 

6.7.2.3.4 Adequate and reliable primaty and 24-hour rnini­
mum standby sources of energy shall be used to provide for 
operation of the detection, signaling, control, and actuation 
requirements of the system. 

6.7.2.3.5 All auxiliary functions such as alarm sotmding or 
displaying devices, remote annunciators, air-handling shut­
down, and powet· shutdown shall be checked for proper opet·a­
tion in accordance with system requirements and design 
specifications. If possible, all air-handling and power-cutoff 
controls shall be of the type that, once intetTupted, requit-e 
manual restart to restore power. 

6.7.2.3.6 Silencing of alarms (if desirable) shall not affect 
othet· auxiliary functions such as air handling or power cutoff if 
required in the design specification. 

6.7.2.3.7 The detection devices shall be checked for proper 
type and location as specified on the system drawings. 

6.7.2.3.8* Detectors shall not be located near obsu·uctions or 
air ventilation and cooling equipment that would appreciably 
affect their response characteristics. \1\ihere applicable, air 
changes for the protected area shall be taken into considera­
tion . 

6.7.2.3.9 The detectors shall be installed in a professional 
manner and in accordance with technical data regarding their 
installation. 

6.7.2.3.10 Manual pull stations shall be properly installed, 
readily accessible, accurately identified, and properly protected 
to prevent damage. 

6.7.2.3.11 All manual stations used to release halon shall 
requit·e two separate and distinct actions for operation. They 
shall be properly identified. Particular care shall be taken 
where manual release devices for more than one system are in 
close proximity and could be confi.1sed or the wrong system 
actuated . Manual stations in this instance shall be clearly identi­
fied as to which zone or suppression area they affect. 

6.7.2.3.12 For systems \vith a main/ reserve capability, the 
main/ reserve switch shal l be properly installed, readily accessi­
ble, and clearly identified. 

6.7.2.3.13 For systems using abon S\vitches, the switches sha ll 
be of the deadman type requiring constant manual pressure, 
properly installed, readily accessible \vithin the hazard area, 
and clearly identified. Switches that remain in the abort posi­
tion when released shall not be used for this purpose. Manual 
pull stations shall always override abort switches. 

6. 7.2.3.14 The control unit shall be properly installed and 
readily accessible . 

6. 7.2.4 Functional Testing. 

6. 7.2.4.1 * Preliminary fi.mctional tests shall include the follow­
ing: 

(1) If the system is connected to an alat·m receiving office, 
the alarm receiving office shall b e notified that the system 
test is to be conducted and that an emergency response 
by the fire department ot- alarm station personnel is not 
desired. All concerned personnel at the end user's facility 
shall be notified that a test is to be conducted and insu·uc­
ted as to the sequence of opet·ation. 

(2) Each agent storage container release mechanism shall be 
disabled so that activation of the release circuit \viii not 
release agent. The t-elease cit-cuit shall be reconnected 
with a functional device in lieu of each agent storage 
container release mechanism. For elecu·ically actuated 
release mechanisms, these devices shall sometimes 
include 24-volt lamps, flash bulbs, or c ircuit breakers. 
Pneumatically actuated release mechanisms shall some­
times include pressure gauges. 

(3) Each initiating device shall be checked for proper 
response. 

(4) All polarized alarm devices and auxiliary relays shall be 
checked to ensure that polarity has been observed. 

(5) All end-of-line resistors shall be checked to ensure that 
they have been installed across the detection and alarm 
bell circuits where required. 

(6) All supervised circuits shall be checked for proper u-ouble 
response. 

(7) All supervisoty devices shall be checked for proper opera­
tion. 

6.7.2.4.2 System functional operational test shall include the 
following: 

(1) Operate detection initiating circuit(s) . All alarm func­
tions shal l occur according to the design specification. 

(2) Operate the necessary circuit(s) to initiate ha lon release. 
(3) Operate manual release. Verify that manual release func­

tions occur according to design specifications. 
(4) If supplied, operate abort switch circuit. Verify that abort 

functions occur according to this standard (see 4.3.5.3). 
Confirm that visual and audible supervisoty signals are 
received at the control panel. 
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(5) All automatic valves shall be tested unless testing the valve 
will release halon or damage the valve (desu-uctive test­
ing) . 

(6) \!\'here required, pneumatic equipment shall be checked 
for integrity to ensure pwper operation. 

6.7.2.4.3 Testing of remote monitoring operations, if applica­
ble, shall include the following: 

(1) Operate one of each type of input device while on 
standby power. Verif)' that an alarm signal is received at 
remote panel after device is operated. Reconnect primary 
power supply. 

(2) Operate each type of alarm condition on each signal 
cit-cuit and verify receipt of trouble condition at the 
remote station. 

6.7.2.4.4 Testing of the control panel primary power source 
shall include the following: 

(1) VerifY that the control panel is connected to a dedicated 
cit·cuit and labeled properly. This panel shall be readily 
accessible, yet restricted to unauthorized personnel. 

(2) A primary power failure shall be tested in accordance 
with the manufacturer's specification, with the system 
fully operated on standby power for the required design 
period. 

6.7.2.4.5 When all functional testing is completed, each agent 
storage container shall be reconnected so that activation of the 
release circuit will release the agent. The system shall be 
t-enu·ned to its fully operational design condition. 

Annex A Explanatory Material 

Annex A is not a pm·t of the mqui·remenL5 of this NFPA document but is 
included for informational purposes only. This annex contains explan­
atO"Iy material, numbered to CO"I"Tespond with the applicable text para­
graphs. 

A.l.3.2 For additional conversions and information see ASTM 
SilO. 

A.l.4.3 See NFPA 77. 

A.l.4.4 From a performance viewpoint, a total flooding system 
is designed to develop a concenu-ation of Ha lon 1301 that will 
extinguish fires in combustible materials located in an enclosed 
space. It must also maintain an effective concentration until 
the maximum temperamre has been reduced below the reig­
nition point. 

The concenu-ation of H alon 1301 required wi ll depend on 
the type of combustible matedal involved. This has been deter­
mined for many stu-face-type fires, particularly those involving 
liquids and gases. For deep-seated fires, the critical concentra­
tion required for extinguishment is less definite and has, in 
general, been established by practical test work. 

I t is important that an effective agent concenu-ation not only 
be achieved, but that it be maintained for a sufficient period of 
time to allow effective emergency action by u-ained personnel. 
This is equally important for all classes of fires since a persistent 
ignition source (e.g., an at-e, heat source, oxyacetylene torch, 
or "deep-seated" fire) can lead to a recurrence of the initial 
event once the agent has dissipated. Halon 1301 extinguishing 
systems normally pwvide protection for a period of minutes 
but are exceptionally effective for certain applications. \Vater 
supplies for standard sprinklers, on the other hand, are 
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normally designed to provide protection for an extended 
period of time. The designer, buyer, and emergency fo t-ce in 
particular need to closely review the advan tages and limitations 
of available systems as applied to the specific situation at hand, 
the residual risks being assumed, and the proper emergency 
procedures. 

The discharge of minimum extinguishing concentration of 
Halon 1301 into enclosures containing operating diesel 
engines not drawing combustion air from outside the space 
creates a special problem. Experience has shown that the 
engine will continue to operate, resulting in a decrease in 
agent concentration and extensive decomposition of the halon. 

A.l.5.1.2 The steps and safeguards necessary to prevent injury 
or death to personnel in areas where atmospheres will be made 
hazardous by the discharge or thermal decomposition of Halon 
1301 can include the following: 

(1) Provision of adequate aisleways and routes of exit and 
keeping them clear at all times. 

(2) Provision of emergency lighting and directional signs as 
necessary to ensure quick, safe evacuation. 

(3) Provision of alarms within such a reas that will operate 
immediately upon detection of the fire. 

( 4) Provision of only outward-swinging, self~closing doors at 
exits from hazardous areas, and, where such doors are 
latched, provision of panic hardware . 

(5) Provision of continuous a larms at entrances to such 
area~ until the atmosphere ha~ been restored to normal. 

(6) Provision of warning and instruction signs at entrances 
to and inside such areas. These signs should inform 
persons in or enteri ng the protected a rea that a H alon 
1301 system is installed, and can contain additional 
instructions perrin en t to the cond itions of the hazard. 

(7) Provision for prompt discovery and rescue of persons 
rendered unconscious in such areas. This can be accom­
plished by having such areas searched immediately by 
trained personnel equipped with proper breathing 
equipment. Self-contained breathing equipment and 
personnel u-ained in its use, and in rescue practices, 
including artificial respiration, should be readily availa­
ble . 

(8) Provision of instruction and drills for a ll personne l 
within or in the vicinity of such areas, including mainte­
nance or construction people wh o could be brought 
into the area, to ensw-e their correct action when H alon 
1301 protective equipment operates. 

(9) Provision of means for prompt ventilation of such areas. 
Forced ventilation will often be necessary. Care should 
be taken to really dissipate hazardous aunospheres and 
not merely move them to another location. Halon 1301 
is heavier than air. 

(10) Prohibition against smoking by persons until the atmos­
phere h as been purged of Halo n 1301. 

(11) Provision of such other steps and safeguards that a care­
fu l study of each parti cula r situation indicates are neces­
sary to prevent it"tiury or death . 

A.1.5.3 Halon system cylinders contain liquefied compressed 
gas that, if discharged from a cylinder that is not properly 
connected to system pipe, can propel the cylinder and other 
equipment with great force. Before d isconnecting cylinders 
from a system, proper safety precautions should be followed. 
Cylinder outlets should be fitted with antirecoil devices, listed 
or approved whenever the cylinder outlet is not connected to 
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the system pipe. Safe handling procedures should be followed 
to mmsport system cylindet·s. Actuators should be disabled or 
removed before the cylinder is released from its bracketing. 
Proper equipment should be used to transport cylinders, 
dollies, or carts, and means to secUt·e the cylinder should be 
used if cylinders need to be transported within a facility. (See 
CGA P-1.) 

Also consult equipment manufacturer representative for 
specific recommendations. 

Further information can be found in the EPA Safety Guide joT 
Decommissioning Halon Systems. This guide contains generic 
information for safe decommissioning of halon systems and 
manufacturer's specifications for handling specific equipment. 

A.3.2.1 Approved. The National Fire Protection A<>sociation 
does not approve, inspect, or certify any installations, proce­
dures, equipment, or materials; nor does it approve or evaluate 
testing labot·atories. In determining the acceptability of installa­
tions, procedures, equipment, or materials, the authority 
having jurisdiction may base acceptance on compliance with 
NFPA or other appropriate standards. In the absence of such 
standards, said authority may require evidence of proper instal­
lation, procedure, or use . The authority having jurisdiction 
may also refer to the listings or labeling practices of an organi­
zation that is concerned with product evaluations and is thus in 
a position to determine compliance with appropriate standards 
for the current pmduction of listed items. 

A.3.2.2 Authority Having Jurisdiction (Al-ij). The phrase 
"authority having jurisdiction," or its acronym AH], is used in 
NFPA documents in a broad mannet~ since jurisdictions and 
approval agencies vary, as do their responsibilities. vVhere 
public safety is primary, the authority having jurisdiction may 
be a federal, state, local, or other t·egional department or indi­
vidual such as a fire chief; fire marshal; chief of a fire preven­
tion bureau, labor department, or health department; building 
official; e lectrical inspectot·; or others having statutory author­
ity. For insurance purposes, an insurance inspection depart­
ment, rating bureau, or other insurance company 
t·ept·esentative may be the authot·ity having jw·isdiction. In 
many circumstances, the property owner or his or her designa­
ted agent assumes the role of the authority having jurisdiction; 
at government installations, the commanding officer or depart­
mental official may be the authority havingjurisdiction . 

A.3.2.3 Listed. The means for identifying listed equipment 
may vary for each organization concerned with pmduct evalua­
tion; some organizations do not recognize equipment as listed 
unless it is also labeled. The authority having jurisdiction 
should utilize the system employed by the listing organization 
to identify a listed product. 

A.3.3.3 Normally Occupied Area. Spaces occasionally visited 
by personnel, such as transformer bays, switch-houses, pump 
rooms, vaults, engine test stands, cable trays, tunnels, micro­
wave relay stations, flammable liquid storage areas, enclosed 
energy systems, and so forth, are examples of areas considered 
not normally occupied. 

A.4.1.2 Transfer of full Halon 1301 containers that do not 
change ownership does not require recycling or quality testing. 
V\There agent recycl ing is performed, it is recommended that 
the guidance of the HRC Code of Practice joT Halon Reclaiming 
Companies be followed. All othet· design features should comply 
with this standard. 
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A.4.2.1 Piping should be installed in accordance with good 
commercial practice . Care should be taken to avoid possible 
restrictions due to foreign matter, faulty fabrication, or 
improper installation. 

The piping system should be secmely supported with clue 
allowance for agent thrust forces and thermal expansion and 
contraction and should not be subje cted to mechanical, chemi­
cal, vibration, or other damage. ASME B31.1 should be consul­
ted for guidance on this mattet~ VI/here explosions are likely, 
the piping should be attached to support'> that are least likely 
to be displaced. 

Although halon systems are not subjected to continuous 
pressurization, some provisions s hould be made to ensure that 
the type of piping installed can withstand the maximum stress 
at maximum storage temperatures. Maximum a llowable stress 
levels for this condition should be established at values of 
90 percent of the minimum yield strength or 50 percent of the 
minimum tensile strength, whichever is less. All joint factors 
sh ould be applied after this value is determined. 

A.4.2.1.5 Pressure-operated cylinder valves are opened by the 
application of "pilot pressure" from the halon cylinder or from 
a separate pressure source . Depending on the particular valve 
design, the pilot pressure must be applied e ithet· to a special 
actuation port or to the discharge outl et of the cyl inder valve. A 
leak in source of pilot pressure can build up sufficient pressure 
in closed sections of p ilot actuation pipe to cause the cylinder 
valve to open. To prevent such accidental discharge, a pressure 
vent must be installed in any closed section of pipe that is used 
to supply pressure. The vent must be sized or otherwise 
designed so that when actuation is required, sufficient pilot 
pressure can be built up in the pi lot pipe or discharge mani­
fold to reliably open all cylinder valves. [See Table A.4.2.1.5(a) 
and Table A.4.2.1.5(b).] 

A.4.2.3 Information on specifi c fittings is provided as follows: 

( 1) 300 lb class malleable iron fittings, sizes through 3 in ., are 
acceptable. Forged steel fittings should be used for all 
larger sizes . Flanged joints should be 600 lb class. 

(2) 300 lb dass malleable iron fittings a re acceptable through 
3 in. internal pipe size, and 1000 ductile iron or forged 
steel fittings should be used in larger sizes. Flanged joints 
should be 300 lb class. 

(3) Pressure-temperature ratings have been established fo r 
cet·tain types of fittings. A list of ANSI standards covering 
the dilferent types of fittings is given in Table 126.1 of 
ASME B3 1.1. Where fittings not covered by one of these 
standards are used, the design 1·ecommendations of the 
manufacturer of the fittings should not be exceeded. 

The materials listed in (1) and (2) do not preclude the use 
of othet· materials that would satisfy the requirements of 4.2.3. 

A.4.2.5.3 The type and size of tl1e nozzle can be identified by 
part number, orifice code, orifice diameter, or other suitable 
markings. The marking should be readily discernible after 
installation. 

A.4.3.2.1 Detectors installed at the maximum spacing as listed 
or approved for fire alarm use could result in excessive delay in 
agent release, especially where more than one detection device 
is required to be in alarm before automatic acntation results. 

A.4.3.3.7 Manual controls should be located at the exit fi·om 
the enclosure, preferably on th e door latch side. 
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Table A.4.2.1.5(a) Minimwn Piping Requiremenls Halon 1301 Systems- 360 psi Charging Pressure 

Pipe/ Tubing Type and Joining Method Pipe/Tubing Specification Minimum Wall Thickness 

Steel Pipe - Threaded Connections ASTM A106 Seamless, Grade C 
ASTM Al 06/ A53 Seamless, Grade B 
ASTM Al06/ A53 Seamless, Grade A 
ASTM A53 ERW Grade B 

Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 1!!., in. NPS 
Schedule 80-2 in. through 8 in. NPS 

ASTM A53 ERW Grade A 
ASTM A53 Furnace Weld Class F 

Steel Pipe - Welded or Rolled Groove 
Connections 

ASTM Al06 Seamless, Grade C Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 6 in. NPS 

ASTM Al06/ A53 Seamless, Grade B 
ASTM A1 06/ A53 Seamless, Grade A 
ASTM A53 ERW Grade B 
ASTM A53 ERW Grade A 
ASTM A53 Furnace Weld Class F 

Steel Pipe- Cut Groove Connections ASTMA106 Seamless, Grade C 
ASTM A1 06/ A53 Seamless, Grade B 
ASTM A106/ A53 Seamless, Grade A 
ASTM A53 ERW Grade B 

Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in. through 5 in. NPS 
Schedule 80-6 in. through 8 in. NPS 
Schedule 40- Ys in. through 3 in. NPS 
Schedule 80-4 in. through 8 in. NPS 

ASTM A53 ERW Grade A 

ASTM A53 Furnace Weld Class F 

Copper Tubing - Compression Fittings ASTM B88 Seamless, Drawn 
ASTM B88 Seamless, Drawn 
ASTM B88 Seamless, Drawn 
ASTM B88 Seamless, Annealed 
ASTM B88 Seamless, Annealed 
ASTM B88 Seamless, Annealed 

Type K Y., in. through 8 in. 
Type L 11.\ in. through 3 in. 
Type M Y. in. through 1 ~ in . 
Type K Y,, in. through 1 in. 
Type L 11.\ in. through 'l--4 in. 
Type MY., in. ONLY 

A.4.3.5.3 The abort switch should be located near the means 
of egress fot· the area. Ab ort switches are generally not recom­
mended. 

A.4.3.6 Accidental discharge has been recognized as a signifi­
cant factot· in unwanted Halon 1301 emissions. 

Equipment lockout or service disconnecls can be insu·umen­
tal in preventing false discharges when the Halon 1301 system 
is be ing tested or serviced. In addition, servicing of air­
conditioning systems with the release of refrigerant aerosols, 
soldering, or turning electric plemun heaters on for the first 
time after a long pet·iod of idleness can trip the H alon 1301 
system. When used, an equipment service disconnect switch 
should be of the keyed-access type if external of the control 
panel N can be of the toggle type if within the locked control 
panel. Either type should annunciate at the panel when in the 
out-of·service mode. Written procedures should be established 
fot· taking the H alon 1301 system out of service . 

A.5.3.1 The authority having jurisdiction can require tests to 
ensure proper performance as defined by this standard. 

A.5.3.3 The design of total flooding Halon 1301 systems only 
beneath d1e raised floor of electronic data processing (EDP) 
facilities when the occupied space above the raised floor is not 
similady protected by a total flooding Halon 1301 system does 
not meet the intent of this standard. Such a design does not 
comply with the definition of a total fl ooding system or with 
this chapter. 
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A.5.4.1 Flammable liquid and gas fires are subject to prompt 
extinguishment when Halon 1301 is quickly inu·oduced into 
the enclosure in sufficient quantity to provide an extinguishing 
concentration for the particular materials involved. NFPA 69 
should be referred to when possible flammable concentrations 
of gases make explosion protection techn iques necessary. 

\<\There an explosion potential exists due to the presence of 
gaseous, volatile, or atomized fuels e ither before or following a 
fire, NFPA 68 and NFPA 69, covering vapor detection and 
explosion venting and suppression, should be consulted. In 
particular, exu·eme caution should be taken following inet·ti ng 
of a rich fuel-air mixture since comparunent leakage or venti­
lation will cause the mixnu·e to pass through the explosive 
range of concentrations when fi·esh air is admitted. 

A.5.4.1.2 The following are flame extinguishment considera­
tions: 

(1) Applicability of Flame l!.xtinguishment Concentrations. The 
minimum design concentration required to extinguish 
normal fires involving cet·tain flarrunable gases and 
liquids a t atmospheric pressure is applicable if the condi­
tions for reflash or explosion do not exist. 

(2) Temperature Sensitivity. The flame extinguishing concenu·a­
tion required for some fuels depends on th e fue l temper­
ature. All fuels should be tested at least at two 
temperatures to determine temperature sensitivity. 
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Table A.4.2.1.5(b) Minimmn Piping Requirements Halon 1301 Systems- 600 psi Charging Pressure 

Pipe/Thbing Type and Joining Method Pipe/Tubing Specification Minimmn Wall Thickness 

Steel Pipe - Threaded Connections ASTM Al06 Seamless, Grade C 
ASTM Al06/ A53 Seamless, Grade B 

Schedule 40- Ys in. through 8 in . NPS 
Schedule 40- Ys in. through 5 in. NPS 
Schedule 80-6 in. through 8 in. NPS 
Schedule 40- Ys in . through 2!t2 in. NPS 
Schedule 80- 3 in. through 8 in. NPS 
Schedule 40- !t2 in. through 3 in. NPS 
Schedule 80-4 in. through 8 in. NPS 
Schedule 40- Ys in. through 1 Y.t in . NPS 
Schedule 80- 1 !t2 in. through 8 in. NPS 
Schedule 40- Ys in. through !12 in. NPS 
Schedule 80- 'X in . through 2!12 in. NPS 
Schedule 120- 3 in. through 8 in. NPS 

ASTM A1 06/ A53 Seamless, Grade A 

ASTM A53 ERW Grade B 

ASTM A53 ERW Grade A 

ASTM A53 Furnace Weld Class F 

Steel Pipe - Welded Connections ASTM A106 Seamless, Grade C 
ASTM Al06/ A53 Seamless, Grade B 
ASTM A1 06/ A53 Seamless, Grade A 
ASTM A53 ERW Grade B 

Schedule 40- Ys in . through 8 in. NPS 
Schedule 40- Ys in. duough 8 in. NPS 
Schedule 40- Ys in. through 8 in. NPS 
Schedule 40- Ys in . duough 8 in. NPS 
Schedule 40- Ys in. through 6 in. NPS 
Schedule 80- 8 in. NPS 

ASTM A53 ERW Grade A 

ASTM A53 Furnace Weld Class F Schedule 40- Ys in. through 3 in. NPS 
Schedule 80-4 in. through 6 in. NPS 

Copper Thbing- Compression Fittings ASTM B88 Seamless, Drawn 
ASTM B88 Seamless, Drawn 
ASTM B88 Seamless, Drawn 
ASTM B88 Seamless, Annealed 
ASTM B88 Seamless, Annealed 
ASTM B88 Seamless, Annealed 

Type K \1:1 in . through 1 Y,, in. 
Type L \1:1 in. through % in. 
Type M Y, in . through % in. 
Type K Y.t in. through % in. 
Type L DO NOT USE 
Type M DO NOT USE 

(3) Special Fi.11J Consideration. Where high temperatures or 
pressures exist or can result fi·om delayed system activa­
tion and f01· configurations othet· than simple pool ot· gas 
jet fires, added tests specific to the intended application 
should be made. 

The basis ofTable 5.4.1.2 is covet·ed in this annex material. 

A.5.5.2 Halon 1301 discharged into an enclosure for total 
flooding will result in an air-agent mixture that ha~ a higher 
specific gravity than the air surrounding the enclosure. There­
fore, any opening in the walls of the enclosure will allow the 
heavier air-agent mixture to flow out of the enclosure, being 
t·eplaced with lighter outside ait· flowing into the enclosure 
through the same opening. The rate at which agent is lost 
through openings depends on the height and width of the 
opening, the location of the opening in the wall, and the 
concentration of agent in d1e enclosure. 

Fresh air entering the enclosure will collect toward d1e top, 
forming an inted·ace between the air-agent mixture and fresh 
air. As leakage proceeds, the interface will move toward the 
bottom of the opening. The space below the interface will 
contain essentially the original extinguishing concentration of 
agent, wherea~ the upper space will be completely unprotected. 
The rate at which the interface moves downward increases as 
concenu·ations of agent increase, so that simply injecting an 
overdose of agent initially will not provide an extended period 
of protection. 

A.5.6 At elevations above sea level, Halon 1301 vapor expands 
to a greater specific volume because of the reduced aunos­
phet·ic pressure. A system designed for sea-level conditions 'viii 
therefore develop an actual h igher concenu·ation at elevations 
above sea level. For example, a system designed to produce a 
6 percent Halon 1301 concentration at sea level would actually 
produce an 8.7 percent concenu·ation if installed at 10,000 ft 
(3000 m) elevation. This concentration would be h igher than 
recommended for normally occupied areas and \vith egress 
times longer than 1 minute. (See 5.2.6 and 5.2. 7.) 

To correct for this effect, the quantity indicated at sea-level 
conditions should be reduced for installations at higher eleva­
tions of altitude above sea level. Correction factors are given in 
Table A.5.6. 

For elevations substantially below sea level, the effect is the 
opposite of that described for elevations above sea level. For 
those instances, the reciprocal of the appropriate correction 
factor in Table A.5.6 should be used. 

A.5.7.1 The minimum rates established are considered 
adequate for the usual surface or deep-seated fire. However, 
where the spread of fire could be faster than normal for the 
type of fire, or where high values or vital machinery or equip­
ment are involved, rates higher than the minimums can, and in 
many cases should, be used. \-\There a hazard contains material 
that will produce bod1 surface and deep-seated fires, the rate of 
application should be at least the minimum required for 
surface fires. Having selected a rate suitable to the hazard, the 
tables and information that follow in the standard should be 
used, or such special engineering as is required should be 
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Table A.5.6 Correction Factors for Altitude 

Altitude 

ft 

3000 
4000 
5000 
6000 
7000 
8000 
9000 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 

m 

914 
1219 
1524 
1829 
2134 
2438 
2743 
3048 
3353 
3658 
3962 
4267 
4572 

Correction Factor 

0.90 
0.86 
0.83 
0.80 
0.77 
0.74 
0.71 
0.69 
0.66 
0.64 
0.61 
0.59 
0.56 

carried out, to obtain the pwper combination of container 
releases, supply piping, and orifice sizes that will produce this 
desired rate. 

A5.7.1.2 This point is distinguished by a marked change in 
both the sound and the appearance of the discharge. 

A.5. 7.2 Where leakage is appreciable and the design concen­
tration must be obtained quickly and maintained for an exten­
ded period of time, agent quantities provided for leakage 
compensation can be applied at a reduced rate. 

This type of application is particularly suitable for enclosed 
rotating electric apparams, such as generators, motors, and 
converters, and also could be needed for total flooding protec­
tion of deep-seated fires. 

The initial discharge should be completed within d1e limits 
specified in 5 .7.1 .2. 

A5.8.2 Of particulat· concern in maintaining the integrity of 
the enclosure is preventing the lifting of ceiling tiles. Clipping 
of ceiling tiles will prevent their movement during discharge. 

For a given type of nozzle, selection of the appmpriate 
nozzle discharge rate is critical to reducing the potential of 
damage due to discharging agent. Careful consideration of ceil­
ing type and consttuction, nozzle discharge characteristics, and 
installation methods is necessary. Maximum flow rates should 
be based on manufacturer's recommendations. 

A.6.1 Some protected area conditions could require inspec­
tions more frequent than semiannually. A service contract with 
an approved fire protection contractor is recommended. The 
inspection and test is to be conducted in accordance with the 
manufacturer's recommendations and procedures and appro­
priate NFPA standards and guides. Inspection criteria include 
but are not limited to the following: 

(1) Detection. All detectors are to be checked for proper 
alarm, supervision, and trouble functions. 

(2) Actuation. 

(a) Remove automatic actuation controls from agent 
containers. Test detection system to operate the 
necessary circuit(s) to simulate agent release. 

(b) Operate all manual devices to simulate agent 
release. 
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(c) After testing, reset a nd reinstall all acntation 
conu·ols. 

( 3) Containers. 

(a) Examine all containers for evidence of corrosion or 
mechanical damage. 

(b) Check container bracketing and supports to deter­
mine that their condition is satisfactory. 

( 4) Piping and Nozzles. 

(a) Examine piping for any evidence of cotTosion. 
(b) Examine pipe hangers and su·aps to see that the 

piping is securely supported. 
(c) Check nozzles for proper position and alignment 

and determine that the orifices are clear and unob­
suucted. 

(d) Check nozzle seals, if applicable, for signs of deteri­
oration and replace if necessary. 

(5) Auxilimy l!.quipment. 

(a) Operate a ll auxiliary and supplementary compo­
nents such as switches, door and window releases, 
inter-connected valves, damper releases, air­
handling equipment shutdown, and supplementary 
alarms to ensure that they are in pwper operating 
condition. 

(b) Return all devices to normal "operating" condition 
after testing. 

A6.1.4 The charging or rechat·ging of cylinders or d1e 
removal or transfer of agent should be done using a closed 
loop system. A closed loop system permits u·ansfer of halon 
between supply cylinders, system cylinders, and recovery cylin­
ders, with only minor loss of halon to the atmosphere. 

A6.7.2.2 See Annex B. The currently preferred method is 
using a blower door fan unit and smoke pencil. If quantitative 
results are recorded, these could be useful for comparison at 
fi.tntre tests. 

A6.7.2.3.8 Refer to NFPA 72 and the manufacnu·er's recom­
mended guide lines concern ing this area. 

A6.7.2.4.1 Refer to the manufacntrer's recommendations in 
all cases. 

Annex B Enclosure Integrity Procedure 

This annex is not a part of the 1'UJuirements of this NFPA document 
but is included fm· informational purposes only. 

B.l Procedure Fundamentals. 

B.l.l Scope. 

B.l.l.l This pwcedure outlines a method to equate enclosure 
leakage as determined by a door fan test procedure to worst­
case halon leakage. The calculation method provided makes it 
possible to predict the time it will take for a descending inter­
face to fall to a given height ot~ for the continually mixed cases, 
the time for the concentration to fall to a give n percen tage 
concentration. 

B.l.l.2 Enclosme integrity testing is not intended to verify 
other aspects of Halon 1301 syste m reliability, that is, hardware 
operability, agent mixing, hydraul ic calculations, and piping 
integt·ity. 
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B.l.l.3 This procedure is limited to door fan technology. This 
is not intended to preclude alternative technology such as 
acoustic sensors. 

B.l.l.4 This procedure should not be considered to be an 
exact model of a discharge test. The complexity of this proce­
dure should not obscure the fact that most failures to hold 
concentration are due to the 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 leak­
age 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. 

B.l.2 Limitations and Assumptions. 

B.l.2.1 Halon System Enclosure. The following should be 
considered regarding the halon system and the enclosure: 

( 1) Halrm System Design. This test procedure only concerns 
halon total flooding fire suppression systems using Halon 
1301 that are designed, installed, and maintained in 
accordance with this standard. 

(2) Enclosure Construction. H alon 1301-protected enclosures, 
absent of any containing barriers above the false ceiling, 
are not within the scope of this document. 

(3) Halon Concentration. Special consideration should be 
given to Halon 1301 systems with concentrations greater 
than 10 pet-cent where the concern exists that high 
concentrations could result in significant overpressures 
from the discharge event in an enclosure with minimal 
leakage. 

( 4) Enclosu·re Height. Special consideration should be given to 
high enclosures where the static pressure due to the 
Halon 1301 column is higher than the pressure possible 
to attain by means of the door fan. 

(5) Static Pressu1·es. vVhere at all possible, static pressure differ­
entials (HVAC system, e levator connections, etc.) across 
the enclosure envelope should be minimized during the 
door fan test. The test can be relied upon only for enclo­
sw·es having a range of static pressures outlined in 
B.2.5.2.3. 

B.l.2.2 Door Fan Measurements. The following shou ld be 
considered regat·ding the door fan and its associated measw·e­
ments: 

(1) Dom·Fan Standards. Guidance t·egardingfan pt·essurization 
apparatus design, maintenance, and operation is provi­
ded by ASTM E779 and CAN/CGSB-149.10-M86. 

(2) Attached Volumes. There can be no sign ifi cant attached 
volumes within or adjoining the enclosme envelope that 
will allow detrimental halon leakage that would not be 
measured by the door fan. Such an attached volume 
would be signifi cant if it is absent of any leakage except 
into the design envelope and is large enough to adversely 
affect the design concenu·ation. 

(3) Retum Path. All signifi cant leaks must have an unrestric­
ted 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 halon 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 
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using B.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 sh ort retention time predictions. 
Experience has shown that enclosures of this type can be 
capable of retaining halon for prolonged periods. 
However, in such cases the authot-ity having jurisdiction 
can waive the quantitative results in favor of a detailed 
witnessed leak inspection of a ll floors and wal ls with a 
doot· fan and smoke pencil. 

B.1.2.3 Retention Calculations. The following should be 
considered regarding the retention calculations and the associ­
ated theory: 

(1) Dynamic Discharge Pressun5. Losses due to the dynamic 
discharge pressures resulting from halon system actua­
tion are not specifically addressed. 

(2) Static Pressu1'f!. Variable external static pressure differen­
ces (wind, etc.) are additive and should be considered. 

(3) Temperatw'f! Diffe1'f!nces. \1\Then temperamre 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. 

( 4) Flo01· Area. The floor area is assumed to be the volume 
divided by the maximum height of the protected enclo­
sure. 

(5) Descending Interface. The enclosme integrity procedure 
assumes a sharp interface. When halon is discharged, a 
uniform mixture occurs. As leakage takes place, a ir 
enters the room. This procedure assumes that the 
incoming air rides on top of the remaining mixmre. In 
reality, the interface usually spreads because of diffusion 
and convection. These effects are not modeled because 
of their complexity. '"There a wide interface is present, 
the descending interface is assumed to be the midpoin t 
of a wide interface zone. Because of the conservatism 
built into the procedure, the effects of interface spread­
ing can be ignored. If continual mechanical mixing 
occurs, a descending interface might not be fot·med (see 
B.2.7.1.6). 

(6) Leak Flow Chamcteristics. All leak flow is one-dimensional 
and does not take into account stream functions. 

(7) Leak Flow Direction. A particular leak area does not have 
bidirectional flow at any point in time . Flow through a 
leak area is e ithe t· into or out of the enclosure. 

(8) Leak Discharge. The outflow from the leak d ischarges into 
an infinitely large space. 

(9) Leak Locations. Calculations at·e based on worst-case 
halon leak locations. 

(10) Halon DeliVCI)'· The calculations assume that the design 
concentration of halon will be achieved. If a suspended 
ceiling exists, it is assumed that the ha lon discharge will 
not result in d isplacement of the ceiling tiles. Increased 
confidence can be obtained if ceiling t iles are clipped 
within 4ft (1.2 m ) of the nozzles and all perimeter tiles. 

B.l.3 Definitions. For the purpose of Annex B, the following 
definitions apply. 

Attached Volumes. A space within or adjoining the enclosure 
envelope that is not protected by halon and cannot be provi­
ded with a clearly defined return path . 

Blower. The compon ent of the door fan used to move air. 
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Ceiling Slab. The boundary of the enclosure envelope at the 
highest elevation. 

Column Pressure. The theoretical maximum positive pres­
sure created at the floor slab by the column of the halon-air 
mixture. 

Descending Interface. The enclosure integrity procedure 
assumes a sharp interface. 'I'Vhen halon is discharged, a 
uniform mixture occurs. As leakage takes place, air enters the 
room. This procedure a~sumes 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 inter­
face 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 descend­
ing interface might not be formed. (See B.2. 7.1.6.) 

Door Fan. The device used to pressurize or depressurize an 
enclosure envelope to determine its leakage characteristics . 
Also called the fan pressurization appat·atus. 

Effective Floor Area. The volume divided by the maximum 
halon-protected height. 

Effective Flow Area. 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. 

Enclosure. The volume being tested by the door fan. This 
includes the halon-protected enclosure and any attached 
volumes. 

Enclosure Envelope. The floor, walls, ceiling, or roof that 
together constitute the enclosure. 

Equivalent Leakage Area (ELA). 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. For the purposes of this docu­
ment, the ELA is calculated at the column presstu·e. 

Fan Pressurization Apparatus. The device used to pressurize 
or depressurize an enclosure envelope to determine its leakage 
characteristics . Also called the door fan. 

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

Flow Pressure Gauge. The component of the door fan used 
to measure the pressure difference across the blower to give a 
value used in calculating the flow into or out of the enclosure 
envelope. 

Halon Protected Enclosure. The volume protected by the 
Halon 1301 system. 

Maximum Halon Protected Height. The design height of the 
halon column from the floor slab. This does not include the 
height of unprotected ceiling spaces. 

Minimum Halon Protected Height. The mmunum accepta­
ble height from the floor slab to which the descending inter­
face is allowed to fall during the retention time as specified by 
the authority having jurisdiction. 
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Return Path. The path outside the enclosure envelope that 
allows ait· to travel to/ fi·om the leak to/ from the door fan. 

Return Path Area. The effective flow area that the a ir being 
moved by the door fan must travel through to complete a 
retun< path back to the leak. 

Room Pressure Gauge. The component of the door fan used 
to measure the pressure differential across th e enclosure enve­
lope. 

Static Pressure Difference. The pressure d ifferential across 
the enclosure envelope not caused by the d ischarge process or 
by the weight of the Halon 1301. A positive static 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. 

B.2 Test Procedure. 

B.2.1 Preliminary Preparations. Contact the individua l(s) 
responsible for the Halon 1301-protected enclosme and estab­
lish, obtain, and provide the following preli minary informa­
tion: 

( 1) Provide a description of the test 
(2) Advise the time required 
(3) Determine the staff needed (to conu·ol traffic flow, set 

HVAC, etc.) 
(4) Determine the equipment required (e.g., ladders) 
(5) Obtain a desct·iption of the HVAC system 
(6) Establish the existence of a false ceili ng space and d1e 

size of ceiling tiles 
(7) Visually determine the readiness of the room with 

respect to the completion of obvious sealing 
(8) Determine if conflict \vith other building trades ,.,;u 

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 a ir 

(11) Evaluate other conflicting activities in and around space 
(e.g., interruption to the facility be ing tested) 

(12) Obtain appropriate architecmral HVAC and halon 
system design document~ 

B.2.2 Equipment Required. The following equipment is 
required to test an enclosure using fan pressurization technol­
ogy. 

B.2.2.1 Door Fan System. 

B.2.2.1.1 The door fan(s) should have a total airflow capacity 
capable of producing a pressure difference at least equal to d1e 
predicted column pressure or 10 Pa, whichever is greater. 

B.2.2.1.2 The fan should have a variable speed conu·ol or a 
control damper in series with the fan. 

B.2.2. 1.3 The fan should be calibrated in airflow units or be 
connected to an airflow metering system. 

B.2.2.1.4 The accuracy of a irflow measurement should be 
±5 percent of the measured flow t·ate. 

B.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 d ivisions of 2 Pa or less. 
Inclined oil-filled manometers are considered to be traceable 
to a prima1y standard and need not be calibrated. All other 



ANNEX B 

pressure-measurement apparatus (e .g., electronic transducer 
or mag·nehelic) should be calibt-ated at least yearly. 

B.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 cal i­
bration should be performed according to manufacturer's 
specifications. 

The certificate should include the following: 

(1) Description of calibration facility and responsible techni­
ctan 

(2) Date of calibration and serial number of door fan 
(3) Room pressure gauge error estimates at 0.002 in./ H g 

(7 Pa), 0.0029 in./ Hg (10 Pa), 0.0035 in./Hg (12 Pa) , 
0 .0044 in./Hg (15 Pa), 0.006 in./H g (20 Pa), and 
0.0118 in./Hg (40 Pa) measured by both ascending and 
descending pressures (min unum ) 

(4) Fan calibration at a minimum of three leakage areas 
(approximate): 5.38 ft2 (0.5 m2), 2.69 ft2 (0.25 m2), and 
0 .54 ft2 (0 .05 m2

) measured at a pt-essure of 
0.0029 in./Hg (10 Pa) 

B.2.2.1.7 A second blower or multiple blowers with flex duct 
and panel to flow to above ceiling spaces is optional. 

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

(1) Smoke pencil, fully charged (see Caution) 
CAUTION: Use of chemically generated smoke as a 
means of leak detection could result in activation of 
building or halon system smoke detectors. Appropriate 
precautions should be taken . Due to 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 
(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) Thet-mometet-

B.2.2.3 Field Calibration Check. 

B.2.2.3.1 This procedure enables the authority having jurisdic­
tion to obtain an indication of the door fan and system calibt-a­
tion accuracy upon request. 

B.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 B.2.4. Determine whether a static pressure exists using 
B.2.5.2. Check openings across the enclosure envelope for 
airflow with chemical smoke. If any appreciable flow or pres­
sure exists, choose another room or eliminate the source. 

B.2.2.3.3 Install a piece of rigid material less than Ys in. 
(3.2 mm) thickness (fi·ee of any penetrations) in an unused 
blower port or other convenient enclosure opening large 
enough to accept an approxitnately 0.01 m 2 sharp-edged row1d 
or square opening. 
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B.2.2.3.4 Ensure that the door fan flow measurement system is 
turned to properly measure pressurization or depressw-ization 
and operate the blower to achieve a convenient pressure differ­
ential, preferably 10 Pa. 

B.2.2. 3.5 At the pressure achieved, measure the flow and cali­
brate an initial ELA value using B.2.6.3. Repeat the ELA meas­
urement under positive pressure and average the two results. 

B.2.2.3.6 Create a sharp-edged round 01- square opening in 
the rigid material. The area of this opening should be at least 
33 percent of the initial ELA measured. Typica l opening sizes 
are approximately 0.5 ft2 (0.05 m2), 1.1 ft2 (0.1 m2), and 2.2 ft2 

(0.2 m2
), depending on the initial leakage of the enclosure. 

Adjust the blower to the previously used positive or negative 
pressure differential. Measure the flows and calculate an aver­
age ELA value using B.2.6.3. 

B.2.2.3. 7 Field calibration is acceptable if the difference 
between the first and second ELA value is with in ±15 percent of 
the hole area cut in the rigid material. If the difference in ELA 
values is gt·eater than ±15 percent, the door fan apparatus 
should be recalibrated according to the manufacturer's recom­
mendations and either ASTM E779 or CAN/CGSB-149.10cM86. 

B.2.3 Initial Enclosure Evaluation. 

B.2.3.1 Inspection. 

B.2.3.1.1 Note the areas out~ide the enclosure envelope that 
will be used to supply or accept the door fan air. 

B.2.3.1.2 Inspect a ll openable doors, hatches, and movable 
partitions for their ability to remain shut during the test. 

B.2.3.1.3 Obtain or generate a sketch of the floor plan show­
ing walls, doorways, and the rooms connected to the test space. 
Number or name each doorw·ay. 

B.2.3.1.4 Look for large attached vol umes open to the test 
space via the floor or walls of the test space. Note volumes and 
apparent open connecting areas. 

B.2.3.1.5 Check floor drains and sink drains for u-aps with 
liquid. 

B.2. 3.2 Measurement of Enclosure. 

B.2.3.2.1 Measure the halon-protected enclosure volwne. 
Record all dimensions. Deduct the volume of large solid 
objects to obtain the net volume. 

B.2.3.2.2 Measure the h ighest point in the halon-protected 
enclosure . 

B.2.3.2.3 Calculate the effective floor area by dividing the net 
halon-protected volume by the maximum halon-protected 
enclosure height. 

B.2.3.3 Preparation. 

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

B.2.3.3.2 Remove papers and objects likely to be affected by 
the air currents from the discharge of the door fan. 

B.2.3.3.3 Secure all doorways and openings as for a halon 
discharge. Post personnel to ensure they stay shut/ open. Open 
doorways inside the halon-protected enclosure even though 
they may be closed upon discharge. 
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B.2.3.3.4 Get the user's personnel and/or the halon contrac­
to1· to set up the room in the same state as when a discharge 
would occut~ that is, HVAC shut down, dampers closed, and so 
forth. Confirm that all dampers and closable openings are in 
the discharge mode position. 

B.2.4 Door Fan Installation. 

B.2.4.1 The door fan apparatus generally consists of a single 
door fan. A double or multiple door fan for larger spaces 01· for 
neutralizing leakage through a suspended ceiling can be used 
for certain applications. 

B.2.4.2 Set up one blower unit in the most convenient door­
way leading into the space. Choose the doorway d1at opens into 
the largest return path area. Consideration should be given to 
individuals requiring access into o1· out of the facility. 

B.2.4.3 Follow the manufacturer's instructions regarding 
setup. 

B.2.4.4 Befo1·e door fan installation, examine the sealing 
around the door that the fan will be mounted in to determine 
whether significant leakage exist5. If significant leaks are found, 
they should be corrected. If the manufacnu·er's stated door fan 
sealing system leakage is less than the apparent remaining leak­
age of the doorway, the difference must be added to the leak­
age calculated in B.2.6 (see B.2.6.3.5 ). 

B.2.4.5 Ensure that all pressure gauges are leveled and zeroed 
prior to connecting them to the fan apparants. This should be 
done by first gently blowing into or drawing fmm the tubes 
leading to the pressure gauges so the needle fluid or readout 
moves through its entire span and stays at d1e 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 rubes if necessary), zero the gauges with 
their particular adjusting method. 

B.2.4.6 Connect the tubing for the room pressure gauge. 
Ensw·e that the tube is at the floor slab e levation and extends 
at least 10ft away from the outlet side of the door fan blower, 
away from its air stream path and away from all significant air 
streams (i.e., HVAC airflows or openings where airflow could 
impinge on the ntbe) . 

B.2.4.7 The door fan should be arranged to alternately blow 
out of (depressurize) and blow into d1e space (pressurize) . 
Both measurements should be taken as described in B.2.6. 

B.2.5 Door Fan Enclosure Evaluation. 

B.2.5.1 Pressure Run-up Inspection. 

B.2.5.1.1 Activate the blower and adjust the enclosure pres­
sure to negative 15 Pa or maximum negative achievable (up to 
-15 Pa). 

B.2.5.1.2 Inspect all dampers with smoke to ensure that they 
are closing properly. Record problems and notify individuals 
1·esponsible fo1· the enclosure of the pmblems. 

B.2.5.1.3 Inspect doors and hatches to ensure correct closure . 
Record problems and notify individuals responsible for the 
enclosure of the problems. 

B.2.5.1.4 Inspect the wal l perimeter (above and below the 
false floor) and the floor slab for major leaks. Note location 
and size of major leaks. Track down majo1· airflow currents. 
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B.2.5.2 Static Pressure Measurement. 

B.2.5.2.1 Seal the blower opening with the door fan properly 
installed but without the blower operating. Observe me room 
pressure gauge for at least 30 seconds. Look for minor fluctua­
tions in pressure. 

B.2.5.2.2 Under pre-halon discharge conditions, measure me 
worst-ca~e (greatest) pressure d ifferential (PsH) across a section 
of envelope containing the largest quantity of leaks expected to 
leak halon. If the subfloor is p1·essurized a t discharge, measure 
me differential between me subfl oor and outside the envelope. 
Call this value PsH (for static at halon discharge) . Determine 
the flow direction wim smoke or other indicating memod. 

B.2.5.2.3 If the static pressme (PsH) has an absolute value 
greater than 25 percent of the colurrm pressure calculated in 
B.2.6.1.3, it must be permanently reduced. Large static pres­
sures decrease the level of certainty inherent in this procedure. 
The most common causes of excessive static p1·essure are leaky 
dampers and ducts and failure to shut down air-handling 
equipment serving the enclosure. 

B.2.5.2.4 Record me position of al l doorways, whether open 
or shut, when d1e static pressure (PSH) was measured. 

B.2.6 Door Fan Measurement. 

B.2.6.1 Total Enclosure Leakage Method. 

B.2.6. 1.1 This method determines the equivalent leakage area 
of me entire enclosure envelope. It is determined by measur­
ing the enclosure leakage under both positive and negative 
pressures and averaging the 1·eadings. This approach is used in 
order to minimize the influence of static pressmes on the ELA 
calculation. 

( 1) Block open all doorways around m e enclosure and post 
personnel to ensure tha t mey stay open. 

(2) Ensure that adequate 1·etmn path area is provided to 
allow an unrestricted rerum a irflow path back to me 
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 halon is designed to discharge above the false ceiling, 
remove l percent of the ceiling tiles. 

(5) Remeasure the static pressure (P:;r) at d1e time of me 
door fan test, benveen the room (not below the false 
floor) and the rentrn path space. 

(6) Make every effort to reduce the static pressure (P5T) by 
shutting down air-handling equipment even mough it 
can operate during discharge. 

(7) Record PsT and determine its d irection using smoke or 
other means. 

(8) Record the position of each doorway, open/shut. 
(9) If the static pressure fluc tuates due to wind, use a wind 

damping system incorporating four averaging tubes on 
each side of the building to eliminate its effects. The 
CAN/CGSB-149.10-M86 standard can be used. 

(10) If a subfloor pressurization a ir handler cannot be shut 
down for the test and leaks exist in the subfloor, these 
leaks might not be accurately measured. Every attempt 
should be made to reduce subfloor leaks to insign ifi­
cance. Dming the test as many floo1· tiles as possible 
should be lifted to reduce the amount of subfloor pres­
surization. Note that under such conditions the Suspen­
ded Ceiling Leakage Neuu·alization Method wiU be 
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difficult to conduct due to massive air turbulence in the 
room. 

CAUTION: The removal of raised floor tiles creates a seri­
ous safety hazard. Appropriate precautions should be taken. 

B.2.6.1.2 Calculate the column pressure in the halon­
protected enclosure using the following equation: 

P = rrH (T -T ) 
t' b o m a 

where: 
P, = pressure due to the halon column (Pa) 
g = acceleration due to gravity (9.81 m/ sec2

) 

H. = height of protected enclosure (m) 

[B.2.6.1.2] 

1·,. = halon / air mixture density (kg/m3
; see Equation 

B.2.7 .l.4) 
r. = air density (1.202 kg/ m3) 

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

B.2.6.1.3 Depressurize the enclosure with a door fan 
blower(s) until the measured pressure differential reading on 
the gauge (P,.) goes through a total pressure reduction (dP,.) 
equal to the column pressure (P,) . As an example, if the static 
pressure (P.~-1.) measured in B.2.6.1.1 was - 1 Pa and the calcula­
ted column pressure is 10 Pa, blow air out of the room until a 
P,. of - 11 Pa is obtained. If the static pressure (Ps,.) was + 1 Pa 
and the calculated column pressure is 10 Pa, blow air out of the 
room until a P,. of -9 Pa is obtained. If using magnehelic 
gauges, tap both the room pt-essure and flow pressure gauges 
for 10 seconds each. Wait a further 30 seconds before taking 
the readings. 

B.2.6.1.4 Measure the airflow ( Q.) required to obtain the 
pressure reduction (dPm) required. It is important to ensure 
that manufacturer insu-uctions are followed to ensure that 
airflow is accurately measured with respect to direction of flow. 

B.2.6.1.5 The pressure reduction generated dPm cou ld be up 
to 30 percent greater but not lower in absolute value than the 
calculated column pressure. 

B.2.6.1.6 Repeat B.2.6.1.3 through B.2.6.1.5 while pressurizing 
the enclosm-e. As an example, if the static pressure (PsT) meas­
ured in B.2.6.1.1 was - 1 Pa and the calculated column pressure 
is 10 Pa, blow air into the room until +9 Pais o btained. If the 
static pressure was+ 1 Pa and the calculated column pressure is 
10 Pa, blow air into the room until +11 Pais obtained. 

B.2.6.1.7 Ensure that the door fan flow measurement system is 
actually turned around between tests to properly measure pres­
surization or depressurization and that the motor rotation is 
not simply reversed. Ensure that the airflow entering the room 
is not deflected upward, which can cause lifting of any existing 
ceiling tiles. 

B.2.6.1.8 Measure the air temperature within the enclosure 
( 1~) and outside the enclosure ( 7'o) . 

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

B.2.6.2.1 ·when an unobstructed suspended ceiling exists, the 
leakage area below the ceiling can optionally be measured by 
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neutralizing ceiling leaks. This method can provide a more 
accurate estimate of halon leakage rates. 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 halon system is designed to protect above this suspended 
ceiling. This test method does not imply that leakage above the 
suspended ceiling is acceptable . T his technique can be difficult 
or impossible to perform under the following conditions: 

(1) Air movement within the room can make it difficult to 
obset-ve neutralization, particularly in smallt-ooms. 

(2) Obstructions above the suspended ceili ng, that is, beams, 
duct~, and partitions, can make it difficult to obtain 
uniform neutralization . 

(3) Limited clearance above the suspended ceil ing, for exam­
ple, less than 1 ft (0.3 m), can make it difficult to obtain 
neutralization . 

B.2.6.2.2 If not already done, obtain the equivalent leakage 
area of the halon-protected enclosure using the total enclosure 
leakage method in B.2.6.1. 

B.2.6.2.3 Ceiling leve l supply registers and return grilles can 
be temporarily sealed off to increase the accuracy of this 
method. If sealed, P5Tshould be remeasw-ed . 

NOTE: Temporary sealing of such openings is not permitted 
when conducting a Total Enclosure Leakage Test. 

B.2.6.2.4 Install two separate door fans or a multiple-blower 
door fan with one blower ducted to the above suspended ceil­
ing space and the other into the room space below the suspen­
ded ceiling. It is not necessary to measure airflow through the 
upper fan. 

B.2.6.2.5 Depressurize above and below the suspended ceiling 
by adjusting two separate blowers unti.l the required pressure 
reduction and smpenclecl ceiling leak neutralization (i .e., no 
airflow through the suspended ceiling) is achieved. 

Leaks are neuu·alizecl when at opened locations in the 
suspended ceiling smoke does not move up or clown when 
emitted within \-4 in. of the openings. If neutralization is not 
possible at all locations, ensure that smoke either does not 
move or moves clown (but not up) . Choose undisturbed loca­
tions away from flex duct flows, a irsu·eams, and lighting 
fixtures because local air velocities make neutralizati on difficult 
to detect. 

B.2.6.2.6 Measure the airflow ( QJ d1rough the fan d1at is 
depressurizing the volume below the false ceil.ing to obtain the 
pressure reduction (dP,.) required. 

B.2.6.2. 7 The pressure reduction ge nerated in the volume 
below the false ceiling can be up to 30 percent greater, but not 
lower, in absolute value d1an the calculated column pressure . 

B.2.6.2.8 Repeat B.2.6.2.5 through B.2.6.2.7 while pressurizing 
the enclosure except that smoke e ither does not move or 
moves up but not down. 

B.2.6.2.9 An alternate method for measuring the below­
ceiling leaks consists of temporat-ily sealing identifiable ceiling 
level leaks using a flex ible membrane, such as polyethylene 
sheet and tape, and then measuring the below-ceili ng leakage 
solely using door fans drawing from the lower part of the room. 
No flex duct is needed. Examples of sealable leaks are undam­
pered ceiling level supply registers or return grilles or an entire 
suspended ceiling lower surface. 
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B.2.6.3 Equivalent Leakage Area Calculation. 

B.2.6.3.1 Paragt-aph B.2.6.3 outlines the door fan calculation 
to be used in conjunction with B.2.6.1 and B.2.6.2. 

B.2.6.3.2 The leakage area is generally derived per CAN/ 
CGSB-149.10-M86. The CGSB document calculates area at 
10 Pa on ly, whereas this procedure calculates area at a mini­
mum of 10 Pa but allows for calculation at the halon column 
pressUt-e, which could be greater d1an 10 Pa. 

B.2.6.3.3 The airflow should be corrected for temperature if 
the difference between the temperantre of the a ir being blown 
through the door fan and the temperanu-e of the air going into 
or out of the leaks during d1e door fan test exceeds lOoC 
(l8°F) . If this condition exists, correct the flows as follows: 

where: 

(
T + 273)

0

.

5 

Q. = Q, 1~ + 273 

Q. = corrected flow (m3 /sec) 
Q,, = uncorrected flow (m3 /sec) 

[B.2.6.3.3] 

1~. = temperature of air going through mom leaks CC) 
7~ .. = temperature of air going through door fan (°C) 

NOTE: vVhen depressurizing, 7~ =TO> 1~= 1~. When pressur­
izing, Tt. = 7~, 7-;.. = T0 . 

B.2.6.3.4 For Equation B.2.6.3.3, corrections for barometric 
pressure are not necessary since they cancel out, and correc­
tions fot- humidity are too small to be of concern. No other 
corrections apply. If Equation B.2.6.3.3 is not used, then the 
following applies: 

[B.2.6.3.4] 

Q. = Q, 

B.2.6.3.5 After measurements are taken from pressurizing and 
depressurizing me enclosure, the leakage area in each direc­
tion should be calculated, and the results should be averaged . 
Each leakage area is calculated assum ing the density of air is 
1.202 kg/ m3 and me discharge coefficient for a hole in a flat 
plate (door fan) is 0.6 1. The equation is as follows: 

1.271Q. 

where: 
A = area ofleaks (m2) 

Q. = door fan flow, corrected (m3 /sec) 
P, = meastu-ed pressure from door fan gauge (Pa) 
P,,. = static pressure at time of door fan test (Pa) 

[B.2.6.3.5] 

The final value for A is determined by averaging the area~ 
obtained under bom a positive and a negative pressure. 
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B.2.6.3.6 Equation B.2.6.3.5 should be used for both the total 
enclosure leakage memod (B.2.6.1 ) and the optional suspen­
ded ceiling leakage neutralization method (B.2.6.2) . For 
B.2.6.1 , me area of leaks (A) equals the equivalent leakage area 
(./<.'LA) . For B.2.6.2, the area of leaks (A) equals the below ceil­
ing leakage area (BCLA) . 

B.2. 7 Retention Calculation. 

B. 2. 7 .I Calculation. 

B.2.7.1.1 Total Leakage Area. Calculate d1e total leakage area 
(A-r) using the equivalent leakage area (ELA) determined from 
the door fan measurements as per B.2.6.3. This calculation 
should be based on a discharge coefficient of 0.61 that is used 
with me door fan apparatus. The following equations apply: 

where: 

./<.'LA = A" + AI' 
2 

Ad = leakage area (depressurization) 
Ap = leakage area (pressurization ) 

A,.= 0 .61(El.A) 

where: 
A-r = total leakage area (m2

) 

ELA = equivalent leakage at-ea (m2
) 

[B.2.7.1.1a] 

[B.2.7.l.lb] 

B.2.7.1.2 Lower Leakage Area. If the leakage a t-ea is meas­
ttred using only B.2.6.1, Total Enclosure Leakage Method, then 
Equation B.2.7 .1.2a should be used to calculate me lower leak­
age area (Au_) . If me below ce iling leakage a rea (BCLA) is 
measured using B.2.6.2, Suspended Ceiling Neun·alization 
Med1od, Equation B.2.7.1.2b applies instead. These equations 
are as follows: 

Au. = 0.6l(BCLA) 

where: 
Au. = lower leakage area (m2

) 

BCLA = below ceiling leakage a rea (m2
) 

A-r = total leakage area (m2) 

[B.2. 7 .1.2a] 

[B.2.7.1.2b] 
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B.2.7.1.3 Leak Fraction. Determine the lower leak fraction B.2. 7.1. 7 Time. Calculate the mmtmum time (t) that the 
(FA) using the following equation: enclosure is expected to maintain the descending interface 

above (H), using the following equations: 

whet-e: 
1~1 = lower leak fraction 
A1_ = leakage area 

If FA is >0.5, make FA= 0.5. 

[B.2.7.1.3] 

B.2.7.1.4 Halon Mixture Density. Calculate the density of the 
Halon 1301/ air mixture (rm) using the following equation: 

c ( 100-c) 
1;. =6.28\oo + 1~----wo 

where: 
1·," = halon/ air mixture density (kg/ m3

) 

c =Halon 1301 concentration(%) 
1", = air density (1.202 kg/ m3 ) 

[B.2. 7 .1.4] 

B.2.7.1.5 Static Pressure. Determine the correct value for 
(PsH) to be used in Equation B.2.7.1.7b; if the (PsH) recot-ded is 
negative, let it equal zero (0); if it is positive, use the recot-ded 
value. 

B.2.7.1.6 Minimum H eight. 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. 

If continuous mechanical mixing occw-s during the reten­
tion time such that a descending interface does not form and 
the halon concentration is constant throughout the protected 
enclosure, calculate an assumed value for Hbased on the initial 
and final specified concentrations using the following equa­
tion: 

where: 
H = assumed value fot- H for mixing calculation 
c = actual Halon 1301 concenu-ation (%) 

[B.2.7.1.6] 

CF = final halon concenu-ation per authority having jurisdic­
tion requirement 

H. = maximum halon protected height 

Example: H. = 4 m, initial concentration= 7%, final= 5% , H 
= o/7 x 4 m = 2.86 m. Ensure that mixing is not created by duct­
work that leaks excessively to zones outside the enclosure. 

where: 
t = time (sec) 

C; = constant for equation simplification 
C.1 = constant for equation simplification 
An = room floor area (m2

) 

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

P.~H = static pressure during halon discharge (Pa) 
H. = height of ce iling (m) 
H = height of interface from floor (m) 

[B.2.7.1.7a] 

[B.2.7.1.7b] 

[B.2.7.1.7c] 

B.2.7.2 Acceptance Criteria. The time (t) that was calculated 
in B.2.7.1.7 must equal or exceed the holding time period 
specified by the authority having jurisdiction per 6.7.2.2. 

B.2. 7.3 Sample Calculation. 

B.2. 7.3.1 General. This section provides an example of leak­
age area calculations and retention calculations. Door fan 
measurements using the total enclosure leakage method 
(B.2.6.1 ) and the optional suspended ceiling leakage neuu-ali­
zation method (B.2.6.2) are both considered. 

B.2. 7.3.2 Enclosure and System Data. The following data 
regarding the enclosure and the halon system are provided: 

(1) Initial Halon 1301 concentration (c): 6.0% 
(2) Volume of halon-protected enclosure (V) : 153.2 m3 

(3) Height of halon-protected enclosure (H.): 2.7 m 
(4) Calculation static pressure measurement (PsH): -2.0 Pa 

(per B.2.5.2.2; smoke flows into room) 
(5) Door fan static pressure measurement (Psr): -1.0 Pa (per 

B.2.6.1.2; smoke flows into mom) 
(6) Temperature inside (7~) enclosure: 18°C 
(7) Temperature out~ide (T0) enclosure: 20°C 
(8) Minimum acceptable h alon height (H) : 2 m (j1er 

B.2. 7.1.6) 
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B.2. 7 .3.3 Preliminary Calculations. 

B.2.7.3.3.1 Calculate th e effective floor area (pe1· B.2.3.2.3) as 
fo llows: 

153.2 2 
AR =--=56. 7 m 

2.7 

[B.2.7.3.3.1] 

B.2.7.3.3.2 Calculate the colwnn pressure in the halon­
protected enclosm e (PJ using Equatio n B.2.6.1.2 (per 
B.2. 6.1.3). Equation B.2.6.1.2 requi res that the halon/ a ir 
mixture d ensity (r,.) be known. Thus, the halon/ air mixture 
density (r.,) is first calcula ted using Equation B.2.7.1.4 (pe1· 
B.2. 7.1.4) as follows: 

1" = 6.283_i_ + l.202(1oo -G) 
m }{)() 100 

= 0.377 + 1.130 

= 1.507 kg/m3 

P, = (9.81)(2.7)(1.507 - 1.202) 

= 8.1 Pa 

P, < 10 Pa; therefore P, = 10 Pa per B.2.6.1.3. 

[B.2. 7 .3.3.2a] 

[B.2. 7.3.3.2b] 

B.2.7.3.3.3 Determine the target depressur iza tion pressure 
range (per B.2.6.1.4 and B.2.6.1.6) for taking d oor fan measu re­
ments as follows: 

dep. target = - 1 - 10 = - 11 Pa 

pressu re range = - 1 - (10 x 1.3) = - 14 Pa 

B.2.7.3.3.4 Determ ine the target pressmization pressure 
range (pe1· B.2.6.1.7) fo r taki ng door fan measuremen ts as 
follows: 

pressure target = - 1 + 10 = +9 Pa 

pressure range = - 1 +( lO x 1.3) =+l2Pa 

B.2. 7 .3.4 Total Enclosure Leakage Method. 

B.2.7.3.4.1 Leakage Area Calculation. The fo llowing method­
ology should be used fo r the leakage area calculatio n: 

(1) Dep1·essurize the enclosure into the 11 Pa to 14 Pa range 
with the door fan . Measu re the airflow required and pres­
sure created (per B.2.6.1.4, B.2.6.1.5, and B.2.6.1.6) as 
fo llows: 
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[B.2.7 .3.4.la] 

Q, = 0.2046 m3/ sec(depressw·izing to - 12 Pa) 

(2) Pressurize th e enclosure into th e +9 Pa to + 12 Pa range 
with th e door fan. Measure the airflow required and pl·es­
sure created (perB.2.6.1.7) asfol!ows: 

[B.2.7.3.4.lb] 

Q .. = 0.3480 m3/sec(p,·essurizing to + 10 Pa) 

(3) Correct th e d oo r fan a irflow fo r th e temperature d iffer­
ence between the inside and outside enclosure tempera­
tures (per B.2.6.3.3). This correction is not necessary ifd1e 
temperature d ifference is less than lOoC (18°F) and is not 
needed for these sample calculatio ns; however, it is inclu­
ded herein for demo nstrative p urposes. Using Equation 
B.2.6.3 .5, this correction is as follows: 

(4) 

(a) For depressu rization, 

[B.2.7 .3.4.lc] 

Q = 0 .2046(
20 

+ 
273

)
0

.

5 

= 0.2053 m3/sec 
18+ 273 

(b ) For pressurization , 

[B.2.7.3.4.ld] 

(
18 + 273)

0
"
5 

Q = 0 .3480 = 0.3468 m3/sec 
20 + 273 

Calculate d1e leakage area (A) f rom th e d oor fan meas­
uremen ts (per B.2.6.3.5). Using Eq uatio n B.2.6.3.5, the 
calculations are as follows: 

(a) For d epressurization, 

[B.2.7.3.4.Ie] 

(1.271)(0.2053) 

A= 1-12 - 1 I 
~l-121 - Ji=1f 

= (1.271)(0.2053) = 0.1059 m2 

1~- 11 

(b ) For pressurization, 

[B. 2. 7. 3.4.1£] 

A = (1.271)(0.3468) 

1

10 - 1 I 

~-Ji=lf 

= (1.271)(0.3468) = 0.1059 m2 

IJIO + 11 
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(c) T he average is as follows: 

[B.2.7.3.4.lg] 

A= 0.1059 + 0.1059 = 0_1059 
2 

ELA = A = 0.1059 m2 

B.2.7.3.4.2 Retention Calculation. 

(1) Calculate the total leakage area (AT) using Equation 
B.2.7.1.1 b (per B.2. 7.1.1) as follows: 

[B.2. 7 .3.4.2a] 

AT= (0.61)(0.1059) = 0.0646 m2 

(2) Calculate the lower leak area (Au) using Equation 
B.2.7.1.2a (per B.2. 7.1.2) as follows: 

[B.2. 7.3.4.2b] 

0.0646 9 

A11 =---= 0.0323 m· ... 2 

(3) Calculate the leak fraction (F,,) using Equation B.2.7.1.3 
(pe1· B.2. 7.1.3) as follows: 

[B.2. 7 .3.4.2c] 

F = (0.0323) = O 5 
A (0.0646) . 

(4) Calculate the constants for equation simplification (~ 
and G1) using Equations B.2.7.1.7a and B.2.7 .1.7b (per 
B.2.7.1.7). Since the value for (P.m) is negative, tt ts set 
equal to zero (pm· B.2. 7.1.5). The calculatio ns are as 
follows: 

[B.2. 7 .3.4.2d] 

C
3 

= (2)(9.81)(1.507 - 1.20~) = 2_2090 

1.507 + 1.202[~]-
1- 0.5 

c = 2(0) = 0 
4 1.507 

[B.2. 7 .3.4.2e] 

(5) Calculate the m in imum time (t) that the enclosme is 
expected to maintain the descending interface using 
Equation B.2.7.1.7c (perB.2.7.1.7)asfo llows: 

[B.2. 7 .3.4.2£] 

t = 2 (56.7) ~(2.2090) (2.7) + 0 - ~=(2-=-. 20-::-:c9--::--;c0 )=(2-;-) +-::-0 

(2.2090)(0.5) (0.0646) 

= 11 3.4(0.3403) 
0.071 3 

= 540 sec= 9 min 
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B.2. 7.3.5 Suspended Ceiling Leakage Neutralization Method 
(Optional). 

B.2.7.3.5.1 Leakage Area Calculation. The following method­
ology should be used for the leakage area calculation: 

(1) Determine the equivalent leakage area (ELA) for th e total 
enclosure as described previously in B.2.7.3.4.1. The 
result is as fo llows: 

[B.2. 7 .3.5.1 a] 

l!.LA =0.1059 m2 

(2) Depressu rize the enclosure below the ceiling with the 
door fan into d1e - 11 Pa to - 14 Pa range. Measm e the 
airflow required and the pressure created (pe1· B.2.6.2.5, 
B.2.6.2.6, and 8.2.6.2. 7) as fo llows: 

[B.2.7.3.5.1b] 

Q, = 0.0512 m3/sec (depressurizing to - 12 Pa ) 

(3) Pressurize the enclosure below the ceiling with the door 
fan into the +9 Pa to +12 Pa range. Measme the airflow 
required and the pressure created (pe1· B.2.6.2.8) as 
follows: 

[B.2. 7 .3.5.1 c] 

Q, = 0.0871 m3/sec (pressmizing to + 10 Pa) 

(4) Correct the door fan airflow for th e te mperatme d iffer­
ence between d1e inside and outside enclosure tempera­
tures (per B.2.6.3.3). This cor rection is not necessary if the 
temperatu re difference is less than lOaC (l 8°F) and is not 
needed for these sample calculatio ns; however, it is inclu­
ded herein for demonstrative purposes. Using Equation 
B.2.6.3.3, this correction is as follows: 

(a) 

(b ) 

For depressurization, 

[B.2. 7.3.5.ld] 

Q= 0.0512[
20

+
273

]
05 

= 0.0514 m3/sec 
18 +273 

For pressurization , 

[B.2.7.3.5.le] 

[
18+273 ]

05 
3 Q. = 0.0871 = 0.0868 m /sec 

20 + 273 
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(5) Calculate the leakage area (A) from the door fan meas­
urements (per B.2.6.3.5). Using Equation B.2 .6.3.5, the 
calculations are as follows: 

(a) Fot· depressurization, 

(b) 

(c) 

[B.2. 7 .3.5.1 f] 

(1.271)(0.0514) 

A=l-12 - 1 I 
~l-121- JFi[ 

= {1.271)(0.0514) = 0.0265 m2 

l.fi2 -11 
Fot· pressurization, 

(1.271)(0.0868) 

A= 1-10 - 1 I 
£10i-JF1[ 

(1.271 )( 0.0868) 

100+11 
The average is as follows: 

[B.2.7.3.5.lg] 

0.0265 m2 

[B.2. 7.3.5.lh] 

A= 0.0265 + 0.0265 = 0.0265 m2 

2 
BCLA =A = 0.0265 m2 

B.2.7.3.5.2 Retention Calculation. Use the following for the 
retention calculation: 

( 1) Calculate the total leakage area (Ar) using Equation 
B.2.7.1.1b (per B.2. 7.1.1) as follows: 

[B.2.7.3.5.2a] 

~· = (0.61)(0.1059) = 0.0646 m2 

(2) Calculate the lower leakage area (Au) using Equation 
B.3.7.1.2b (per B.2. 7.1.2) as follows: 

[B.2. 7.3.5.2b] 

Au. = (0.6 1) (0.0265) = 0.0161 m2 

(3) Calculate the leak fraction (1~1) using Equation B.2.7.1.3 
(per B.2. 7.1.3) as follows: 

F = (0.0161) = 0.2492 
A (0.0646) 

[B.2. 7 .3.5.2c] 

(4) Calculate the constants for equation simplification (c; 
and C,1) using Equations B.2.7.1.7a and B.2.7.1.7b (per 
B.2. 7.1. 7). Since the value for (PsH) is negative, 1t ts set 
equal to zero (per B.2.7.1.5). The calculations are as 
follows: 
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[B.2. 7.3.5.2d] 

c = _(,_2 )'-'.( 9_. 8_1'--') (1_. 5=-0_7 _-1_. 2_0_,2 )'-::-

3 1.507 + 1.202[ 0.2492 ]2 
1- 0.2492 

c = 2(0) = 0 
•I 1.507 

[B.2.7.3.5.2e] 

(5) Calculate the minimum time (t) that the enclosure is 
expected to maintain the descending interface using 
Equation B.2.7.1.7c (per B.2. 7.1. 7) as follows: 

[B.2. 7.3.5.2f] 

( ) 
~(3.6502)(2.7) + 0- ~(3. 6502)(2) + 0 

t = 2 56.7 ..!..:.._-:--:..:_--c--:-----':':--....:..,:'--'--
(3.6502) ( 0.2492) (0.0646) 

= 113.4 0.4374 
0.0588 

= 840 sec= 14 min 

B.2.7.3.6 Sample Calculation Results. The minimmn time (t) 
that the enclosure is expected to maintain the descending 
interface above height (H) is 9 minutes using the Total Enclo­
sure Leakage Method and 14 minutes using the optional 
Suspended Ceiling Leakage Neutralization Method. Both of 
these predictions are conservative, and the actual time is expec­
ted to be gt·eater than these values. Because the optional 
Suspended Ceiling Leakage Netmalization Method is more 
accurate, its result~ are closer to what will acntally occur. 

B.2.8 Leakage Control. 

B.2.8.1 Leakage Identification. 

B.2.8.1.1 vVhile the enclosure envelope is being pressurized or 
dept·essurized, a smoke pencil or other smoke source should be 
used to locate and identifY leaks. The smoke source 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 on ly in small quantities, and consideration should be 
given to the corrosive nantre of certain chemical smokes and 
their effects on the facility being tested. 

B.2.8.1.2 Leakage identification should focus on obvious 
points of leakage including wall joints, penetrations of a ll 
kinds, HVAC ductwork, doors, and windows. 

B.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 d1e barrier and searching for acous­
tic transmission independent of fan pressurization or depressu­
t·ization . Another alternative is to use an infrared scanning 
device if temperature differences across the boundaty are suffi­
cient. 



B.2.8.2 Leakage Alteration. 

B.2.8.2.1 Procedure. 

ANNEX C 

B.2.8.2.1.1 Protected areas should be enclosed with wall parti­
tions that extend from the floor slab to ceiling slab or floor slab 
to roof. 

B.2.8.2.1.2 If a raised floor continues out of the halon­
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 required for ductwork. 

B.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 walL5 intersect with the ceiling slab or 
roof above. 

B.2.8.2.1.4 Porous block walls should be sealed slab-to-slab to 
prevent ga5 from passing through the block. Multiple coats of 
paint could be required. 

B.2.8.2.1.5 All doors should have door sweeps or drop seals on 
the bottoms, weather stripping around the jambs, latching 
mechanisms, and door-closer hardware. In addition, double 
doors should have a weather-stripped astragal to prevent leak­
age benveen doors and a coordinator to ensure proper 
sequence of closure. 

B.2.8.2.1.6 Windows should have solid weather stripping 
around a ll j oints. 

B.2.8.2.1.7 All unused and out-of-service ducnvork leading 
into or from a protected area should be permanently sealed off 
(airtight) with metal plates caulked and screwed in place. Duct­
work still in service with the building a ir-handling uni t should 
have butterfly blade-type dampers installed with neoprene 
seals. Dampers should be spring-loaded or motor-opet·ated 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. 

B.2.8.2.1.8 All floor drains should have u·aps, and the traps 
should be designed to have water or other compatible liquid in 
them at a ll times. 

B.2.8.2.2 Materials. 

B.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 enclo­
sure. 

B.2.8.2.2.2 Exposed cellular plastics should not be used for 
a ltet"ing leakage unless considered acceptable by tl1e authority 
havingjurisdiction . 

B.2.8.2.2.3 Cable openings or other penetrations into the 
enclosme envelope should be fi.restopped with material that is 
compatible with the fire rating of the barrier. 
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B.2.9 Test Report. 

B.2.9.1 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 tl1e test 
(3) Room dimensions and volume 
(4) All data generated during test, including computer print­

outs 
(5) Descriptions of any specia l techniques utilized by the test 

technician (i.e. , use of optional ceiling neutralization and 
temporary sealing of suspended ceiling) 

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

(7) Test equipment make, model, and seria l number 
(8) Copy of cmren t calibration certificate of test equipment 
(9) Name and affiliation of testing technician, and signature 

Annex C Halogenated Extinguishing Agents 

'17zis annex is not a pm·t of the -requirements of this NFPA document 
but is included fm· info1'mational purposes only. 

C.l Introduction. A halogenated compound is one that 
contains one or mot·e atoms of an element from the halogen 
series, which includes fluorine, chlorine, bromine, and iodine. 
'<\Then hydrogen atoms in a hydrocarbon compound, such as 
methane (CH4 ) or ethane (CH3CH 3), are t·eplaced with ha lo­
gen atoms, the chemical and physical properties of the result­
ing compound are markedly changed. Methane, for example, 
is a light, flammable gas. Carbon tetrafluoride (CF4), also a gas, 
is chemically inert, nonflammable, and extremely low in toxic­
ity. Carbon tetrachloride (CCl1) is a volati le Liquid that not only 
is nonflammable, but also was widely used for many yeat·s as a 
fire extinguishing agent in spite of its rather high toxicity. 
Carbon tetrabromide (CBr4) and carbon tetraiodide (CL1) are 
soli cls that decompose easily under heat. Generally, the pres­
ence of fluorine in the compound increases its inertness and 
stability; the presence of other halogens, particularly bromine, 
increases the fire extinguishing effectiveness of the compound. 
Altl10ugh a vet)' large number of halogenated compounds 
exist, only the following five have been used to a significant 
extent as fire extinguishing agents: 

(l) Halon l 011, bromochloromethane, CH 2BrCl 
(2) Halon 1211, bromochlorodifluoromethane, CBrClF2 

(3) Halon 1202, dibromodifluoromethane, CBr2F2 

(4) H alon 1301, bromou·ifluoromethane, CBrF3 

(5) Halon 2402, dibromotetra.fluoroethane, CBrF2CBrF2 

C.2 Halon Nomenclature System. The halon system fot· 
naming halogenated hydrocarbons was devised by the US Army 
Corps of Engineers to provide a convenient and quick means 
of reference to candidate fire extinguishing agents. The first 
digit in the number represents the number of carbon atoms in 
the compound molecule; the second d igit, the number of fluo­
rine atoms; the third d igit, the number of chlorine atoms; the 
fourth digit, the number of bromine atoms; and the fifth digit, 
the number of iodine atoms. Terminal zeros are dropped. 
Valence t·equirements not accounted for are assumed to be 
hydrogen atoms (number of hydrogen atoms= first digit times 
2, plus 2, minus tl1e sum of the remaining d igits). 
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C.2.1 Halon 1301. Halon 1301 chemically is bromotrifluoro­
methane, CBrF3• Its cumbersome chemical name is often short­
ened to "bromotri" or even furd1er to "BT." The compound is 
used as a low-temperature refrigerant and as a cryogenic fluid, 
as well as a fire extinguishing agent. 

C.2.1.1 Physical P roperties. A list of important physical prop­
erties of Halon 1301 is given in Table C.2.1.l. Under normal 
conditions, Halon 1301 is a colorless, odorless gas with a 
density approximately five times that of air. It can be liquefied 
upon compression for convenient shipping and storage. Unlike 
carbon dioxide, Halon 1301 cannot be solidified a t tempera­
tures above -270°F (- 167.8°C) . 

The variation of vapor pressure with temperature for Halon 
1301 is shown in Figure C.2.l.l(a) and Figure C.2.1.l(b) 
(Metric) . As the tempet·ature is inet·eased, the vapot- pressure 
and vapor density increase and the liquid density decreases, 
until the critical temperature of 152.6°F (67°C) i.s reached. At 
this point, the densities of the liquid and vapor phases become 
equal and the liquid phase ceases to exist. Above the critical 
temperature, the material b ehaves as a gas, but it can no longer 
be liquefied at any pressure. 

C.2.1.2 Fire Extinguishment Characteristics. Halon 1301 is an 
effective fire extinguishing agent d1at can be used on many 
types of fires. It is effective in extinguishing su rface fires, such 
as flammable liquids, and on most solid combustible materia ls 
except for a few active metals and metal hydrides and materials 
that contain their own oxidizer, such as cellulose niu·ate and 
gunpowder. 

Table C.2. 1.1 Physical Prop erties of Halon 1301 

Molecular weight 
Boiling point at 1 aun 
Ft·eezing point 
Critical rem perature 
Critical pressure 
Critical volume 
Critical density 

Physical Proper ties 

Specific heat, liquid, at 77°F (25°C) 
Specific heat, vapor, at constant pressure (1 atm ) and 77°F (25°C) 
Heat of vaporization at boiling point 
Thermal conductivity ofliquid at 77°F (25°C) 
Viscosity, liquid, at 77"F (25°C) 
Viscosity, vapor, at 77°F (25°C) 
Surface tension at 77°F (25°C) 
Refractive index ofliquid at 77°F (25°C) 
Relative dielectric strength at 1 atm, 77°F (25°C) (nitrogen= 1.00) 
Solubility of Halon 1301 in water at 1 atm 77°F (25°C) 
Solubility of water in Halon 1301 at 700F (21 °C) 
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C.2.1.3 Extinguishing Mechanism. The mechanism by wh ich 
Halon 1301 extinguishes fires is not thoroughly known; neither 
is the combustion process of the fi re itself. It appears, however, 
to be a physicochemical inhibition of the combustion reactio n. 
Halon 1301 has a lso been refened to as a "chain breaking" 
agent, meaning that it acts to break th e cha in reaction of the 
combustion process. Halon 1301 dissociates in the flame into 
two t·adicals: 

[C.2.1.3a] 

CBrF~ --7 CF~ + Br 

Two inhibiting mechanisms have been proposed , one that is 
based on a free radical process, and ano d1er based on ioni c 
activation of oxygen during combustion . 

The "free radical" the ory supposes that the bromide radical 
react~ with the fuel to give hydrogen bromide, 

[C.2.1.3b] 

which then react~ with active hydroxyl radicals in the reac­
tion zone: 

[C.2.1.3c] 

HBr + OH•--7 H P + Bro 

US Customary 

148.93 
- 71.95°F 
-270°F 
152.6°F 
575 psia 
0.0215 ft3 / lb 
46.5 lb/ ft3 

0.208 Btu/ lb-°F 
0.1 12 Btu/ lb-°F 
51.08 Btu/ lb 
0.024 Btu/ hr-ft-°F 
1.01x 104 lb/ ft-sec 
l.08x 10-5 lb/ ft-sec 
4 dynes/ em 
1.238 
1.83 
0.03% by weight 
0.0095% byweight 

148.93 
- 57.75°C 
- 168°C 
67.ooc 
39.6 bar 

SI 

0.000 276 m3 / kg 
745 kg/ m3 

870 J / kg-°C 
469 j / kg-°C 
118.8 kj/kg 
0.85W/ m-K 
1.59x 104 Centipoise 
1.63x 1 o-5 Centipoise 
0.004 N/ m 
1.238 
1.83 
0 .03% by weight 
0.0095% by weight 
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The bromide radical again reacts with more fuel, and so on, 
with the result that active H• , OH•, and 0: radicals are 
removed, and less reactive alkyl radicals are produced. 

The "ionic" theory supposes that the uninhibited combus­
tion process includes a step in which 0 2-ions are fonned by the 
capmre of electrons that come from ionization of hydrocarbon 
molecules. Since bromine atoms have a much higher cross 
section for the captm·e of slow electrons than 0 2, the bromine 
inhibits the reaction by removing the elecu·ons that are needed 
for activation of the oxygen. 

Ponable Ha lon 1301 extinguishet·s are covered in NFPA 10. 

Annex D Hazards to Personnel 

This annex is not a pa·rt of the 1·equirements of this NFPA document 
but is included for informational purposes only. 

D.l Hazards to Personnel. The discharge of Ha lon 1301 to 
extinguish a fire can create a hazard to personnel from the 
namral Ha lon 1301 itself and from the products of decomposi­
tion that result from exposure of the agent to the fire or other 
hot surfaces. Exposure to the natural agent is generally of less 
concern than is exposure to the decomposition products. 
However, unnecessary exposure of personnel to eitl1er the 
natural agent or to the decomposition products should be avoi­
ded. 

Other potential hazards to be considered for individual 
systems are as follows: 

( 1) Noise. Discharge of a system can cause noise loud enough 
to be startling but ordinarily insufficient to cause trau­
matic injury. 

(2) Tttrbulence. High-velocity discharge from nozzles can be 
sufficient to dislodge substantial objects or injure people 
directly in the path. System d ischarge can also cause 
enough general turbulence in the enclosm·es to move 
unsecured paper and light objects. 

(3) Cold Temperatw-e. Direct contact vvith the vaporizing liquid 
being discharged from a Halon 1301 system has a stt·ong 
chill ing effect on objects and can cause frostbite burns to 
the skin. The liquid phase vaporizes rapidly when mixed 
with ait· and tl1us limits the hazard to the immediate vicin­
ity of the discharge point. In humid atmospheres, minor 
reduction in visibility can occur for a brief period due to 
the condensation of water vapor. 

D.2 Natural or Undecomposed Halon 1301. When Halon 
1301 is used in systems designed and installed according to this 
NFPA standard, risk to exposed individuals is minimal. I ts toxic­
ity is very low in both animals and humans. The main physio­
logic actions of Halon 1301 at high inhaled levels are central 
nervous system (CNS) depression and cat·diovascular effects. 

D.2.1 Animals. Halon 1301 has a 15-minute approximate 
lethal concentration (ALC) of 83 percent (02 added) (Paulet, 
1962), suggesting a very low degree of acute inhalation toxicity. 
In monkeys and dogs, mild CNS effects occur after a few 
minutes of exposure above IO percent, progressing to lethargy 
in monkeys and tremors and convulsion in dogs at leve ls above 
20 pet·cent (Van Stee et a l., 1969) . 

Spontaneous effects on blood pressure and cardiac rhythm 
occur at much h igher levels, approximately 20 percent and 40 
percent, respectively (Van Stee et a l. , 1969). 
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It has also been known since the early 1900s that the inhala­
tion of many halocarbons and hydrocarbons, like carbon tetra­
chloride and hexane, can make the heart abnormally sensitive 
to elevated adrenalin leve ls, resulting in cardiac arrhythmia 
and possibly death . This phenomenon has been referred to as 
cardiac sensitization . Halon 1301 can also sensitize the heart, 
but only at high inhaled levels. For example, in standard 
cardiac sensitization screening smdies in dogs using 5-minute 
exposures and large doses of injected adrenalin , the threshold 
for sensitization is in the 7.5 to 10 percent range (Clark, 1970) . 

In other smdies on dogs, a cenain critical blood leve l was 
a~sociated \'lith inspired levels needed to sensitize the heart. 
With exposure to Halon 1301, a relatively insoluble fluorocar­
bon, blood concentrations rise rapidly, equilibrate \'lithin 5 to 
10 minutes, and fall rapidly upon cessation of exposure. There 
is no accumulation of Halon 1301 as indicated by similar blood 
concentration at 5 to 10 minutes and at 60 minutes of expo­
su re. vVhen dogs exposed to H a lon 1301 for 60 mi nutes are 
given a large dose of adrenalin, the threshold for cardiac sensi­
tization remains the same as for 5-minute exposures- 7.5 to 
IO percent. In addition, smdies have shown that sensi tization is 
only a temporary effect, since adrenalin injections given 
10 minutes after exposure to known sensitizing levels have not 
resulted in arrhythmias (Trochimowicz et a l., 1974) . 

All percentage levels in this section refer to volumetri c 
concentrations of Halon 1301 in a ic 

Using tl1e standard cardiac sensitization test protocol and 
la rge doses of adrenali.n, dogs with experimentally induced 
myocardial infarction were tested to determine whether this 
type of heart condition might significantly lower the threshold 
for cardiac sensitization (Trochimowicz e t al. , 1978) . Results on 
H alon 1301 showed no greater potential for cardiac sensitiza­
tion among dogs having recovered from myocardial infarction 
than for normal, healthy animals. 

Ha lon 1301 has also been tested fm mutagenic and terato­
gen ic effects. In a standard 48-hour Ames Test at levels of 
40 percent, no evidence of mutagenicity was seen in Salmonella 
typhimu:rium bacteria with or \'lithout metabolic activation. Preg­
nant rats exposed to Halon 1301 at levels as high as 5 percent 
exhibited no embryotoxic or teratogenic effects. 

The preceding animal studies show that Halon 1301 is very 
low in toxicity. Although high inhaled levels can affect the CNS 
and cardiovascular system, such effects are rapidly and 
completely reversible upon removal from exposure if the expo­
sure conditions were not severe en ough to produce death. 

D.2.2 Humans. The very low toxicity of H a lon 1301 in animal 
studies has been confirmed by over 20 years of safe manufac­
ture and use. There has never been a death or any permanent 
it!iury associated with exposure to Halon 1301. 

Exposure to Halon 1301 in the 5 to 7 percent range produ­
ces little, if any, noticeable effect. At levels between 7 and 
10 percent, mild CNS effects such as d izziness and tingli ng in 
the exu·emities have been reported. Above 10 percent, some 
subjects report a feeling of impending unconsciousness after a 
few minutes, although test subjects exposed up to 14 percent 
for 5 minutes have not acmaUy lost consciousness (Clark, 
1970) . These types of CNS effects were completely reversible 
upon removal from exposure. 

In many expet·imental smdies on humans, no subj ect has 
ever had a serious arrhythmia at Halon 1301 levels below 
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10 percent. One arrhythmia has been observed at a 14 percent 
level after a few minutes of exposure, but the subject reverted 
to a normal rhythm upon removal to fresh air (Hine Laborato­
ries, 1968) . In smdies at the Medical College of Wisconsin 
(Stewart et al., 1978), exposure to Halon 1301 up to 
7.1 percent for 30 minutes did not produce sufficient adverse 
effect~ to harm, confuse, or debilitate human subjects or 
prevent them fi·om perfonning simple mechanical tasks, follow­
ing instru ctions, or exiting from the Halon 1301 exposure area. 
In addition, these subjects experienced no signifi cant EKG or 
EEG abnormalities during or after exposure. 

It is considered good practice to avoid all unnecessary expo­
sure to Halon 1301 and to limit exposures to the following 
times: 

(1) 7 percent and below- 15 minutes 
(2) 7 to 10 percent-} minute 
(3) 10 to 15 percent- 30 seconds 
( 4) Above 15 percent- prevent exposure 

Anyone suffet-ing from the toxic effects of Halon 1301 vapors 
should immediately move or be moved to fresh a ir. In treating 
persons suffering toxic effects due to exposure to this agent, 
the use of epineplu-ine (adrenaline) and similar (lt-ugs must be 
avoided because they can produce cardiac arrhythmias, includ­
ing ventricular fibrillation . 

Halon 1301 is colorless and odorless. Discharge of the agent 
can create a light mist in the vicini ty of the discharge nozzle, 
resulting from condensation of moisture in the air, but the mist 
,-arely persist~ after discharge is completed. Thus, litde hazard 
is created from d1e standpoint of reduced visibility. Once 
discharged into an enclosure, it is difficult to detect its pres­
ence through normal human senses; in concentrations above 
approximately 3 percent, voice characteristics are changed due 
to the increased density of the agent/ air mixture. 

In total flooding systems, the high density of Halon 1301 
vapor (five times that of air) requires the use of discharge 
nozzles that will achieve a well-mixed atmosphere to avoid local 
pockets of higher concentration. Once mixed into the air, the 
agent will not setde out. 

D.3 Decomposition Products of Halon 1301. Although Halon 
1301 vapor has a low toxicity, its decomposition products can 
be hazardous. The most accepted theory is that the vapor must 
decompose before Halon 1301 can inhibit the combustion 
reactions (see 1.4.1). The decomposition takes place on expo­
sure to a flame or to a hot surface at above approximately 
900°F (482°C) . In the presence of available hydrogen (from 
water vapor or the combustion process it~elf), the main decom­
position products are the halogen acids (HF, HBr) and free 
halogens (Br2 ) with sma ll amounts of carbonyl halides (COF2, 

COBr2) . 

The decomposition products of Halon 1301 have a charac­
teristic sharp, aet-id odor, even in minute concentrations of 
only a few parts per million. This characteristic provides a built­
in warning system for the agent, but at the same time creates a 
noxious, irritating atmosphere for those who must enter the 
hazard following the fire . 

The amount of Halon 1301 that can be expected to decom­
pose in extinguish ing a fit-e depends to a large extent on the 
size of the fire, the concenu-arion of Halon vapor, and the 
length of time that the agent is in contact with flame or heated 
surfaces above 900°F ( 482°C) . If there is a very rapid buildup 
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of concentration to the critical value, th e fire will be extin­
guished quickly, and there will be litde decomposition. The 
actual concentration of the decomposition products must then 
depend on the volume of the room in which the fire was burn­
ing and on the degree of mixing and ventilation . For example, 
extinguishment of a 25 ft2 (2.3 m2) heptane fire in a 10,000 ft3 

(283 m 3) enclosure within 0.5 second produced only 12 ppm 
HF. A similar test having an extinguishment time of 10 seconds 
produced an average HF level of 250 ppm over a 9-minute 
period. 

Clearly, longer exposure of th e vapor to temperatures in 
excess of 900°F ( 482°C) would produce greater concenu-ations 
of these gases. The type and sensitivity of detection, coupled 
with the rate of discharge, should be selected to minimize the 
exposure time of the vapors to the elevated temperature if the 
concentration of breakdown products must be minimized. In 
most cases the area would be untenable for human occupancy 
due to the heat and breakdown products of the fire itself. 

Annex E Storage Containers 

This annex is not a part of the 1·equirements of this NFPA document 
lntt is included fm· informational pu1poses only. 

E.l Storage Containers. Storage containers for Halon 1301 
must be capable of withstanding the total pressure exerted by 
the Halon 1301 vapor plus the nitrogen partia l pressure, at the 
maximum temperamre contemplated in use. Generally, steel 
cylinders meeting US Department of Transportation require­
ments \viii be used. Manifolded cylindet-s are used for large 
installations. 

Each container must b e equipped with a discharge valve 
capable of discharging liquid H alon 1301 at the required rate. 
Containers with top-mounted valves require an internal dip 
tube extending to the bottom of the cylinder to permit 
discharge of liquid phase Halon 1301. 

E.l.l Nitrogen Superpressurization. Although the 199 psig 
(1372 kPa) vapor pressure of Halon 1301 at 70°F (2JOC) is 
adequate to expel the contents of the storage containers, this 
pressure decreases rapid ly \vith temperature . At ooy (-18°C), 
for example, the vapor pressure is 56.6 psig (390 kPa), and at 
-40°F (-400C) it is only 17.2 psig (119 kPa) . The adclition of 
nitrogen to Halon 1301 storage containers to pressurize the 
agent above the vapor pressure, called "superpressurizing," will 
prevent d1e container pressure from decreasing so drastically at 
low temperatures. 

Superpressurization causes some of the nitrogen to perme­
ate the liquid portion of the Halon 1301. This ''solubility" is 
related both to the degree of superpressurization and to 
temperature, as follows: 

where: 

p 
H ,.. = ___!!_ 

X, 

[E.l.I] 

H, = Henry's Law constant, psi (bar) per mole fraction 
P. = partial pressure of niu-ogen a bove solution, psi (bar) 
X.= nitrogen concentration in Liquid Halon 1301, mole frac-

tion 
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Nitrogen partial pressure can be calculated fi·om the total 5500 
pressm·e of the system and the vapor pressure of Halon 1301 
[see Figure E.l.l (a) and Figum El.l (b)] as follows: 

(1) P., = P- (1- X.,)P" 

(2) P= P. + P. 

where: 
P. = partial pressure of agent vapor 
P" = vapor pressure of agent 

By ideal solution law 

(3) P. = P,X . 

where: 

P" =vapor pressure of agent 

x. =liquid mole fraction of agent 

( 4) Xa = 1 - X,,. where X., is liquid mole fraction of nitrogen 

From (2), (3), (4) we get 

( 5) P = P, + (1 - X, ) P", which is (1) 

Figure E.1.1 (a) and Figure E.1.1 (b) (Metric) show that varia­
tion of Henry's Law constant, H." with temperature. 

Isometric diagrams for Halon 1301 superpressurized with 
nitrogen, Figure E.l.1(c), Figure E.l.l(d) (Metric) [360 psig 
(2482 kPa)). and Figure E.l.l (e), Figure E.l.l (f) (Metric) 
r600 psig (4137 kPa)l show the relationship of storage 
container pressure vs. temperature with lines of constant fill 
density. 

These curves demonstrate the danger in overfilling contain­
et·s with Halon 1301. A container filled completely with Halon 
1301 at 70°F (2l"C) and fi ll ed to 97.8 lb/ ft3 (1566 kg/ m3) and 
subsequently superpressurized to 600 psig (4137 kPa) would 
develop a pressure of 3000 psig (20685 kPa) when heated to 
130°F (54°C}; if filled to 70 lb/ ft3 (1121 kg/ m3) or less as 
permitted in this standard, a pressure of 1040 psig (7171 kPa) 
would be developed. The same principles apply to liquid Halon 
1301 that becomes trapped between two valves in pipelines. 
Adequate pressure relief should always be provided in su ch 
situations. 
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Annex F Piping 

77zis annex is not a pm·t of the 1·equirements of this NFPA document 
but is included for informational purposes only. 

F.1 Introduction. The development of the pipe and fittings 
specifications in this standard is based on field experience and 
the application of the data and calculation methods found in 
ASME pipe and fittings codes. Paragraph 4.2.1.1 requires that 
"the thickness of the pipe \vall shall be calculated in accord­
ance with ASME B3l.l." The text of Annex F is taken from 
ASME B3l.l. The information in Section 4.2, Annex A, and 
Annex F is based on the equations for calculation of pipe \vall 
thickness found in ASME B3l.l. The SE values stated in this 
annex allow calculation of the minimum \vall thickness of pipe 
to be used in Halon 1301 systems. Section F.2 presents calcula­
tions to provide minimum pipe schedules (wall thickness) for 
use with both 360 psi (2482 kPa) and 600 psi (4137 kPa) Halon 
1301 fire extinguishing systems in accordance with this stand­
ard. 

F.2 Minimum Piping Requirements for Halon 1301 Systems 
with 360 psi (2482 kPa) and 600 psi (4137 kPa) Charging Pres­
sure. Limitations on piping to be used for halon systems (or 
any pressurized fluid) are set by the following: 

(1) Maximum pressure expected \vithin the pipe 
(2) Material of construction of the pipe and tensile su·ength, 

yield strength, and temperature limitations of the mate­
rial 

(3) Joining methods (i.e ., threaded, welded, grooved) 
( 4) Pipe construction method [i.e., seamless, electric resist­

ance welded (ERW), furnace welded] 
(5) Pipe diameter 
(6) Wall thickness of the pipe 

The calculations are based on the following: 

(1) The minimum calculated pressure is 1000 psi (6895 kPa) 
for systems using an initial charging pressure of 600 psi 
(4137 kPa) and 620 psi (4275 kPa) for systems using an 
initial charging pressure of 360 psi (2482 kPa). 

(2) The calculations apply only to steel pipe conforming to 
ASTM A53/A53M or ASTM Al06/ A106M, and copper 
tubing conforming to ASTM B88. 

(3) The calculations cover threaded, welded, and grooved 
joints for steel pipe and compr·ession fittings for copper 
tubing. 

The basic equation to find the minimum wall thickness for 
piping under internal pressm·e is as fo llows: 

where: 

PD 
t=-+A 

2SE 

t = required wall thickness (in .) 
P = maximum allowable pressure (psi) 
D = outside pipe diameter (in .) 
A = allowance for threading, grooving, etc. (in .) 

[F.2a] 

SE = maximum allowable stress including joint efficiency (psi) 

Note: For these calculations, 

A = depth of thread for threaded connections 

A = depth of groove for cut groove connections 

A = zero for welded or rolled groove connections 
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A = zem for joints in copper tubing using compression 
fittings 

The term SE is defined as !14 of the tensile su·ength of the 
piping material or % of the yield strength (whichever is lower) 
multiplied by a joint efficiency factor. 

Joint efficiency factors are as follows: 

(1) 1.0 for seamless 
(2) 0.85 for ERW 
(3) 0.60 for furnace butt weld (continuous weld) (Class F) 

The values for SE in Table F.2(a) are taken from Appendix A 
ofAS.ME B31.1. Identical values are given in ASME B31.9. 

The basic equation can be rewritten as follows to solve for P 
to determine the maximum allo\vable pressure for which a pipe 
of thickness t can be used: 

t-A 
P = 2SE-­

D 

[F.2b] 

As required by 4.2.1.1 of this standard, for systems having a 
charging pressure of 360 psi (2482 kPa), the calculated pres­
sure (P) must be equal to or greater than 620 psi ( 4275 kPa) . 

For systems having a charging pressure of 600 psi 
(4137 kPa), the calculated pressure (P) must be equal to or 
greater than 1000 psi (6895 kPa). 

These pressure values are based on a maximum agent stor­
age temperature of 130°F (54°C) . 

If higher storage temperatures at·e approved for a given 
system, the internal pressure should be adjusted to the maxi­
mum internal pressure at maximum temperature. In perform­
ing this calculation, all joint factors and threading, grooving, or 
welding allo,vances should be taken into account. 

Paragraph 102.2.4(B) of ASME B31.1 a llows the maximum 
allowable stress (St"') to be exceeded by 20 percent if the dura­
tion of the pressure (or temperature) increase is limited to less 
than 1 percent (14.4 minutes) of any 24-hour period. Since the 
halon piping is normally unpressurized, the system d ischarge 
period typically satisfies th is criterion. Therefore, the piping 
calculations set out in this paragraph are based on values of SE~ 
which are 20 percent greater than those shown in Table F.2(a) 
outlined in Paragraph 4 (per Appendix A of the Power Piping 
Code) . The specific values for maximum allo\vable stress used in 
these calculations at·e given in Table F.2(b). 

Notes: 

(1) When rolled groove connections or welded connections 
with internal projections (backup rings, etc.) are used, 
the hydraulic calculations should consider the additional 
losses due to friction. 
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(2) Pipe supplied as dual stenciled Al20/ A53 Class F meets 
the t-equirements of Class F fumace welded pipe ASTM 
A53/ A53M as Listed previously. Ordinary cast-iron pipe, 
steel pipe conforming to ASTM A120, or nonmetallic 
pipe should not be used. 

(3) All grooved couplings/fittings should be listed/approved 
for use with Halon 1301 extinguishing systems. 

( 4) These calculations do not apply to extended discharge 
exceeding 14.4 minutes. 

(5) Compression fittings should be listed or approved for use 
with the type of tubing and pressures per 4.2.3 of this 
standard r600 psi (4137 kPa) systems 1000 psi (6895 kPa) 
working pressure; 360 psi (2482 kPa) systems 620 psi 
( 4275 kPa) working pressure] . 

Table F.2(a) SEValues for Pipe and Thbing per ASME B31.1 

Pipe SEValue SEValue 
Pipe/ Tubing Grade/ Type Specification (psi) (kPa) 

Grade C seamless pipe ASTM Al06/ 17,500 120,662 
A 106M 

Grade B seamless pipe ASTMA53/ 15,000 l03,425 
A53M 

Grade B seamless pipe ASTM Al06/ 15,000 l03,425 
A 106M 

Grade A seam less pipe ASTMA53/ 12,000 82,740 
A53M 

Grade A seam less pipe ASTMA106/ 12,000 82,740 
A 106M 

Grade B ERW pipe ASTM A53/ 12,800 88,256 
A53M 

Grade A ERW pipe ASTM A53/ 10,200 70,329 
A53M 

Class F furnace ASTMA53/ 7,200 49,608 
welded pipe A53M 

Seamless copper ASTM B88 5,100 35,164 
tubing (annealed) 

Seamless copper ASTMB88 9,000 62,05.5 
mbing (drawn) 

Table F.2(b) SEValues for Pipe and Thbing That Is 
Pressurized for Less than 14.4 Minutes per 24-Hour Period 

Pipe SEValue SEValue 
Pipe/ Tubing Grade/ Type Specification (psi) (kPa) 

Grade C seamless pipe ASTMA106/ 21,000 144,795 
A 106M 

Grade B seamless pipe ASTM A53/ 18,000 124,110 
A53M 

Grade B seamless pipe ASTMA106/ 18,000 124,110 
A 106M 

Grade A seamless pipe ASTMA53/ 14,400 99,288 
A53M 

Grade A seamless pipe ASTMA106/ 14,400 99,288 
A 106M 

Grade B ERW ASTM A53/ 15,360 105,907 
A53M 

Grade A ERW pipe ASTM A53/ 12,240 84,39.5 
A53M 

Class F furnace ASTMA53/ 8,640 59,573 
welded pipe A53M 

Seamless copper ASTM B88 6,120 42,197 
mbing (annealed) 

Seamless copper ASTM B88 10,800 74,466 
tubing (drawn) 
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Annex G System Flow Calculations 

This annex is not a part of the 1'UJuirements of this NFPA document 
but is included fm· informational purposes only. 

G.l Introduction. The flow of nitrogen-pressurized Halon 
1301 has been demonstrated to be a two-phase phenomenon; 
that is, the fluid in the piping consists of a mixntre of liquid 
and vapor. In past editions of this standard, an effort was made 
to detail a portion of a complex calculation method that is used 
to determine pipeline pressures, densities, and other design 
factors . All the factot-s necessary for this very complex calcula­
tion were not listed. For example, the formulas that address 
heat transfer between the agent and the piping network were 
not included nor were the adjustments for the flow of agent 
through a tee. Many of the necessary final adjustments to d1e 
calculations are proprietary. Without this data, and much 
more, no flow calculation for unbalanced systems can be 
precise enough. 

The tables, graphs, and calculations used in this section are 
provided to demonstrate the basis on which many calculation 
methods are founded. This information is not adequate and 
must not be considered as complete enough for design purpo­
ses. Only those calculation methods that are listed should be 
used for design purposes. Figure G.l provides a comparison of 
test data with calculated pressure drop using a two-phase flow 
equation. 

Friction losses occur as the liquid Halon 1301 flows through 
the pipeline to the discharge orifice. Allowance must be made 
for the equivalent lengths of the container valve, dip n1be, and 
flexible connectors, selector valves, time delays, and other 
installed equipment through which the agent must flow. Equiv­
alent lengd1s for these components must be obtained from the 
approval laboratory listings for the individual components. 
Equivalent lengths of common pipe fittings and values are 
given in Table G.l (a) and Table G.1(b) . 

Changes in elevation are accounted for by d1e following 
equation: 

where: 

M = p(ML) 
144 

/').p = pressure drop (psi) 

[G. I] 

p = pipeline density of agent at point of e levation change 
(I b/ft3) 

M"L = net change in elevation within the piping section, 
increase(+) and decrease(-) 

Design flow rates should be high enough to ensure complete 
mixing of the Liquid and vapor phases in the pipeline. 

For proper system flow calculation and performance, it is 
necessary that a homoge nous mixtut·e of the liquid and vapot­
phases be present during equi librium pipeline flow. 

In other words, highly Utrbulent flow is required in the pipe­
line to prevent separation of the liquid and vapor phases. 
Turbulent flow is generally attained when pipeline flow rates 
exceed the minimum flow rates given in Table G.l (c) . 
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Table G.l (a) Equivalent Length in Feet of Threaded Pipe Fittings Schedule 40 Steel Pipe 

Elbow 
90° 

Long 
Rad. Union 

Pipe &Tee Coupling 
Size Elbow Elbow Thru Tee or Gate 
(in.) Std. 45° Std. 90° Flow Side Valve 

% 0.6 1.3 0.8 2.7 0.3 
~ 0.8 1.7 1.0 3.4 0.4 
% 1.0 2.2 1.4 4.5 0.5 
1 1.3 2.8 1.8 5.7 0.6 

1 \(, 1.7 3.7 2.3 7.5 0.8 
1 ~ 2.0 4.3 2.7 8.7 0.9 
2 2.6 5.5 3.5 11.2 1.2 
2~ 3.1 6 .6 4.1 13.4 1.4 
3 3.8 8.2 5.1 16.6 1.8 
4 5.0 10.7 6.7 21.8 2.4 
5 6.3 13.4 8.4 27.4 3.0 
6 7.6 16.2 10.1 32.8 3.5 

Table G.l(b) Equivalent Length in Feet of Welded Pipe Fittings Schedule 40 Steel Pipe 

Elbow 
90° 

Long 
Rad. Union 

Pipe &Tee Coupling 
Size Elbow Elbow Thru Tee or Gate 
(in.) Std. 45o Std. 90° Flow Side Valve 

% 0.2 0.7 0.5 1.6 0.3 
~ 0.3 0.8 0.7 2.1 0.4 
% 0.4 1.1 0.9 2.8 0.5 
1 0.5 1.4 1.1 3.5 0.6 

1 \(, 0.7 1.8 1.5 4.6 0.8 
1 ~ 0.8 2.1 1.7 5.4 0.9 
2 1.0 2.8 2.2 6.9 1.2 

2\lz 1.2 3.3 2.7 8.2 1.4 
3 1.5 4.1 3 .3 10.2 1.8 
4 2.0 5.4 4.4 13.4 2.4 
5 2.5 6.7 5.5 16.8 3.0 
6 3.0 8.1 6.6 20.2 3.5 
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Table G.l (c) Minimum Design Flow Rates to Achieve Turbulent Pipeline Flow 

Nominal Schedule 40 Schedule 80 
Pipe Minimum Minimum 

Diameter Flow Rate Flow Rate 
(in.) (lb/ sec) (lb/ sec) 

Ys 0.20 O.ll 
Y., 0.34 0.24 
% 0.68 0.48 
~ 1.0 0.79 
% 2.0 1.9 
l 3.4 2.8 

l Y., 5.8 4.8 
1 ~ 8.4 7.5 
2 13 13 
2~ 19.5 17 
3 33 26 
4 58 48 
5 95 81 
6 127 109 

Note: Fo r Sl units, l lb/ sec = 0.454 kg/ s. 
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For Sl units: 1 ft = 0.3048 m; 1 psi= 0.0689 bar. 

FIGURE G.l Comparison of Test Data with Calculated Pressure Drop Using Two-Phase Flow 
Equation. 
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ANNEX H 

Annex H Nozzles 

77zis annex is not a pm·t of the 1·equirements of this NFPA document 
but is included for informational purposes only. 

H.l Introduction. The discharge nozzle is the device that ulti­
mately delivers the agent to the hazard area. I ts function is 
twofold: (1) It distributes the agent in an optimum manner in 
the hazat·d, and (2) it conu·ols the system discharge rates. The 
maximum nozzle flow rate is controlled by the flow that the 
feed pipe can deliver. The maximum pipeline flow rate can be 
the01·etically calculated by means of the two-phase equation. 
Figure H .1(a) shows the calculated maximum open-end pipe 
specific flow rate versu s total terminal pressure. The general 
shape of the curve is a lso charactet·istic of nozzle flow curves. 

Since the flow rate discharged from a nozzle or pipe 
depends on the energy available, the terminal pressure must be 
considered to consist of two parts: (1) the static pressure (the 
quantity calculated by the pipeline pressure drop), and (2) the 
velocity head energy. 

Both quantities can contribute to the enet·gy available to 
discharge the agent from the nozzle. The velocity head in psi 
can be calculated from the following equation: 

. (3.63)(Q2
) 

ve loetty head = 4 pD 

where: 
Q = nozzle rate (lb/ sec) 
p = density (lb/ft3) at the terminal static pressure 

D = feed pipe diameter (in .) 

[H.la] 

NOTE: The calculation method described in this standard is 
based on 70°F (21 oq . For unbalanced systems, if the agent 
storage temperature is expected to vary by more than 100F 
(5.5°C) from this temperature, the actual agent quantity 
discharged from each nozzle can vary significantly from the 
calculated agent disu·ibution . 

Flow calculations should be based on average pressure 
conditions existing in the system when half of the agent has 
been discharged from the nozzles. The average pressure in the 
storage container is determined on the basis of the pressure 
recession in the storage con ta iner and the effect of percent of 
agent in the piping during dischat·ge. The calculated pressure 
recession for both 600 and 360 psi ( 4137 and 2482 kPa) storage 
is plotted in Figure H . l (b ) and Figure H .l (c), respectively. 

The t·ate of pressure recession in the stot·age container 
depends on the initial filling density as illustrated in Figure 
H . l (b) and Figure H.l (c) . If the pipeline has neglig ible 
volume compared to the quantity of agent to be d isch arged, 
the average container pressure for pressure drop calculations 
would be the point in the recession curve where 50 percent of 
the charge has been expelled from the container. In many 
systems this will not be the case because a substantial portion of 
the charge will reside in the piping during discharge, reducing 
the average container pressure during actual d ischarge from 
the nozzle. 

12A-43 

Figure H .1 (d) illustrates the condition where 20 percent of 
the agent supply by we ight resides in the piping during 
discharge. The average storage pressure for flow calculation for 
the 600 psi (4137 kPa) system with initial fi lli ng density of 
70 lb/ ft3 (1121 kg/ m3

) is reduced from a maximmn of 403 psi 
(2779 kPa) to 355 psi (2448 kPa) . Proceeding in th is way, the 
average conta iner pressure for fl ow calculation is a logical func­
tion of the percent of agent in the piping as g ive n in Figure 
H.l(e ) . Several factors combine to allow a simple extrapolation 
of the average storage container pressure versus percent of 
agent in the piping cunres up to a calculated 80 percent of the 
supply in the pipeline. 

The percent of agent in piping is defined by the following 
equation and shou ld not exceed 80 percent of the charged 
weight: 

[H.lb] 

· · · Ioo"' (vp) (P) percent m ptpmg = '-'---
W 

wh ere: 
L: = summation of (Vp)(p) values for a ll pipeline sections 

Vp = internal volume of each section of piping (ft3) 

p = average pipeline density of agent for each section of 
piping (lb/ ft3) 

W = initial charge weight of Halon 1301 (lb) 

The average density cannot be accurately determined until 
after the terminal pressure has been calculated. The problem 
does not have a direct solution; however, Equation H .l c and 
Table H .1(a) can be used to estimate the percent in piping for 
calculating purposes . This is based on the probability that the 
terminal pressure will be near the m inimum permitted. Ta ble 
H.1(b) and Ta ble H .1(c) can be used to calculate th e internal 
volume of the pipe. 

percent in piping= ( K) w;v,, + K, 

where: 
W =initial charge weight of Halon 1301 (lb) 
vp = internal pipe volume (ft3) 

K..,, K1 = constants from Table H .l (a) 

[H.lc] 

An alternative solution is to use Equation H .l (b ) with the 
average density values from Figure H.l (f) for the 600 psi 
(4137 kPa) systems and from Figure H.l (g) for the 360 psi 
(2482 kPa) systems. 
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For piping systems, pressure drop should be calculated by 
means of the following two-phase equation or by any other 
method approved by the authority having jurisdiction: 

[H.ld] 

9 1.013D5 2.' y 
Q- = L +8.08D1 25 Z 

where: 
Q = flow rate (lb/ sec) 
D = inside pipe diameter (in.) 
L = equivalent length of pipe (ft) 

Y, Z = factot-s depending on density and pressure 

NOTE: This flow equation contains a friction factor based 
on commercial steel pipe. 

The two-phase flow equation becomes specific fCn- Halon 
1301 when the Y and Z factors are based on the proper pres­
sure and density values using the following equations: 

where: 

I' 

y =-I pl1P 
P, 

Z=ln£!. 
p 

P1 = storage pressure (psia) 
P = pipeline pressure (psia) 
p1 = density at pressure P1 (lb/ ft3) 

p = density at pressure P (lb/ ft3) 

In = natural logarithm 

[H.l e] 

[H.lfj 

A direct solution of the flow equation for pressure is not 
possible; however, the equation can be rearranged to solve for 
Y, wh ich is related to pressure: 

where: 
Y1 = Y factor at start of section 
Y2 = Y factor at end of section 
Z1 = Z factor at start of section 
2; = Z factor at end of section 
A = 1.013 D' 25 

B=7.97/ U 
L = equivalent length of section (ft) 
Q = flow rate (lb/ sec) 
D = inside diameter of pipe (in.) 

NOTE: A and Bfactors are for steel pipe. 

[H.lg] 

Precalculated A and B factors for steel pipe are given in 
Table H.1 (d) . 
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The Y and Z factors depend on both storage pressure and 
filling density; therefixe, separate tables are required fm each 
storage condition. Table H.1 (e) through Table H.1 (h ) are for 
the 600 psi (4137 kPa) systems with fill ing densities of 70, 60, 
50, and 40 lb/ ft3. Table H.1 (i) thro ugh Table H.1(1) are for the 
360 psi (2482 kPa) systems with the same fi lli ng densities. 

Sample Calculation. An 80 lb (36 kg) supply of agent is to be 
discharged in 10 seconds thmugh the piping system shown in 
Figure H.1 (h) . The agent storage container is pressurized to 
360 psi (2482 kPa) and has a filling density of 70 lb/ ft3 

(1121 kg/ m3) . Table H.1 (m) shows the nvo-phase solution. 

(1) Calculate A and B: 

For 1 in. pipe, A= 1.302 and B= 6.59. 

FOt- % in. pipe, A = 0.3666 and B= 17.3. 

(2) Determine piping volume using Table H.1 (b) . 

For 1 in. pipe, ~' = 0.0060 ft3 / ft x 27 ft = 0.162 ft3 

FOt- % in. pipe, Vp = 0.0037 ft3 / ft x 30 ft = 0.111 ft3 

Total ~, = 0.273 ft3 

(3) Estimate percent in piping, using the fo llowing equation: 

[H.lh] 

Of • . • 6730 
10 tn p1pmg = 

( 80/ 0.273) +52 
19.5% 

( 4) Determine average container pressure during d ischarge 
using Figure H.1(e), based on the estimated 19.5 percent in 
piping the average storage container pressure is 243 psi 
(1675 kPa) . 

(5) Calculate the elevation con-ection. Before calculating 
pressure drop due to friction, the pressure change due to eleva­
tion in Section 1-2 of Table H.1 (m) must be calculated. The 
relationship in G.l is used: 

M = p(tlEL) 
144 

[H.li] 

The elevation change (.t.'L) is 7 ft. The density (p) of the 
Halon 1301 at the 243 psi (1675 kPa) starting pressure of the 
section is found to be 83 lb/ ft3 in Figure H.l (g) on the 
70 lb/ ft3 fill density curve. The pressure loss due to the 7 ft 
increase in elevation is 

p = 83 x 7 = 4 psi 
144 

The new starting pressure is 243- 4 = 239 psi. 

[H.lj] 

(6) Determine Y1 and Z1 from Table H.l (i). For a starting 
pressure of 239 psi, 

[H.lk] 

yl = 2819 and zl = 0.173 
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(7) Determine Y2 from the following equation: 

[H.ll] 

Y2 = ~ +( L;
2

)+ B(Z2 - Z1)Q2 

=2819 + 
58

(
8? +6.59(Z -0.173)(8)2 

1.302 2 

The Z term is small and can be neglected for an initial solu­
tion: 

[H.lm] 

y2 = 5670 

(8) Determine terminal pressure. T he terminal pressure of 
Section 1-2 of Table H.1 (m) is approximately 200 psi from 
Table H.1 (i) . At this point the lfactor is about 0.475. Using this 
value for Z,, the last term of the equation becomes 127. Then, 

[H.ln] 

y2 = 5670 + 127 = 5797 

The final terminal pressure of Section 1-2 is then between 
198 and 197 psi . Use 197 psi. 

(9) Sections 2-3 and 2-4. For the next section, 

Y. = 5797 + 
19

(
4

)
2 

+ 17.3(Z.-0.475)(4)2 

- 0.366 -
=6628 

Terminal pressure = 182 psi 

Z2 = 0.652 

y2 = 6628 + 17.3(0.652 - 0.475)( 4)
2 

= 6628 + 49 = 6677 

[H.lo] 

[H.lp] 

Terminal pressure is between 182 and 181 psi . Use 181 psi. 

The solution would then be reiterated until reasonable 
agreement betv.reen the estimated percent in the pipe and the 
final calculated quantity is obtained. Such reiteration is, 
however, time consuming and subject to numerical error when 
manual calculation means are used . For this reason, the two­
pha~e method is normally used with a programmed computer. 
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In unbalanced systems, it is important to use the proper 
orifice size at each nozzle to give the desired flow rate at the 
calculated terminal pressure . This is based on the flow charac­
teristics of individual n ozzles as provided in the manufacturer's 
design manual. In no case sh ou ld the nozzle pressure be lower 
than the listed minimum pressure. 

Table H .l(a) Constants to Determine Percent of Agent in 
Piping 

Storage Filling 
(psi) Density KJ K2 

600 70 7180 46 
600 60 7250 40 
600 50 7320 34 
600 40 7390 28 
360 70 6730 52 
360 60 6770 46 
360 50 6810 40 
360 40 6850 34 

Table H. I (b) Internal Volume of Steel Pipe Cubic Feet per 
Foot of Length 

Nominal 
Pipe Schedule 40 Schedule 80 

Diameter Inside Diameter Inside Diameter 

in. in. ft3 / ft in. ft3 / ft 

Y,J 0.364 0.0007 0.302 0.0005 
% 0.493 0.0013 0.423 0.0010 
\!; 0.622 0.0021 0.546 0.0016 
o/,1 0.824 0.0037 0.742 0.0030 
1 1.049 0.0060 0.957 0.0050 

1\-:. 1.380 0.0104 1.278 0.0089 
~ ~ 1.610 0.0141 1.500 0.0123 
2 2.067 0.0233 1.939 0.0205 
2~ 2.469 0 .0332 2.323 0.0294 
3 3.068 0.0513 2.900 0.0459 
3~ 3.548 0 .0687 3.364 0.0617 
4 4.026 0.0884 3.826 0.0798 
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Table H. I (c) Internal Volume of Copper Tubing 

Actual Inside Internal 
Diameter Volume 

Size Type (in.) (ft3 / ft) 

Y. M 
L 0.315 0.0005 
K 0.305 0.0005 

% M 0.450 0.0011 
L 0.430 0.0010 
K 0.402 0.0009 

~ M 0.569 0.0018 
L 0.545 0.0016 
K 0.527 0.0015 

o/.1 M 0.81 1 0.0037 
L 0.785 0.0034 
K 0.745 0.0030 

1 M 1.055 0.0061 
L 1.025 0.0057 
K 0.995 0.0054 

H:, M 1.291 0.0091 
L 1.265 0.0087 
K 1.245 0.0085 

1 ~ M 1.527 0.0127 
L 1.505 0.0124 
K 1.481 0.0120 

2 M 2.009 0.0220 
L 1.985 0.0215 
K 1.959 0.0209 

2~ M 2.495 0.0340 
L 2.465 0.0331 
K 2.435 0.0323 

3 M 2.981 0.0485 
L 2.945 0.0473 
K 2.907 0.0461 

3~ M 3.459 0.0653 
L 3.425 0.0640 
K 3.385 0.0625 

4 M 3.935 0.0845 
L 3.905 0.0832 
K 3.857 0.0811 

Table H. I (d ) A and B Factors for Steel Pipe 

Pipe Size Schedule 40 Schedule 80 

Nominal A B A B 

% 0.02472 135.0 0 .01106 249.0 
X 0.08375 53.3 0.04225 89.7 
% 0.3666 17.3 0.2115 26.3 
1 1.302 6.59 0.8043 9.51 

1Y. 5.495 2.20 3 .672 2.99 
1 ~ 12.34 1.19 8.513 1.58 
2 45.83 0.437 32.76 0.564 
2~ 115.3 0.216 84.6 0.274 
3 364.4 0.090 271 .1 0.113 
4 1518.0 0.0304 1162.0 0.0372 
5 4972.0 0.0123 3875.0 0.0149 
6 13050.0 0.00589 9959.0 0.00724 
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Table H.l(e) Halon 1301 at 600 psi and 70lb/ ft3YandZFactors 

y 

psi z 0 2 3 4 5 6 7 8 9 

400 0.006 290 194 97 0 0 0 0 0 0 0 
390 0.028 1243 1149 1054 960 865 769 674 578 482 386 

380 0.051 2176 2084 1991 1898 1806 1712 1619 1525 1432 1338 
370 0.076 3086 2996 2906 2816 2725 2634 2543 2451 2360 2268 

360 0.102 3974 3886 3798 3710 3622 3533 3444 3355 3266 3176 
350 0.129 4838 4753 4667 4581 4495 4409 4323 4236 4149 4062 

340 0.159 5678 5595 5512 5428 5345 5261 5177 5093 5008 4923 
330 0.191 6492 6412 6331 6251 6169 6088 6007 5925 5843 5760 

320 0.224 7281 7203 7125 7047 6968 6890 6811 6731 6652 6572 
310 0.260 8042 7967 7892 7816 7741 7665 7588 7512 7435 7358 

300 0.298 8776 8704 8631 8559 8486 8413 8339 8265 8191 8117 
290 0.339 9482 9412 9343 9273 9203 9132 9062 8991 8919 8848 

280 0.382 10158 10092 10025 9958 9891 9823 9756 9688 9619 9551 
270 0.429 10805 10741 10678 10614 10550 10485 10420 10355 10290 10224 

260 0.478 11421 11361 11300 11239 11178 11117 11055 10993 10930 10868 
250 0.531 12007 11950 11892 11834 11776 11718 11659 11600 11541 11481 

240 0.588 12561 12507 12453 12398 12343 12288 12232 12176 12120 12064 
230 0.649 13084 13033 12982 12930 12878 12826 12774 12721 12668 12615 

220 0.713 13575 13527 13479 13431 13382 13333 13284 13234 13184 13134 
210 0.782 14034 13990 13945 13900 13854 13808 13762 13716 13669 13622 

200 0.855 14462 14421 14379 14337 14295 14252 14209 14166 14122 14078 
190 0.934 14859 14820 14782 14743 14704 14664 14624 14584 14544 14503 

180 1.017 15225 15190 15154 15118 15082 15046 15009 14972 14934 14897 
170 1.105 15561 15528 15496 15463 15430 15396 15363 15329 15294 15260 

160 1.198 15868 15838 15809 15779 15748 15718 15687 15656 15624 15593 
150 1.297 16146 16120 16093 16066 16038 16010 15982 15954 15926 15897 

140 1.402 16398 16374 16350 16325 16301 16276 16250 16225 16199 16173 
130 1.513 16624 16603 16581 16559 16537 16514 16491 16469 16445 16422 

120 1.631 16826 16807 16787 16768 16748 16728 16708 16687 16666 16645 
llO 1.755 17004 16987 16970 16953 16935 16918 16900 16882 16863 16845 

100 1.888 17161 17147 17132 17116 17101 17085 17070 17054 17037 17021 
90 2.029 17298 17286 17273 17259 17246 17232 17219 17205 17190 17176 

80 2.181 17417 17406 17395 17383 17372 17360 17348 17336 17324 17311 
70 2.347 17518 17509 17499 17489 17479 17469 17459 17449 17438 17428 

60 2.530 17603 17595 17587 17579 17571 17562 17554 17545 17536 17527 
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Table H.1 (f) Halon 1301 at 600 psi and 60 lb I f t3Y and Z Factors 

psi 

420 
410 

400 
390 

380 
370 

360 
350 

340 
330 

320 
310 

300 
290 

280 
270 

260 
250 

240 
230 

220 
210 

200 
190 

180 
170 

160 
150 

140 
130 

120 
110 

100 
90 

80 
70 

60 
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z 

0.019 
0.039 

0.060 
0.083 

0.106 
0.132 

0.158 
0.187 

0.217 
0.249 

0.283 
0.319 

0.358 
0.399 

0.442 
0.489 

0.538 
0.591 

0.647 
0.707 

0.770 
0.838 

0.909 
0.985 

1.066 
1.152 

1.243 
1.339 

1.441 
1.549 

1.664 
1.785 

1.914 
2.052 

2.201 
2.363 

2.543 

0 

956 
1893 

2811 
3709 

4587 
5443 

6277 
7089 

7877 
8642 

9381 
10095 

10783 
11444 

12077 
12683 

13261 
13809 

14329 
14820 

15281 
15713 

16116 
16490 

16836 
17154 

17445 
17711 

17951 
18168 

18361 
18534 

18686 
18818 

18934 
19032 

19116 

1 

861 
1800 

2720 
3620 

4500 
5358 

6195 
7009 

7800 
8566 

9308 
10025 

10715 
11379 

12015 
12624 

13204 
13756 

14278 
14772 

15236 
15671 

16077 
16454 

16802 
17123 

17418 
17685 

17928 
18147 

18343 
18517 

18671 
18806 

18923 
19023 

19108 

2 

766 
1707 

2629 
3531 

4413 
5273 

6112 
6929 

7722 
8491 

9235 
9954 

10647 
11314 

11953 
12564 

13148 
13702 

14227 
14724 

15191 
15629 

16037 
16417 

16769 
17093 

17389 
17660 

17905 
18126 

18324 
18501 

18657 
18793 

18912 
19014 

19100 

3 

671 
1614 

2537 
3442 

4325 
5188 

6029 
6848 

7643 
8415 

9162 
9883 

10579 
11248 

11890 
12504 

13090 
13648 

14176 
14675 

15145 
15586 

15998 
16381 

16735 
17061 

17361 
17634 

17882 
18105 

18306 
18484 

18642 
18781 

18901 
19004 

19092 

4 

575 
1520 

2446 
3352 

4238 
5103 

5946 
6767 

7565 
8339 

9088 
9812 

10511 
11183 

11827 
12444 

13033 
13593 

14125 
14627 

15100 
15543 

15958 
16344 

16701 
17030 

17332 
17608 

17858 
18084 

18287 
18467 

18627 
18767 

18890 
18995 

19084 

y 

5 

480 
1426 

2354 
3262 

4150 
5017 

5863 
6686 

7486 
8263 

9014 
9741 

10442 
11117 

11764 
12384 

12976 
13539 

14073 
14578 

15054 
15500 

15918 
16306 

16666 
16998 

17303 
17581 

17834 
18062 

18267 
18450 

18612 
18754 

18878 
18985 

19076 

6 

384 
1333 

2262 
3172 

4062 
4932 

5779 
6605 

7407 
8186 

8940 
9670 

10373 
11050 

11701 
12323 

12918 
13484 

14021 
14529 

15008 
15457 

15877 
16269 

16632 
16966 

17274 
17555 

17810 
18041 

18248 
18433 

18597 
18741 

18867 
18975 

19068 

7 

289 
1239 

2170 
3082 

3974 
4846 

5696 
6523 

7328 
8109 

8866 
9598 

10304 
10984 

11637 
12262 

12859 
13428 

13968 
14479 

14961 
15413 

15837 
16231 

16597 
16934 

17244 
17528 

17786 
18019 

18228 
18415 

18581 
18727 

18855 
18965 

19059 

8 

193 
1144 

2078 
2992 

3886 
4760 

5612 
6442 

7249 
8032 

8791 
9526 

10235 
10917 

11573 
12201 

12801 
13373 

13916 
14430 

14914 
15369 

15796 
16193 

16561 
16902 

17214 
17501 

17761 
17996 

18208 
18398 

18566 
18714 

18843 
18955 

19050 

9 

96 
1050 

1985 
2901 

3798 
4673 

5527 
6360 

7169 
7955 

8717 
9454 

10165 
10850 

11508 
12139 

12742 
13317 

13863 
14379 

14867 
15325 

15754 
16154 

16526 
16869 

17184 
17473 

17736 
17974 

18188 
18380 

18550 
18700 

18831 
18944 

19041 



ANNEX H 

Table H. I (g) Halon 1301 at 600 psi and 50 lb/ ft3Yand Z Factors 

psi 

450 

440 
430 

420 
410 

400 
390 

380 
370 

360 
350 

340 
330 

320 
310 

300 
290 

280 
270 

260 
250 

240 
230 

220 
210 

200 
190 

180 
170 

160 
150 

140 
130 

120 
IIO 

100 
90 

80 
70 

60 

z 

0.012 

0.030 
0.049 

0.068 
0.089 

(J.lll 
0.134 

0.158 
0.184 

0.212 
0.241 

0.272 
0.304 

0.339 
0.375 

0.414 
0.4.55 

0.499 
0.546 

0.595 
0.647 

0.703 
0.762 

0.825 
0.892 

0.962 
1.037 

1.117 
1.201 

1.290 
1.384 

1.484 
1.589 

1.701 
1.820 

1.947 
2.083 

2.229 
2.385 

2.555 

0 

667 

1607 
2529 

3434 
4321 

5189 
6038 

6867 
7675 

8462 
9227 

9970 
10689 

11385 
12056 

12702 
13324 

13919 
14488 

1.5031 
15546 

16035 
16496 

16930 
17337 

17716 
18069 

18396 
18698 

18974 
19226 

19455 
19662 

19847 
20012 

20158 
20286 

20397 
20493 

20574 

573 

1513 
2437 

3344 
4233 

5103 
5954 

6785 
7595 

8384 
9151 

9896 
10618 

11316 
11990 

12639 
13263 

13861 
14432 

14978 
15496 

15987 
16451 

16888 
17297 

17680 
18035 

18365 
18669 

18947 
19202 

19433 
19642 

19829 
19996 

20144 
20274 

20387 
20484 

20567 

2 

478 

1420 
2346 

3254 
414.5 

5017 
5870 

6702 
7515 

8306 
9076 

9823 
10547 

11247 
11924 

12575 
13201 

13802 
14376 

14924 
1544.5 

15939 
16406 

16845 
17257 

17642 
18001 

18333 
18639 

18921 
19178 

19411 
19622 

19811 
19981 

20130 
20262 

20376 
20475 

20559 

3 

382 

1327 
2254 

3164 
4056 

4930 
5785 

6620 
7435 

8228 
9000 

9749 
10476 

11178 
11857 

12511 
13140 

13743 
14320 

14871 
1.5394 

15891 
16360 

16802 
17217 

1760.5 
17966 

18301 
18610 

18894 
19153 

19389 
19602 

19793 
19965 

20116 
20249 

20366 
20466 

20551 

4 

287 

1233 
2162 

3074 
3968 

4844 
5701 

6538 
7354 

8150 
8924 

9675 
10404 

11109 
11790 

12447 
13078 

13684 
14264 

14817 
15343 

15842 
16315 

16759 
17177 

17568 
17931 

18269 
18580 

18866 
19128 

19366 
19582 

19775 
19948 

20102 
20237 

20355 
20457 

20543 

y 

5 

192 

1139 
2070 

2984 
3879 

4757 
5616 

6455 
7273 

8071 
8847 

9601 
10332 

11040 
11723 

12382 
13016 

13625 
14207 

14763 
15292 

15794 
16269 

16716 
17137 

17530 
17896 

18236 
18550 

18839 
19103 

19343 
19561 

19757 
19932 

20087 
20224 

20344 
20447 

20535 

6 

96 

1045 
1978 

2893 
3791 

4670 
5531 

6372 
7192 

7992 
8771 

9527 
10260 

10970 
11656 

12318 
129.54 

13565 
14150 

14708 
15240 

15745 
16222 

16673 
17096 

17492 
17861 

18203 
18520 

18811 
19078 

19320 
19540 

19738 
19915 

20073 
20211 

20333 
20437 

20527 

7 

0 

951 
1885 

2802 
3702 

4583 
5446 

6289 
7111 

7913 
8694 

9452 
10188 

10900 
11589 

12252 
12891 

13505 
14092 

14654 
15188 

1.5696 
16176 

16629 
17055 

17453 
17825 

17170 
18489 

18783 
19052 

19297 
19519 

19719 
19898 

20058 
20198 

20321 
20428 

20519 

8 

0 

8.57 
1792 

2711 
3613 

4496 
5360 

6205 
7030 

7834 
8617 

9377 
10115 

10830 
11521 

12187 
12829 

13445 
14035 

14599 
15136 

1.5646 
16129 

16585 
17013 

17415 
17789 

18137 
184.59 

18755 
19026 

19274 
19498 

19700 
19881 

20043 
20185 

20310 
20418 

20510 

12A-49 

9 

() 

762 
1700 

2620 
3523 

4408 
5275 

6122 
6948 

77.55 
8539 

9302 
10043 

10760 
11453 

12122 
12766 

13384 
13977 

14544 
15083 

15596 
16082 

16540 
16972 

17376 
17753 

18103 
18428 

18726 
19000 

19250 
19477 

19681 
19864 

20027 
20172 

20298 
20408 

20502 
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12A-50 HALON 1301 FLRE EXTINGUISHING SYSTEMS 

Table H.1(h) Halon 1301 at 600 psi and 40 lb/ ft3Yand ZFactors 

psi 

480 
470 

460 
450 

440 
430 

420 
410 

400 
390 

380 
370 

360 
350 

340 
330 

320 
310 

300 
290 

280 
270 

260 
250 

240 
230 

220 
210 

200 
190 

180 
170 

160 
150 

140 
130 

120 
110 

100 
90 

80 
70 

60 

2022 Ed ition 

z 

0.008 
0.024 

0.041 
0.058 

0.076 
0.096 

0.116 
0.1 37 

0.160 
0.184 

0.209 
0.236 

0.264 
0.293 

0.325 
0.358 

0.393 
0.430 

0.469 
0.511 

0.555 
0.602 

0.651 
0.704 

0.759 
0.818 

0.880 
0.946 

1.016 
1.090 

1.168 
1.251 

1.339 
1.431 

1.529 
1.633 

1.744 
1.861 

1.986 
2.120 

2.264 
2.420 

2.591 

0 

475 
1414 

2337 
3245 

4137 
5012 

5871 
6711 

7533 
8336 

9120 
9883 

10627 
11348 

12049 
12727 

13382 
14014 

14623 
15207 

15767 
16302 

16812 
17296 

17756 
18189 

18597 
18980 

19338 
19671 

19979 
20264 

20526 
20764 

20982 
21178 

21354 
21512 

21651 
21774 

21881 
21973 

22051 

380 
1321 

2246 
3155 

4049 
4926 

5785 
6628 

7452 
8257 

9042 
9808 

10553 
11277 

11980 
12660 

13318 
13952 

14563 
15150 

15712 
16250 

16762 
17249 

17711 
18147 

18558 
18943 

19303 
19639 

19950 
20237 

20500 
20742 

20961 
21159 

21338 
21497 

21638 
21763 

21871 
21964 

22044 

2 

285 
1227 

2154 
3065 

3960 
4839 

5700 
6544 

7370 
8177 

8965 
9732 

10480 
11206 

11910 
12593 

13253 
13890 

14503 
15092 

15657 
16197 

16712 
17202 

17666 
18105 

18518 
18906 

19268 
19606 

19920 
20209 

20475 
20718 

20940 
21140 

21321 
21482 

21625 
21751 

21861 
21955 

22036 

3 

190 
1134 

2062 
2975 

3871 
4752 

5615 
6461 

7288 
8097 

8887 
9656 

10406 
11134 

11841 
12526 

13188 
13827 

14443 
15034 

15601 
16144 

16662 
17154 

17621 
18062 

18478 
18868 

19233 
19574 

19889 
20181 

20449 
20695 

20919 
21121 

21304 
21467 

21611 
21739 

21850 
21947 

22029 

4 

95 
1040 

1970 
2884 

3782 
4664 

5529 
6377 

7206 
8017 

8809 
9580 

10332 
11062 

11771 
12458 

13123 
13764 

14382 
14976 

15546 
16091 

16611 
17106 

17575 
18019 

18437 
18830 

19198 
19541 

19859 
20153 

20424 
20672 

20897 
21102 

21286 
21451 

21598 
21727 

21840 
21938 

22021 

y 

5 

0 
9469 

1878 
2793 

3693 
4577 

5444 
6293 

7124 
7937 

8730 
9504 

10258 
10990 

11701 
12391 

13057 
13701 

14321 
14918 

15490 
16038 

16560 
17057 

17529 
17976 

18397 
18792 

19162 
19508 

19828 
20125 

20398 
20648 

20876 
21082 

21269 
21435 

21584 
21715 

21829 
21929 

22013 

6 

0 
852 

1785 
2702 

3604 
4489 

5358 
6209 

7042 
7856 

8652 
9428 

10183 
10918 

11631 
12323 

12992 
13638 

14260 
14859 

15434 
15984 

16509 
17009 

17483 
17932 

18356 
18754 

19126 
19474 

19797 
20096 

20371 
20624 

20854 
21063 

21251 
21420 

21570 
21702 

21819 
21919 

22006 

7 

0 
758 

1692 
2611 

3515 
4402 

5272 
6125 

6959 
7776 

8573 
93.51 

10109 
10845 

11561 
12254 

12926 
13.574 

14199 
14800 

15378 
15930 

16458 
16960 

17437 
17888 

18314 
18715 

19090 
19440 

19766 
20067 

20345 
20600 

20832 
21043 

21233 
21404 

21556 
21690 

21808 
21910 

21998 

8 

0 
664 

1600 
2520 

3425 
4314 

5185 
6040 

6877 
7695 

8494 
9274 

10034 
10773 

11490 
12186 

12860 
13510 

14138 
14741 

15321 
15876 

16406 
16911 

17390 
17844 

18273 
18676 

19054 
19407 

19735 
20038 

20318 
20575 

20810 
21023 

21215 
21387 

21541 
21677 

21797 
21900 

21989 

9 

0 
570 

1507 
2429 

3335 
4225 

5099 
5955 

6794 
7614 

8415 
9197 

9959 
10700 

11419 
12118 

12793 
13446 

14076 
14682 

15264 
15821 

16354 
16861 

17344 
17800 

18231 
18637 

19017 
19372 

19703 
20009 

20291 
20550 

20787 
21002 

21197 
21371 

21527 
21664 

21785 
21891 

21981 



ANNEX H 12A-51 

Table H-l(i) Halon 1301 at 360 psi and 70 lb/ ft3Yand ZFactors 

y 

psi z 0 I 2 3 4 5 6 7 8 9 

260 0.050 962 868 773 678 583 487 391 294 196 98 
250 0.105 1874 1785 1696 1606 1515 1424 1333 1241 1148 1055 

240 0.166 2735 2652 2567 2483 2397 2311 2225 2138 2051 1963 
230 0.233 3543 3465 3386 3307 3227 3146 3065 2984 2901 2819 

220 0.307 4297 4224 4150 4076 4002 3927 3851 3775 3698 3621 
210 0.387 4994 4927 4859 4791 4722 4652 4582 4512 4441 4369 

200 0.475 5635 5573 5511 5449 5385 5322 5257 5192 5127 5061 
190 0.570 6220 6164 6107 6050 5993 5935 5876 5816 5757 5696 

180 0.673 6750 6699 6648 6597 6544 6492 6439 6385 6330 6275 
170 0.783 7227 7181 7135 7089 7042 6995 6947 6898 6849 6800 

160 0.899 7652 7612 7571 7530 7488 7446 7403 7359 7316 7271 
150 1.021 8030 7994 7958 7922 7885 7847 7809 7771 7732 7692 

140 1.149 8364 8332 8300 8268 8235 8202 8169 8135 8100 8066 
130 1.282 8656 8629 8601 8573 8544 8515 8486 8456 8425 8395 

120 1.422 8912 8888 8864 8839 8814 8789 8763 8737 8710 8684 
110 1.567 9133 9113 9092 9070 9049 9027 9004 8982 8959 8935 

100 1.719 9324 9306 9288 9270 9251 9232 9213 9194 9174 9154 
90 1.879 9488 9472 9457 9441 9425 9409 9393 9376 9359 9342 

80 2.047 9626 9614 9600 9587 9574 9560 9546 9532 9517 9503 
70 2.225 9743 9732 9721 9710 9699 9687 9676 9664 9651 9639 

60 2.417 9840 9831 9822 9813 9804 9794 9784 9774 9764 9754 
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12A-52 HALON 1301 FLRE EXTINGU ISHING SYSTEMS 

Table H.1 G) Halon 1301 at 360 psi and 60 lb/ft3 Y and Z Factors 

y 

psi z 0 1 2 3 4 5 6 7 8 9 

280 0.004 98 0 0 0 0 0 0 0 0 0 
270 0.051 1056 962 868 774 678 583 487 390 293 196 

260 0.102 1969 1880 1790 1700 1609 1518 1427 1335 1242 1150 
250 0.158 2834 2750 2665 2579 2494 2407 2321 2233 2146 2057 

240 0.219 3650 3571 3491 3410 3330 3248 3166 3084 3001 2918 
230 0.286 4415 4341 4266 4191 4115 4039 3962 3885 3807 3729 

220 0.360 5129 5060 4990 4920 4850 4779 4707 4635 4562 4489 
210 0.440 5789 5726 5662 5597 5532 5466 5399 5333 5265 5197 

200 0.527 6397 6339 6280 6220 6160 6100 6039 5977 5915 5853 
190 0.621 6952 6899 6845 6791 6736 6681 6625 6569 6512 6455 

180 0.722 7456 7408 7359 7310 7260 7210 7160 7108 7057 7005 
170 0.829 7910 7866 7823 7778 7734 7689 7643 7597 7550 7503 

160 0.942 8316 8278 8239 8199 8159 8119 8078 8036 7995 7952 
150 1.062 8678 8644 8609 8574 8538 8503 8466 8429 8392 8354 

140 1.187 8998 8968 8937 8906 8875 8843 8811 8778 8745 8712 
130 1.318 9280 9254 9227 9199 9172 9144 9115 9087 9058 9028 

120 1.455 9527 9503 9480 9456 9432 9408 9383 9358 9332 9306 
110 1.598 9741 9721 9700 9680 9659 9638 9616 9594 9572 9549 

100 1.748 9926 9909 9891 9873 9855 9837 9818 9799 9780 9761 
90 1.905 10085 10070 10055 10040 10024 10009 9993 9976 9960 9943 

80 2.071 10220 10207 10195 10182 10169 10155 10142 10128 10114 10099 
70 2.248 10334 10323 10313 10302 10291 10279 10268 10256 10244 10232 

60 2.437 10429 10420 10411 10402 10393 10384 10374 10364 10354 10344 
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ANNEX H 12A-53 

Table H-l(k) Halon 1301 at 360 psi and 50 lb/ ft3Y and ZFactors 

y 

psi z 0 2 3 4 5 6 7 8 9 

290 0.008 195 98 0 0 0 0 0 0 0 0 
280 0.051 1148 1055 961 867 772 677 581 485 389 292 

270 0.098 2059 1970 1880 1790 1700 1609 1518 1426 1334 1241 
260 0.150 2926 2841 2756 2670 2584 2498 2411 2324 2236 2148 

250 0.206 3747 3667 3586 3505 3424 3342 3260 3177 3094 3010 
240 0.268 4521 4446 4370 4294 4217 4140 4062 3984 3906 3827 

230 0.335 5247 5177 5106 5035 4963 4890 4818 4744 4670 4596 
220 0.408 5925 5859 5793 5727 5660 5592 5524 5456 5387 5317 

210 0.487 6552 6491 6430 6369 6307 6244 6181 6118 6054 5989 
200 0.573 7129 7074 7018 6961 6904 6847 6789 6730 6671 6612 

190 0.666 7658 7607 7556 7504 7452 7400 7347 7293 7239 7184 
ISO 0.764 8138 8092 8046 7999 7952 7904 7856 7807 7758 7708 

170 0.870 8572 8530 8489 8446 8404 8361 8317 8273 8228 8183 
160 0.981 8961 8924 8887 8849 8810 8772 8733 8693 8653 8613 

150 1.097 9308 9275 9242 9208 9174 9140 9105 9069 9034 8998 
14 0 1.220 9617 9587 9558 9528 9498 9467 9436 9405 9373 9341 

130 1.348 9889 9863 9837 9811 9784 9757 9730 9702 9674 9645 
120 1.482 10127 10105 10082 10059 10036 10012 9988 9963 9939 9914 

110 1.623 10335 10316 10296 10276 10255 10235 10214 10193 10171 10149 
100 1.770 10515 10498 10481 10464 10446 10428 10410 10392 10373 10354 

90 1.926 10670 10656 10641 10626 10611 10596 10580 10564 10548 10532 
80 2.090 10802 10790 10777 10765 10752 10739 10725 10712 10698 10684 

70 2.264 10913 10903 10893 10882 10871 10860 10849 10837 10826 10814 
60 2.454 11006 10998 10989 10980 10971 10962 10953 10943 10933 10923 
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12A-54 HALON 1301 FLRE EXTINGUISHING SYSTEMS 

Table H.1 (I) Halon 1301 at 360 psi and 40 lb/ ft3 Y and Z Factors 

y 

psi z 0 2 3 4 5 6 7 8 9 

300 0.011 292 195 98 0 0 0 0 0 0 0 
290 0.051 1239 1146 1053 959 865 770 675 580 484 388 
280 0.094 2149 2060 1970 1880 1790 1669 1608 1516 1425 1332 
270 0.142 3017 2932 2847 2761 2675 2588 2501 2414 2326 2237 
260 0.194 3843 3763 3682 3600 3518 3436 3353 3270 3186 3102 
250 0.251 4626 4550 4473 4396 4318 4240 4162 4083 4003 3924 
240 0.313 5363 5292 5219 5147 5074 5000 4926 4852 4777 4702 
230 0.380 6055 5988 5920 5852 5784 5715 5646 5576 5505 5435 
220 0.453 6700 6637 6574 6511 6447 6383 6318 6253 6188 6121 
210 0.532 7297 7240 7182 7123 7064 7004 6944 6884 6823 6762 
200 0.616 7848 7795 7742 7688 7634 7579 7523 7468 7411 7355 
190 0.707 8353 8304 8256 8206 8156 8106 8056 8004 7953 7901 
180 0.805 8812 8768 8724 8679 8634 8588 8542 8495 8448 8401 
170 0.908 9228 9188 9148 9107 9066 9025 8983 8941 8899 8856 
160 1.016 9601 9566 9530 9493 9457 9420 9382 9344 9306 9267 
150 1.131 9936 9904 9872 9839 9807 9773 9740 9706 9671 9637 
140 1.251 10233 10205 10176 10148 10118 10089 10059 10029 9998 9967 
130 1.377 10496 10471 10446 10421 10395 10369 10342 10315 10288 10261 
120 1.508 10727 10705 10683 10661 10638 10615 10592 10569 10545 10521 
110 1.646 10929 10910 10891 10872 10852 10832 10811 10791 10770 10749 
100 1.792 11105 11088 11072 11055 11038 11020 11003 10985 10966 10948 
90 1.945 11256 11242 11227 11213 11198 11183 11168 11153 11137 11121 
80 2.107 11385 11373 11361 11348 11 336 11 323 11310 11297 11283 11270 
70 2.280 11494 11484 11474 11463 11453 11442 11431 11420 11408 11397 
60 2.465 11586 11577 11569 11560 11 551 11542 11533 11523 11514 11504 

Table H.1 (m) Two-Phase Solution 

L EQL Elevation Rate Start End 
Section Pipe (ft) (ft) (ft) (lb/ sec) (psi) (psi) 

1-2 1 in. 27 58 7 8 243 197 
Sch.40 

2-3 Y.. in. 15 19 0 4 197 181 
Sch. 40 

2-4 % in. 15 19 0 4 197 181 
Sch. 40 
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ANNEX H 
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Annex I Fire Extinguishment 

This annex is not a part of the 1·equirement.s of this NFPA dowment 
but is included for informational pwposes only. 

1.1 Introduction. Halon 1301, like other halogenated hydro­
carbons, chemically inhibits the propagation of flame. 
However, although the presence of Halon 1301 in the vicinity 
of a deep-seated fire will exti..t1.guish the flame, thereby greatly 
reducing the rate of burning, the quantity of agen t required 
for complete extinction of all embers is d ifficult to assess. I t 
depends on the nature of the fue l, its state of comminution, its 
distribution \vi thin the encl osure, the length of time it has been 
burning, the rati o of the area of the burning surface to the 
volwne of the enclosw·e, and the degree of ventilation in the 
enclosure . I t is usually difficult o r impractical to maintain an 
adequate concentration for a sufficient time to ensure til.e 
complete extinction of a deep-seated fire . H owever, til.e 
concentration should b e mainta ined for the time period 
required to obtain response by emergency personnel. 

1.2 Fires in Solid Materials. Two types of fires can occur in 
solid fue ls: one in which volati le gases resulting from heating or 
decomposition of the fuel surface are the source of combus­
tion; and another in which oxidation occurs at the surface of, 
or \vithin, the mass of fue l. The former is commo nly referred to 
as "flaming" combustion, whil e the la tter is often called "smol­
dering'' or "glowmg" combustion. The twu types of fires 
frequent ly occur concurrently, a lthough one type of btu·ning 
can precede the other. For example, a wood fire can start as 
flaming combustion and become smoldet·ing as bw·ning 
progresses. Conve rsely, spontaneous ignition in a pile of o ily 
rags can begin as a smoldering fire and break into flames at 
some later point. Flaming combustion, because it occurs in til.e 
vapor phase, is promptly extinguished with low leve ls of Halon 
1301. In the absence of smoldering combustion, it will stay out. 

Smoldermg combustion is not subject to immediate extm­
guishment a~ is flaming combustion. Cha racteristic of tl1is type 
of combustion is the slow rate of heat losses from the reaction 
zone. Thus, the fuel remains hot enough to react with O)..}'gen , 
even til.ough the rate of reaction, which is controlled by diffu­
sion processes, is extremely slow. Smoldering fires can continue 
to burn fot· many weeks, for example, in bales of cotton and 
jute and within heaps of sawdust. A smolde ring fire ceases to 
burn only when e ither all of the availa ble oxygen or fuel h as 
been conswned or when the fuel surface is at too low a temper­
ature to react. These fires are usual ly extinguish ed by reducing 
the fuel temperature, either directly by application of a heat­
absorbi..tl.g medium, such as water, or by blanketing witil. an 
inert gas. T he ine rt gas slows the reaction rate to til.e point 
where heat generated by oxidation is less than heat losses to 
surrotmdings. T his cau ses the temperature to fal l be low til.e 
level necessary for spontaneous ignitio n after removal of the 
inert atmosphere. 
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For the purposes of this standard, smoldering fires are divi­
ded into nvo classes: (1) where the smoldering is not "deep 
seated" and (2) deep-seated fires. The difference is only a 
matter of degree, and the distinction is a functional one: If a 5 
percent concentration of Halon 1301 will not extinguish it 
within 10 minutes of application, it is considered to be deep 
seated. In practice, experiments have shown a rather sharp 
dividing Line benveen the nvo. Deep-seated fires usually require 
much higher concentrations than 10 percent and much longer 
soaking times than 10 minutes. 

'"'hether a fire will become deep seated depends, in part, on 
the length of time it has been burning before application of 
the extinguish ing agent. This time is usually called the 
"preburn" time . Underwriters Laboratories' wood crib fires 
(lA) and stacks of wood pallets have been readily extinguished 
with less than 5 percent Halon 1301 maintained for less than 
10 minutes following discharge. (See UL 711.) In these tests, a 
10-minute preburn was allowed. Charcoal, the ultimate product 
of a wood fire, required over 30 minutes for complete extin­
guishment in a 5 percent Halon 1301 conceno·ation . In char­
coal fires, higher agent concentrations were found to reduce 
the soaking times. At a 10 percent concentration, a 20-minute 
soaking time was required, and at 20 percent, the soaking time 
was reduced below 15 minutes. 

Another important variable is the fuel configuration. While 
wood cribs and pallets are easily extinguished with 5 percent 
Halon 1301, vertical wood panels closely spaced and parallel 
require about 25 percent concentrations for 30 to 40 minutes 
for extinguishment. Fires in boxes of excelsior and in piles of 
shredded paper also required about 20 percent Halon 1301 for 
extinguishment. In these situations, heat tencls to be retained 
in the fuel array rather than be ing dissipated to the surround­
ings. Radiation is an important mechanism for heat removal 
from smoldering fires. 

Experiments with a similar agent, Halon 1211, have shown 
that the ratio of the burning surface area to the enclosure 
volume can affect the concentration-soaking time requirements 
for some deep-seated fires . Low area/volume ratios required 
higher agent conceno·ations and longer soaking times than 
higher ratios did. In other words, small fires in large enclosures 
were more difficult to extinguish than the contrary situation . 
This suggested that oxygen depletion is important in the extin­
guishment of deep-seated fires. 

To date, no firm basis h as been developed to predict the 
agent requirements for a deep-seated fire. In a practical sense, 
however, the use of a Halon 1301 system for control or extin­
guishment of a deep-seated fire is usually unato·active. Long 
soaking times are usually difficult to maintain without an ex­
tended agent discharge, and at high agent concentrations 
these systems become rather expensive. The use of Halon 1301 
systems will generally be Limited to solid combustibles that do 
not become deep seated. 

The deep-seated potential of a solid material in a g iven situa­
tion can be established positively only by experiment. The 
information given in this standard can assist the authority 
having jurisdiction in deciding whether such experimentation 
is necessary. Ta ble I. 2(a) provides the quantity of fuel required 
to ach ieve Y2 of lower explosive limit in air at 1.0 atrn and 700F 
(2l°C). Table I. 2( b) provides information on the development 
of Halon 1301 design concentrations for flame extinguishment 
for certain fuels. 
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Table 1.2(a) Quantity of Fuel Required to Achieve of Lower 
Explosive Limit in Air at 1.0 atm and 70°F (21 oq 

Fuel Quantity (per enclosed volume) 

Material 

n-Butane 
Isobutane 
Carbon disulfide 
Carbon 

monoxide 
Ethane 
Ethyl alcohol 
Ethylene 
n-Heptane 
Hydrogen 
Methane 
Propane 

0.0014 0.0224 
0.0016 0.0256 

0.00099 0.0159 
0.0045 0.0721 

0.0012 
0.0018 
0 .0020 
0.0016 

O.OOOll 
0.0011 
0.0013 

0.0192 
0.0288 
0.0320 
0.0256 
0.0018 
0.0176 
0.0256 

Table 1.2(b) Development of Halon 1301 Design 
Concentrations for Flame Extinguishment 

Concentration in Air in Volume Percent 

Safety 
Fuel Average" Factor Total Designb Reference 

Acetone 3.3 +0.7 =4.0 5.0 
Benzene 3.3 +0.7 =4.0 5.0 
Ethanol 3.8 +0.8 =4.6 5.0 
Ethylene 6.8 +1.4 =8.2 8.2 
Methane 3.1 +0.7 =3.8 5.0 
n-Heptane 4.1 +0.8 =4.9 5.0 
Propane 4.3 +0.9 =5.2 5.2 

"Average of values reported in references measured at e levated 
temperature conditions. 

1,2,3 
1,2,3 
1, 2, 3 
1, 2, 3 
1,2,3 
1,2,3 
1, 2, 3 

bMeasured extinguish ing concentration plus safety factor are increased 
to a minimum 5 percent for design concentrations. 
References: 
l. Bajpai, S. N., "Extinction of Diff\.tsion Flames by 1-lalons," FrvlRC 
Serial No. 22.'>45, Report No. 76-T-59, J uly 1976. 
2. Riley,J. F., and K. R. Olson, "Determination of Halon 1301/ 1211 
Threshold Extinguishment Concentrations Using the Cup Burner 
Method," Ansul Report AL-530A, J uly 1, 1976. 
3. Data on file ar NFPA. 
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Annex J Surface Fires 

77zis annex is not a pm·t of the 1·equirements of this NFPA document 
but is included for informational purposes only. 

J.l Introduction. Most materials that develop deep-seated 
fires do so after exposure to flaming combustion for a certain 
length of time, which varies with the material. In others, the 
fire can begin as deep seated through internal ignition, such as 
spontaneous heating. 

Surface fires associated with the burning of solid material~ 
are also quickly extinguished by Halon 1301. In many solid 
materials, smoldering combustion can continue at the surface 
of the fuel after extingu ishment of the flames. These surface 
embers will normally be extinguished by low concentrations of 
Halon 1301 maintained for short periods of time. 

Deep-seated fires can become established beneath the 
sw·face of a fibrous or par-ticulate material. This situation can 
result from flaming combustion at the surface or from ignition 
within the mass of fuel. Smoldering combustion then 
progresses slowly tlu·ough the mass. A fire of this kind is refer­
red to in this standard as a deep-seated fire . The burning rate 
of these fires can be reduced by the presence of Halon 1301, 
and they can be extinguished if a high concentration can be 
maintained for an adequate soaking time. However, it is not 
normally practical to maintain a suffi cient concentration of 
Halon 1301 for a sufficient time to extinguish a deep-seated 
fire . 

J.2 Solid Surface Fires. Almost all flammable solids begin 
burning on the surface. In many materials, such as plastics 
without filler materials, surface combustion is the only type that 
occurs. These fires are readily extinguished with a S percent 
concenu·ation of Halon 1301. Although glowing embers can 
remain at the surface of the fuel following extinguishment of 
flames, these embers will usually be completely extinguished 
within 10 minutes, provided the Halon 1301 concentt·ation is 
maintained around the fuel for this period of time. It is appro­
priate to consider maintaining the agent concentration around 
the fuel until response by emergency pet·sonnel can be 
achieved. 

J.2.1 Halon 1301 Requirements for Surface Fires. The follow­
ing twu basic types of extinguishment data have been obtained 
for Halon 1301: 

(1) Flame extinguishment data, which determine the agent 
concentration necessary to extinguish a flame of a partic­
ular fuel 

(2) Inerting data, which determine d1e minimum premixed 
agent concenu·ation to suppress propagation of a flame 
front at d1e "flammabili Ly peak," or stoichiometric 
fuel/air composition 

Flame extinguishment data generally relate closest to the 
concentration actually required in a fire extinguishing system. 
The test recommended for d1ese measurements is the cup 
burner method similar to that described in Bajpai, 1976; Booth 
eta!., 1976; and Riley eta!., 1976. Liquid fuels are examined at 
the following tw'O temperatures: 

(1) Ambient: 2S°C, or approximately S°C above ASTM open­
cup flash point of the fuel, whichever is higher 

(2) Elevated: approximately soc below the boiling point of the 
fi.1el, or 200°C, whichever is lower 
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Gaseous fuels are examined at two temperatures, 2S°C and 
1S0°C. A 20 pet-cent safety fact01· is added to expet·imental 
threshold concentrations. Design concenu·ations less than S 
percent Halon 1301 are not used for flame exti nguishment. 
Measured flame extinguishment data plus safety factor that are 
less than S percent should be increased to a S percent mini­
mum because the potential array of fuels likely to be involved 
in every real fire requit·es the higher concentration. 

The cup burner test method has been shown to compare 
well with other test methods and with tests at larger scale. Data 
produced by the cup burner a t·e somewhat more conservative 
than those of tests using conventional total flooding tech­
niques. (See M.1.2. 7.) 

In inerting measm·ements, a fuel/air mixture is contained in 
a test chamber, and an ignition source is activated. If the 
mixture cannot support a flame front, the mixntre is consid­
ered to be nonflammable. Typical results can be plotted as 
shown in FigureJ.2.l. 

The normal flammability range that exists when no agent is 
present is shown at the left-hand side of the graph. As Halon 
1301 is added to the system, the flammability range is reduced 
until it finally disappears entirely. The agent concentration at 
which this occw·s is called the "flammability peak" concentra­
tion. All fuel/air mixtures containing concentrations of agent 
equal to or greater than the flammability-peak value are 
nonflammable, hence the term "inert." The results in Table 
S.4.l.l.l were measured using a spherical vessel described in 
Dalzell, 197S. 

The choice between using the flame extinguishing concen­
tration or the inerting concenu·ation fo r a given fuel depends 
on (1) the volatility characteristics of the fuel, (2) the quantity 
of fuel present, and (3) the conditions of use in the hazard. 
Applying Halon 1301 at d1e flame extinguishment concen u·a­
tion to actual fires will effectively extinguish the fire without 
sacrificing the reliability of the system. It is desirable to use this 
lower concentration when possible because of the followi ng 
advantages: 

(1) The cost of the system wil l be correspond ingly lower. 
(2) The concentration to which personnel wi ll be (inadver­

tently) exposed will be lower. 

The danger in supplying this lower concentration is that, at 
some time after extinguishment, a flammable concentration of 
fuel, air, and agent could possibly be attained through release 
or vaporization of additional fuel. This is more likely with 
highly volatile liquid fuels, gaseous fuels, or fuels heated to 
near their flash point than it is with high flash point liquids o t· 
solid fuels. In addition, stratification of the evolved fuel vapors, 
the size and possible duration of the fire, and other materials 
that can become heated or involved in the fire must be taken 
into account. If d1e volatil ity of the fue l can be shown to be 
sufficiently low, and the detection-plus-extinguishment time is 
short enough to prevent the volatility of the fuel from reaching 
its flash point as a result of the fire, the use of flame extinguish­
ment data is adequate . 

In addition, the extinguishing concenu·ation can be used if 
the amount of fuel present in the hazard is too low to permit 
attainment of the lower flammable limit of the fuel. The mini­
mum fuel quantity required to achieve the lowet· explosive limit 
is as follows: 
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pounds offuel quantity (LFL)(MW) (l.37) 

100 ft 3 of enclosed volume T + 460 

where: 
LFL = lower flammable limit offuel in air,% (vol) 
MW = molecular weight of fuel 

T = temperamre (°F) 

For SI units: 

( I 3 ) (LFL)(MW)(4.75) 
fue l quantity kg rw = -'------'--'---'-'----"-

K 

where: 
K = Kelvin = oc + 273.15 

u.2.l a] 

u .2. t b] 

To account for possible stratification effects that might 
create localized explosive pockets, the fuel quantity as deter­
mined above should be divided by an appropriate safety factor. 
Table I.2(a) lists quantities for several fuels, to which an arbi­
trary safety factor of 2 has been applied. Greater safety factors 
can be required by individual sinmtions. 

14 

a; 
2 12 -c 
Q) 

e 
10 Q) 

c. 
Q) 

E 
:J 

g 

I 

: Flammability 
:peak at 
: 160°C 
:temperature 

0 
I 
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FIGURE J .2.1 Typical Flammability-Peak Concen tration. 
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Annex K Total Flooding Q uantity 

This annex is not a part of the 1"UJuirements of this NFPA document 
but is included fm· informational purposes only. 

K.l Total Flooding Quantity. The volume of Halon 1301 
required to develop a given concentration will be greater than 
the final volume remaining in the enclosure. 

In most cases, Halon 1301 must be applied in a mannet· that 
promotes progressive mixing of the atmosphere. As Halon 
1301 is irDected, the displaced atmosphere is exhausted freely 
fmm the enclosw·e thmugh small openings or through special 
vents. Some Halon 1301 is therefore lost with the vented atmos­
phere, and the higher the concentration, the greater the loss of 
halon. 

For the purposes of th is standard, it is assumed that the 
Halon 1301/air mixture lost in this manner contains the fina l 
design concentration of Halon 1301. This represents the worst 
case from a theoretical standpoint and provides a bttilt-in safety 
factor to compensate for non-ideal d ischarge arrangements. 

Table K.l(a) and Table K.l(b) show a tabulation of the 
Halon 1301 weight per cubic foot of hazard volume required to 
produce the specified concentration of various hazard temper­
ature conditions. 

The initial discharge is to be completed within the limits 
specified in 5 .7 .1.2. [SeeFigureK.l(a) andFigureK.l(b) (Metric).} 
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Table K.1 (a ) Halon 1301 Total Flooding Q uantity 

Halon 1301 
Halon 1301 Weight Requiremen ts o f Hazard Volume (W /V) [lb/ft3] 

Tempera ture Specific Vapor 
(t) Volume(s) Halon 1301 Concentra tion (C) [% by Volume] 

(oF) [ft3 / lb] 3 4 5 6 7 8 9 10 

- 70 1.8468 0.0167 0.0225 0.0285 0.0345 0.0407 0.0471 0.0536 0.0602 
-60 1.8986 0.0163 0.0219 0.0277 0.0336 0.0396 0.0458 0.0521 0.0585 
-50 1.9502 0.0158 0.0213 0 .0270 0.0327 0 .0386 0.0446 0.0507 0.0570 

- 40 2.0016 0.0154 0.0208 0 .0263 0.0319 0.0376 0.0434 0.0494 0.0555 
-30 2.0530 0.0151 0.0203 0.0256 0.0311 0.0366 0.0423 0.0482 0.0541 
-20 2.1042 0.0147 0.0198 0.0250 0.0303 0 .0357 0.0413 0.0470 0.0528 
- 10 2.1552 0.0143 0.0193 0.0244 0.0296 0.0349 0.0403 0.0459 0.0515 

0 2.2062 0.0140 0.0189 0.0239 0.0289 0 .0341 0.0394 0.0448 0.0504 

10 2.2571 0.0137 0.0185 0.0233 0.0283 0.0334 0.0385 0.0438 0.0492 
20 2.3078 0.0134 0.0181 0.0228 0.0277 0.0326 0.0377 0.0429 0.0481 
30 2.3585 0.0131 0.0177 0.0223 0.0271 0.0319 0.0369 0.0419 0.0471 
40 2.4091 0.0128 0.0173 0.0218 0.0265 0.0312 0.0361 0.0411 0.0461 
50 2.4597 0.0126 0.0169 0.0214 0.0260 0.0306 0.0354 0.0402 0.0452 

60 2.5101 0.0123 0.0166 0 .0210 0.0254 0.0300 0.0346 0.0394 0.0443 
70 2.5605 0.0121 0.0163 0.0206 0.0249 0.0294 0.0340 0.0386 0.0434 
80 2.6109 0.0118 0.0160 0.0202 0.0244 0 .0288 0.0333 0.0379 0.0426 
90 2.6612 0.01 16 0.0156 0.0198 0.0240 0 .0283 0.0327 0.0371 0.0417 
100 2.7114 0.0114 0.0154 0.0194 0.0235 0 .0277 0.0320 0.0365 0.0410 

110 2.7616 O.Dl 12 0.0151 0.0190 0.0231 0.0272 0.0315 0.0358 0.0402 
120 2.8118 0.0110 0.0148 0.0187 0.0227 0.0267 0.0309 0.0351 0.0395 
130 2.8619 0.0108 0.0145 0.0184 0.0223 0.0263 0.0303 0.0345 0.0388 
140 2.9119 0.0106 0.0143 0.0181 0.0219 0.0258 0.0298 0.0340 0.0382 
150 2.9620 0.0104 O.ol40 0.0178 0.0215 0.0254 0.0293 0.0334 0.0375 

160 3.0120 O.Dl03 0.0138 0.0175 0.0212 0.0250 0.0289 0.0328 0.0369 
170 3.0169 0.0101 0.0136 O.Dl72 0.0208 0.0246 0.0284 0.0323 0.0363 
180 3.1119 0.0099 0.0134 0.0169 0.0205 0.0242 0.0280 0.0318 0.0357 
190 3.1618 0.0098 0.0132 0.0166 0.0202 0 .0238 0.0275 0.0313 0.0351 
200 3.211 6 0.0096 0.0130 0.0164 0.0199 0.0234 0.0271 0.0308 0.0346 

Note: 
W/V[agent weight requirements (lb/ ft3

)] =pounds of agent required per cubic foot of protected volume to produce indicated concentration at 
temperature specified: 

[K.1a] 

w =~(lOoc- c) 
t [temperature (°F) ] =the design temperature in the hazard area 
s [specific volume (ft'1/ lb)] =specific volume of superheated Halon 1301 vapor approximated by the formula 

s = 2.2062 + 0.005046t 
where: 
l =temperature (°F) 
C [concentration (%) ] =volumetric concentration of Halon 1301 in air at the temperature indicated 
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Table K.1 (b) (Metric) Halon 1301 Total Flooding Quantity 

Halon 1301 
Halon 1301 Weight Requirements of Hazard Volume (W/V)[kg/ m3] 

Temperature Specific Vapor 
(t) Volume(s) Halon 1301 Concentration (C)[% by Volume] 

r·c1 [m3 / kg] 3 4 5 6 7 8 9 10 

-50 0.11946 0.2589 0.3488 0.4406 0.5343 0 .6301 0.7279 0.8279 0.9301 
-45 0.12230 0.2529 0.3407 0.4304 0.5219 0.6155 0.7110 0.8087 0.9085 
-40 0.12513 0.2472 0.3330 0.4206 0.5101 0.6015 0.6949 0.7904 0.8879 
-35 0.12797 0.2417 0.3256 0.4113 0.4988 0.5882 0.6795 0.7729 0.8683 
-30 0.13080 0.2364 0.3185 0.4024 0.4880 0.5754 0.6648 0.7561 0.8495 

-25 0.13364 0.2314 0.3118 0.3938 0.4776 0.5632 0.6507 0.7401 0.8314 
-20 0.13647 0.2266 0.3053 0.3857 0.4677 0 .5515 0.6372 0.7247 0.8142 
- 15 0.13931 0.2220 0.2991 0.3778 0.4582 0.5403 0.6242 0.7099 0.7976 
-10 0.14214 0.2176 0.2931 0.3703 0.4491 0.5295 0.6118 0.6958 0.7817 
- 5 0.14498 0.2133 0.2874 0.3630 0.4403 0.5192 0.5998 0.6822 0.7664 

0 0.14781 0.2092 0.2819 0.3561 0.4318 0.5092 0.5883 0.6691 0.7517 
5 0.15065 0.2053 0.2766 0.3494 0.4237 0.4996 0.5772 0.6565 0.7376 
10 0.15348 0.2015 0.2715 0.3429 0.4159 0.4904 0.5666 0.6444 0.7239 
15 0.15632 0.1979 0.2666 0.3367 0.4083 0.4815 0.5563 0.6327 0.7108 
20 0.15915 0.1943 0.2618 0.3307 0.4011 0.4729 0.5464 0.6214 0.6981 

25 0.16199 0.1909 0.2572 0.3249 0.3940 0 .4647 0.5368 0.6105 0.6859 
30 0.16482 0.1876 0.2528 0.3193 0.3873 0.4567 0.5276 0.6000 0.6741 
35 0.16766 0.1845 0.2485 0.3139 0.3807 0.4489 0.5187 0.5899 0.6627 
40 0.17049 0.1814 0.2444 0.3087 0.3744 0.4415 0.5100 0.5801 0.6517 
45 0.17333 0.1784 0.2404 0.3037 0.3683 0.4343 0.5017 0.5706 0.6410 

50 0.17616 0.1756 0.2365 0.2988 0.3623 0.4273 0.4936 0.5614 0.6307 
55 0.17900 0.1728 0.2328 0.2940 0.3566 0 .4205 0.4858 0.5525 0.6207 
60 0.18183 0.1701 0.2291 0.2895 0.3510 0.4139 0.4782 0.5439 0.6111 
65 0.18467 0.1675 0.2256 0.2850 0.3456 0.4076 0.4709 0.5356 0.6017 
70 0.18750 0.1649 0.2222 0.2807 0.3404 0.4014 0.4638 0.5275 0.5926 

75 0.19034 0.1625 0.2189 0.2765 0.3353 0.3954 0.4569 0.5196 0.5838 
80 0.19317 0.1601 0.2157 0.2725 0.3304 0.3896 0.4501 0.5120 0.5752 
85 0.19601 0.1578 0.2126 0.2685 0.3256 0 .3840 0.4436 0.5046 0.5669 
90 0.19884 0.1555 0.2095 0.2647 0.3210 0.3785 0.4373 0.4974 0.5588 
95 0.201 68 0.1534 0.2066 0.2610 0.3165 0.3732 0.4312 0.4904 0.5509 

Note: 
W/V[agent weight requirement~ (kg/ m3

)] ~kilograms of agent required per cubic meter of protected volume to produce indicated concentration at 
tern peramre specified: 

[K.lb] 

w =:-(IOoc-c) 
l [temperature CC)] ~the design temperature in the hazard area 
s [specific volume (m3 / kg)] ~specific volume of superheated Halon 1301 vapor can be approximated by the formula: 

s ~ 0.14781 + 0.0005671 
where: 
l ~ temperature (•C) 
C [concentration (%)]~vol umetric concenu·ation of Halon 1301 in air at the temperature indicated 
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Annex L Approval of Installations 

This annex is not a part of the 1·equirements of this NFPA dowment 
but is included for informational pwposes only. 

L.I Introduction. Where c ircumstances exist that require a 
discharge test, test agents sulfur hexafluoride or R-22 (chloro­
difluoromethane) can be used. These agents have b een identi­
fied as having charactet·istics similar to H alon 1301. The 
discharge test is not a substitute for any of the approval tests 
required in Section 5.7, except for the "puff' test (see 
6. 7.2.1.13). 

(1) Planningfm· a Dischmge Test. 

(a) A date and time should be set well in advance of the 
test to ensure that proper preparations are made. 

(b ) To ensure that the testing objectives are met, an 
evaluation team sh ould be set up, including the 
following: the user, the installe t~ and the authority 
having jmisdiction. 

(2) Preparing for a Dischmge Test. 

(a) All members of the testing evaluation team should 
meet and make sure all items on the pretest inspec­
tion have been resolved. 

(b) Before conducting an actual system test, a ll appm­
priate steps in the preceding predischarge checklist 
should be read and performed. (Disregard if the 
steps in the predischarge test have resulted in fa il­
u res to pass tests.) 

(c) The following equipment wi ll be required for the 
test: 

i. An accurate concentration meter capable of 
providing both direct readout and pt·intout . 
Multiple recorders can be required for large 
installations . 

11. A stopwatch. 
iii. Portable exhaust fans, if needed for post-test 

ven tila ti on . 
(3) Test Prepamtion. 

(a) Use of Halon 1301 as a test agent fmther reduces 
availability for fire extinguishing purposes. There­
fore, this standard recommends that Halon 1301 
not be used as a test agent. 

(b ) \r\7hen using sulfm h exafluoride, the fo llowing infor­
mation sh ould be used for guidance. 

I. 

ii . 

Enclosure leakage rate of sulfur hexafluoride 
dispersed in a ir is nearly identical to Halon 
1301. The vapor densities of the two materials 
are almost the same. 
Distributio n in balanced piping systems is 
similar to that expected with Ha lon 1301. 
THIS SUBSTANCE MIGHT NOT BE SUITA­
BLE FOR TESTING HYDRAULICALLY 
COMPLEX SYSTEMS. Tests to dete rmine suit­
ability for testing hydraulically complex 
systems are ongoing . 

111. Sulfur hexafluoride is compatible with H alon 
1301 systems hardware. 

iv. The toxici ty of sulfur hexafluoride is no 
greater than that of Ha lon 1301. 

v. The dynam ic loads exerted on the piping 
network wi ll be similar to t hat of Halon 1301. 
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vi. The test cylinder should be filled to 
98 percent of the Halon 1301 we ight to 
achieve the same volume percent concentra­
tion . Cylinders with a DOT CTC rating of 
500 psig (3447 kPa) [typically used in 360 psig 
(2482 kPa) applications] will not meet DOT 
regulations for shipping when filled with 
sulfur hexafluo1·ide. However, these cylinders 
can be filled with sulfur hexafluoride and 
safely used and/or stored at the job site, provi­
ded the temperature of the cylinders is not 
a llowed to go above l00°F (37.8°C) . 

vii. Test meters used for Halon 1301 are suitable 
for use with sulfur hexafluo1·ide . It is recom­
mended that test thermoconductivity meters 
be calibrated with a sample sulfur hexafluor­
ide in air. If desired, calibration with Halon 
1301 can be done, but percent concentration 
values must be multiplied by a factor of 2. 

VIU. Sulftu· hexafluoride is not a fi1·e extinguishing 
agent. 

ix. Sulfur hexafluoride ozone depletion is zero 
and not regulated by the Montreal Protocol. 

(c) vVhen using R-22 the following information should 
be used for guidance: 

i. Because of its lower vapor density, the enclo­
sure leakage rate of R-22 is slower than that 
for Halon 1301. 

ii. Distribution in balanced systems is similar to 
Ha lon 1301. Hydraulically complex systems 
might not be suitable for testing with this 
agent. 

111. Common materials of construction are satis­
factot·y for use with R-22. However, the 
compatibility with exposed Buna-N seals 
should be established for the duration of stor­
age . 

iv. Self-contained breathing apparatus must be 
used if personnel enter the protected space 
while the agent is present. The threshold limit 
value for R-22 is 1000 ppm by volume. 

v. The test cylinders should be filled to 
58 pe1·cent of the Halon 1301 weight. 

vi . The test meter should be calibrated with a 
sample of R-22 in a ir. Thermoconductivity 
meters used to measure Halon 1301 concen­
u·arions are suitable for this purpose. 

vii. The ozone depleting potential of R-22 is 
0.055, and the global warming potential is 
1760. As of September 18, 2015, the EPA has 
prohibited its use in fire protection systems, 
including as a test agent. 

viii. The suitability of R-22 at minimum cylinder 
fill densities has not been determined. 

ix. R-22 is not a recognized fire extinguishing 
agent. 

(d) Replacement 1301 should be on hand, and the 
replacement containers should be weigh ed at the 
site. 
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( 4) 'Test PwceduTe. The following guidelines are for informa­
tion purposes only and are not intended to replace 01· 
resu·ict the matlttfacturer's recommendations. The 
protected enclosure should be prepared as follows: 

(a) The room should be in the normal operating condi­
tion. Taping and other nonpermanent methods 
should not be allowed. 

(b) All openings tha t are to be automatically closed on 
system actuation should be in their normal open 
position (doors, fire datnpers, etc.) . 

(c) All ceiling tiles should be installed. 
(d) All nozzle locations should be checked for obsu·uc­

tions. All loose papers and light matedals that Catl 
be moved by the discharge of ha lon should be 
removed. 

(e) All areas where halon dischat·ge can stir up dust 01· 
debris that could damage equipment should be 
vacuumed cleatl to m inimize potential damage. 

(f) Adjacent rooms should be checked to make sure 
that halon migrating from the room will not trip 
adjacent halon systems or affect people or equip­
ment. 

(g) Provisions should be provided for removal of the 
halon at the end of the testing. 

(h) Experience h as shown that the p1·irnary cause of 
discharge test fa ilure is the inability to h old the 
specified concentration for the entire hold ing 
period. Room vacuum/ pressurization techniques 
should be considered for locating unwanted room 
leakage. These techniques are highly recommended 
for locating room leakage, both immediately pri01· 
to a discharge test and on a future periodic basis. 

(5) 11>st Evaluation. For total flooding systems, a listed or 
approved concentration meter should be used and cali­
brated in strict accordance with the mamtfacturer's 
instructions. The meters should be checked for accuracy 
by means of a known sample. Concentration readings 
should be taken at the poin t of the highest combustible 
being protected or at a level equivalent to 75 percent of 
the height of the enclosure, whichever is g1·eater. The 
sat11pling points should not be located less thatl 12 in. 
(305 mm) from the ceiling unless the combustibles being 
protected extend within the area, in which case special 
design consideration m ight be necessary. lf more than 
one space or compartment is being simultaneously 
protected, a sampling point should be located in each 
space in accordance with the preceding criteria . (The 
minimum design concenu·ation for the hazard should be 
achieved at all satnpling points in the enclosure within 
1 minute after the end of the initia l discharge.) For flam­
mable liquids and gases, the minimum specified concen­
u·ation need not be maintained for an extended period. 
For surface fire hazat·ds other than flammable liquids and 
gases, 80 percent of the minimum design concentration 
should be maintained for a period of 10 minutes after the 
initial discharge or as required by the authority having 
jurisdiction. Hazards involving deep-seated combustibles 
require main tenance of the design concentrations fo1· 
longer periods of time (see 5.4.2.2). \\There an inerting 
concentration is required, a more stringent test could be 
necessary. Refer to 5.2.6 to determine that concenu·ations 
do not exceed the safety limits specified therei n. A 
110 volt, 60 cycle power source should be available for 
operating a 1·ecordable-type analyzer. The power to the 
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analyzer should remain on when the fire extinguisher 
system is activated. The following information is provided 
as guidance when performing a full discharge test: 

(a) Halon analyzers should be field calibrated and 
adjusted, in accordance with the analyzer manufac­
l1.1rer's instructions, prior to each use . 

(b) If the system is linked to an alarm circuit providing 
local and remote fire call, the appropriate party 
should be notified and advised prior to and at the 
completion of the test. 

(c) The system should be acruated for discharge. 
(d) Concentration will be reported for the time period 

that the auth01·ity having jurisdiction has deter­
mined to be appropriate for that particular occu­
pancy. CAUTION: There should be no smoking in 
ot· awund the test at·ea during and after the 
discharge. 

(e) The following items should be complied with to 
designate the system as acceptable: 

i. Liquid discharge should be in accordance 
with 5.7.1.2. 

ii. The system should achieve the specified 
concentration in the protected volume within 
1 minute after the end of the initial discharge. 

iii. The specified concentration should be main­
tained for the specified holding period. 

tv. The system should be properly installed and 
should perform as designed without causing 
unacceptable damage to the protected 
volwne. 

(f) Once the requirement for hold time has been 
completed, ventilation to exhaust the halon from 
the area should be started and maintained as neces­
sary. 

(g) Operation of all auxiliary system functions, horns, 
lights, local and remote alarms, magnetic releases, 
and so on, should be confirmed. 

(6) Failun: Classification. Discharge test failure can be classi­
fied a~ one of the following: 

(a) Primary Failure. The failure of equipment necessary 
to complete system discharge and ach ieve initial 
design concentration ( i.e., hydraulic calculations, 
inoperative containers, control panel malfunction, 
etc.) . 

(b) Secondary Failun:. The failure of ancillary equipment 
that does not inhibit the system from completing 
discharge and achieving initial design concentra­
tion (i.e., dampers, door closures, bells, dry contact 
relays, etc.) . 

(c) Room Integrit)' Failun:. The failure of the worn to 
hold the specified concentration for the specified 
holding period. 

(7) 1est Documentation. The results of the test should be docu­
mented in report form for each member of the test team. 
This report should include, but not necessarily be limited 
to, the following: 

(a) A sketch of the protected area showing the location 
of sampling points, in plan and e levation. 

(b) Copies of clearly identified analyzer chart records 
showing halon concentration. This should also 
include analyzer calibration results, and the tapes 
should be signed by the authority having jurisdic­
tion . 
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(c) A sign off by each member of the test team. 
(8) Placing System Back in Service. The system should be placed 

back in service. (Refer to the manufacturer's recommen­
dations.) The steps should include, but not necessarily be 
limited to, the following: 

(a) VerifY that a ll detectors and manual pull stations 
have been reset. 

(b) Refurbish or replace agent storage containers with 
the pwper amount of agent. Containers should be 
weighed to verify the required a mount of agent. 

(c) VerifY that the system control unit is in a normal 
operating condition free of all fault indication. 
Nonnally this is done before arming each agent 
storage container release mechan ism. 

(d) Secure the system control uni t and lock where 
applicable. 

(e) VerifY that the e nd user has been properly instruc­
ted in the use and operation of this system. 

(f) Clean the area of a.11y debris that might have resul­
ted during the system installation. 

(g) VerifY that an emergency telephone number has 
been left with the end user. 

Annex M Informational References 

M.l Referenced Publications. The fo llowing documents or 
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Preparation, 8 .2.3.3 

Leakage Control, 8.2 .8 
Leakage Alteration, 8 .2.8.2 

Materials, 8.2.8.2.2 
Procedure, 8.2.8.2.1 

Leakage Identification, 8 .2.8.1 
Preliminary Preparations, 8.2.1 

Retention Calcu lation, 8.2.7 
Acceptance Criteria, 8 .2.7.2 

Calculation, 8.2.7.1 
Halon Mixture De nsi ty, 8.2.7.1.4 

Leak Fraction, 8 .2.7.1.3 
Lower Leakage Area, 8.2.7.1.2 
Minimum Height, 8.2.7.1.6 
Static Pressure, 8.2.7.1.5 

Time, 8 .2.7.1.7 
Total Leakage Area, 8 .2.7.1.1 

Sample Calculation, 8 .2.7.3 
Enclosure and System Data, 8.2.7.3.2 
General, 8 .2.7.3.1 
Preliminary Calculations, 8.2.7.3.3 

Sample Calculation Results, 8.2.7.3.6 
Suspended Ceiling Leakage Neutralization Method 

(Optional ), 8 .2.7.3.5 
Leakage Area Calculation, 8 .2.7.3.5.1 

Retention Calculation, 8.2.7.3.5.2 
Total Enclosure Leakage Method , 8 .2.7.3.4 
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Leakage Area Calculation, B.2. 7.3 .4.1 
Retention Calculation, B.2.7.3.4.2 

Test Report, B.2.9 
Explanatory Material, Annex A 

Filling Density 

Definition, 3.3.2 
Fire Extinguishment, Annex I 

Fires in Solid Materials, 1.2 
Introduction, 1.1 

-F-

-H­

Halogenated Extinguishing Agents, Annex C 

Ha lon Nomenclantre System, C.2 
Ha lon 1301, C.2.1 

Extinguishing Mechanism, C.2.1.3 
Fire Extinguishment Characteristics, C.2.1.2 
Physical Properties, C.2.l.l 

Introduction, C. I 

Hazards to Personnel, Annex D 

Decomposition Products of Halon 1301, D.3 
Hazards to Personnel, D.1 

Natural or Undecomposed H alon 1301, D.2 
Animals, D.2.1 
Humans, D.2.2 

-! ­

Informational References, Annex M 
Inspection, Maintenance, Testing, and Training, Chap. 6 

Approval o flnstallations, 6.7 
Installation Acceptance, 6.7.2 

Electrical Acceptance, 6.7 .2.3 
Enclosure Integrity Acceptance, 6.7.2.2, A.6.7.2.2 

Functional Testing, 6.7.2.4 
Mechanical Accept.'lnce, 6.7.2.1 

Container Test, 6.2 
Enclosure 1 nspection, 6.4 

Hose Test, 6.3 
Inspection and Tests, 6.1, A.6.1 
Maintenance, 6.5 
Train ing, 6.6 

Listed 
Definition, 3.2.3, A.3.2.3 

Normally Occupied Area 

Definition, 3.3.3, A.3.3.3 
Nozzles, Annex H 
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Introduction, H .l 

Piping, Annex F 
Introduction, F. I 

-P-

Minimum Piping Requirements for Halon 1301 Systems with 
360 psi (2482 kPa) and 600 psi (4137 kPa) Charging 
Pressure, F.2 

-R­

Referenced Publications, Chap. 2 

..S-

Shall 
Definition, 3.2.4 

Should 
Definition, 3.2.5 

Standard 
Definition, 3.2.6 

Storage Containers, Annex E 
Storage Containers, E.1 

Nitrogen Superpressurization, E.l.1 
Surface Fires, AnnexJ 

In trod uction,J.1 
Solid Surface Fires, .J.2 

Halon 1301 Requirements for Surface Fires, J.2.1 

System Design, Chap .. 5 
Altitude Adjustments, 5 .6, A.5.6 

Design Concentration Requirements, 5.4 
Fires in Solid Materials, 5.4.2 

Deep-Seated Fires, 5.4.2.2 
Solid Surface Fires, 5.4.2.1 

Determination of Halon 1301 Quantity for Total Flooding 
Systems, 5.5 

Tom! Flooding Quantity, 5.5.1 
Distribution System, 5.7 

Rate of Application, 5.7.1, A.5.7.l 
Discharge Time, 5.7.1.2, A.5.7. l.2 

Enclosure, 5.3 
Nozzle Choice and Location, 5.8 
Specifications, Plans, and Approvals, 5 .1 

Plans and Approvals, 5.1.2 

Specifications, 5.1.1 
System Flow Calculations, 5.2 

System Flow Calculations, Annex G 

Introduction, G.l 

-T­

Total Flooding Quantity, Annex K 

Tom! Flooding Quantity, K. l 



Sequence of Events for the Standards 
Development Process 

Once the cummt edition is published, a Standard is opened jo1· 
Public Inj7Ut. 

Step 1 - Input Stage 

• Input accepted from the public or other committees for 
consideration to develop the First Draft 

• Technical Committee holds First Draft Meeting to revise 
Standard (23 weeks); Technical Committee(s) with Cor­
relating Committee (10 weeks) 

• Technical Committee ballots on First Draft (12 weeks); 
Technical Committee(s) with Correlating Committee 
(11 weeks) 

• Correlating Committee First Draft Meeting (9 weeks) 
• Correlating Committee ballots on First Draft (5 weeks) 
• First Draft Report posted on the document information 

page 

Step 2 - Comment Stage 

• Public Comments accepted on First Draft (10 weeks) fol­
lowing posting of First Draft Report 

• If Standard does not receive Public Comments and the 
Technical Committee chooses not to h old a Second Draft 
meeting, the Standard becomes a Consent Standard and 
is sent directly to th e Standards Council for issuance (see 
Step 4) o r 

• Technical Committee holds Second Draft Meeting 
(21 weeks); Technical Committee(s) with Correlating 
Committee (7 weeks) 

• Technical Committee ballots on Second Draft (11 weeks); 
Technical Committee(s) with Correlating Committee 
(10 weeks) 

• Correlating Committee Second Draft Meeting (9 weeks) 
• Correlating Committee ballots on Second Draft 

(8 weeks) 
• Second Draft Report posted on the document informa­

tion page 

Step 3 - NFPA Technical Meeting 
• Notice oflntent to Make a Motion (NITMAM) accepted 

(5 weeks) following the posting of Second Draft Report 
• NITMAMs are reviewed an d valid motions a re cer tified 

by the Motions Committee for presentation at the NFPA 
Technical Meeting 

• NFPA membership meet~ each June at the NFPA Techni­
cal Meeting to act on Standards with "Certified Amend­
ing Motions" (certified NITMAMs) 

• Committee(s) vote on any successful amendments to d1e 
Technical Committee Reports made by the NFPA mem­
bership at the NFPA Technical Meeting 

Step 4 - Council Appeals and Issuance of Standard 

• Notification of intent to file an appeal to the Standards 
Council on Technical Meeting action must be filed within 
20 days of the NFPA Technical Meeting 

• Standards Council decides, based on all evidence, 
whether to issue the standard or to take other action 

Notes: 
1. Time periods are approximate; refer to published sched­

ules for actual dates. 
2 . Annual revision cycle documents with certified amend­

ing motions take approximately 101 weeks to complete. 
3 . Fall revision cycle documents receiving certified amend-

ing motions take approximately 141 weeks to complete. 

Committee Membership 
ClassificationS-'2'

3
'
4 

The following classifications apply to Committee members 
and represent their principal interest in the activity of the 
Committee. 

1. M Manufacturer: A r epresentative of a maker or mar­
keter of a product, assembly, or system, or portion 
thereof, d1at is affected by the standard. 

2. U User: A representative of an entity that is subject to 
the provisions of the standard or that voluntarily 
uses the standard. 

3. IM In.staller/Maintainer: A representative of an entity that 
is in the business of installing or maintaining a prod­
uct, assembly, or system affected by the standard. 

4. L Labor: A labor representative or employee concerned 
with safety in the workplace. 

5. RT ApjJlied Research/Testing Laboratory: A representative 
of an independent testing laboratory or indepen­
dent applied research organization that promulgates 
and/ o r enfo rces standards. 

6. E EnforcingAutlwrity: A representative of an agency or 
a n o rganization that promulgates and/ or enforces 
standards. 

7. I Im·urance: A representative of an insmance company, 
broker, agent, bureau, or inspection agency. 

8. C Con.sumer: A person who is or represents the ultimate 
purchaser of a product, system, o r service affected by 
the standard, but who is not included in (2) . 

9. SE Specicd l!-xpert: A person not representing ( 1) through 
(8) and who has special expertise in the scope of the 
standard or portion thereof. 

NOTE 1: "Standard" connotes code, standard, recom­
mended practice, o r guide. 

NOTE 2: A representative includes an employee. 

NOTE 3: While mese classifications will be used by the 
Standards Council to achieve a balance for Technical Com­
mittees, the Standards Council may determine that new 
classifications of member or unique interests need repre­
sentation in or der to foster the best possible Committee 
deliberations on any pr~ject. In this connection, the Stan­
dards Council may make such appointments as it deems 
appropriate in the public interest, such as the classification 
of"Utilities" in the National Electrical Code Committee. 

NOTE 4: Representatives of subsidiaries of any group are 
generally considered to have the same classification as the 
parent o rganization. 
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Submitting Public Input I Public Comment Through the Online Submission System 

Following publication of the current edition of an NFPA standard, the d evelopmen t of the next e di tion 
begins and the standard is open for Public Input. 

Submit a Public Input 

NFPA accep ts Public Input on docume nts through our online submission syste m at \V"Ww.nfp a.org. To use 
th e online submission system: 

• Choose a d ocument fro m the List of NFPA codes & standards o r filte r by Development Stage for 
"codes accepting public input." 

• Once you a re on the docume nt page, selec t the "Next Editio n" tab. 

• Choose the link "The next e di tion of this standard is now ope n for Public Input." You ' viii be asked 
to sign in or c reate a free online account with NFPA before using this system. 

• Follow the o nline instructio ns to submit your Public Input (sec www.nfpa.org/ publicinput for de­
tailed instructions) . 

• Once a Public Input is saved or submitted in the system , it can be located on th e "My Pro fi le" page 
by selec ting the "My Public Inputs/Comments/ NITMAMs" section. 

Submit a Public Comment 

Once th e First Draft Report becomes available the re is a Public Comment pe riod. Any o bjections or fur­
ther related changes to th e content of the F irst Draft must be submitted a t th e Comment Stage. To sub­
mit a Public Co mment follow the same steps as previously exp lained for the submission of Publ ic Input. 

Other Resources Available on the Document Information Pages 

Header: View document titl e and scope, access to our cod es and standards or NFCSS subscription , and 
sign up to receive email a lerts. 

Current & Prior 
Editions 

Next Edition 

Techn1col 
Committee 

Ask a Technicol 
Quesllon 

Purchase ProdL.K:ts 
& Training 

Research curren t and p revious edition info rmation. 

Follow the committee's progress in the processing of a standard in its next revision cycle. 

View cmrent committee rosters or app ly to a committee. 

Fo r members, officials, an d A.Fijs to submit standards questions to NFPA staff. O ur Technical 
Questions Service provides a convenient way to receive timely and consistent technical assistance 
when yo u n eed to know more about NFPA standards relevant to your work. 

Provides links to available articles and research and statistical r eports re lated to our standards. 

Discover an d purchase the la test products an d training. 

RelatedProdL.K:ts View re lated publications, training, and othe r resources available for pmchase. 
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Information on the NFPA Standards Development Process 

I. Applicable Regulations. T he primary rules goveming the pmcessing of NFPA standards (codes, standards, 
recommended practices, and guides) are the NFPA Regulations Governing the Development of NFPA Standanis (Regs). Other 
applicable rules include NFPA Bylaws, NFPA Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in 
the NFPA StandaHis Development Process, and the NFPA Regulations Goveming Petitions to the BoaTd of DiTecton from Decisions of 
the Standm"ds Council. Most of these rules and regulations are contained in the NFPA Standanis Direct01)'· For copies of the 
Directmy, contact Codes and Standards Administration at NFPA headquarters; all these documents are a lso available on the 
NFPA website at "www.nfpa.org/regs." 

The following is general information on the NFPA process. All participants, however, should refer to the actual rules and 
regulations for a full understanding of this process and for the criteria that govem participation. 

II. Technical Committee Report. The Technical Committee Report is defined as "the Report of the t-esponsible 
Committee(s), in accordance with the Regulations, in preparation of a new or revised NFPA Standard." The Technical 
Committee Report is in two parts and consists of the First Draft Report and the Second Draft Report. (See Regs at 
Section 1.4.) 

m. Step 1: First Draft Report. T he First Draft Report is defined as "Part one of the Technical Committee Report, which 
documents the Input Stage." The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee 
and Correlating Committee Statements, Con-elating Notes, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.3.) 
Any objection to an action in the First Draft Report must be raised through the filing of an appropriate Comment for 
consideration in the Second Draft Report or the objection will be considered resolved. [See Regs at 4.3.1 (b) .1 

IV. Step 2: Second Draft Report. The Second Draft Report is defined as "Part twu of the Technical Committee Report, 
which documents the Comment Stage." The Second Draft Report consists of the Second Drafi:, Public Comments with 
corresponding Committee Actions and Committee Statement5, Correlating Notes and their respective Committee 
Statements, Committee Comments, Correlating Revisions, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.4.) 
T he First Draft Report and the Second Draft Report together constimte the Technical Committee Report. Any outstanding 
objection following the Second Draft Report must be raised through an appropriate Amending Motion at the NFPA 
Technical Meeting Ot" the objection will be considet-ed resolved. [See Regs at 4.4.1 (b) .] 

V. Step 3a: Action at NFPA Technical Meeting. Following the publication of the Second Draft Report, there is a period 
during which those wishing to make proper Amending Motions on the Technical Committee Reports must signal their 
intention by submitting a Notice of Intent to Make a Motion (NITMAM) . (See Regs at 4.5.2.) Standards that t-eceive 
notice of proper Amending Motions (Certified Amending Motions) will be presented for action at the annual june NFPA 
Technical Meeting. At the meeting, the NFPA membership can consider and act on these Certified Amending Motions as 
well as Follow-up Amending Motions, that is, motions that become necessary as a result of a previous su ccessful Amending 
Motion . (See 4.5.3.2 through 4.5.3.6 and Table 1, Columns l-3 of Regs for a summary of the available Amending Motions 
and who may make them.) Any outstanding objection following action at an NFPA Technical Meeting (and any furthe r 
Technical Committee consideration follmving successful Amending Motions, see Regs at 4.5.3.7 through 4.6.5) must be 
raised through an appeal to the Standards Council or it will be considered to be resolved . 

VI. Step 3b: Documents Forwarded Directly to the Council. Where no NITMAM is received and certified in accordance 
\vith the Technical Meeting Convention Rules, the standard is forwarded directly to the Standards Cotmcil for action on 
issuance. Objections are deemed to be resolved for these documents. (See Regs at 4.5.2.5.) 

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council conceming procedural or substantive matters 
t-ela ted to the development, content, or issuance of any document of d1e NFPA or on matters within the purview of the 
authority of the Council, as established by the Bylaws and as determined by the Board of Directors. Such appeals must be in 
written form and filed with the Secretary of the Standards Council (see Regs at Section 1.6). Time constraints for fi ling an 
appeal must be in accordance \vith 1.6.2 of the Regs. Objections are deemed to be resolved if not pursued at th is level. 

VIII. Step 4b: Document Issuance. T he Standards Council is the issuer of all documents (see Article 8 of Bylaws) . The 
Council acts on the issuance of a document presented for action at an NFPA Technical Meeting \vi thin 75 days from the 
date of the recommendation from the NFPA Technical Meeting, unless d1.is period is extended by the Council (see Regs at 
4.7.2) . For documents forwarded directly to the Standards Council, d1e Council acts on the issuance of the document at its 
next scheduled meeting, or at su ch other meeting as the Council may determine (see Regs a t 4.5.2.5 and 4.7.4) . 

IX. Petitions to the Board of Directors. The Standards Coun cil has been delegated the responsibility for the 
administration of the codes and standards development process and the issuance of documents. However, where 
extraordinary circmnstances requiring the intervention of the Board of Directors exist, the Board of Directors may take 
any action necessary to fulfill its obligations to pt-eserve the in tegrity of the codes and standards development process 
and to protect the interests of the NFPA. T he rules for petitioning the Board of Directors can be found in the Regulations 
Governing Petitions to the BoaTd of DiTecton from Decisions of the Standm·ds Council and in Section 1.7 of the Regs. 

X. For More Information. The program for the NFPA Technical Meeting (as well as the NFPA website as information 
becomes available) should be consulted for the date on which each report scheduled for consideration at d1e meeting \vi ii 
be presented. To view the First Draft Report and Second Draft Report as well as information on NFPA rules and for up-to­
date information on schedules and deadlines for processing NFPA documents, check the NFPA website (v<ww.nfpa.org/ 
docinfo) or contact NFPA Codes & Standards Admin istration at (617) 984-7246. 
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