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This edition of NFPA 2001, Standard on Clean Agent Fire Extinguishing Svstems, was pre-
pared by the Technical Committee on Alternative Protection Options to Halon and acted
on by the National Fire Protection Association, Inc. at its Fall Meeting held November
15-18, 1993, in Phoenix, AZ. It was issued by the Standards Council on January 14,
1994, with an elfective date of Februarvy 11, 1994,

The 1994 cdition of this document has been approved by the \merican National
Standards Institute.

Origin and Development of NFPA 2001

The Technical Committee on Alternative Protection Options 1o Halon was organized
in 1991, and immediately started work to address the new total flooding clean agents
that were being developed to replace Halon 13010 A need existed on how to design,
install, maintain, and operate systems using these new dean agents, and NFPA 2001 was
established to address these needs. This is the first edition of NFPA 2001,
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NFPA 2001
Standard on

Clean Agent Fire Extinguishing Systems
1994 Edition

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

Information on referenced publications can be found in
Chapter 5 and Appendix C.

Chapter 1 General

1-1 Scope. This standard contains minimum requive-
ments for total flooding, clean agent fire extinguishing svs-
tems. It does not cover fire extinguishing systems that use
carbon dioxide, Halon 1301, Halon 1211, Halon 2402, or
water, which are addressed by other NFPA documents.

1-2 Purpose.

1-2.1 The agents in this standard were introduced in
response to international restrictions on the production of
certain halon fire extinguishing agents under the Montreal
Protocol signed September 16, 1987, as amended. This stan-
dard is prepared for the use and guidance of those charged
with purchasing, designing, installing, testing, inspecting,
approving, hsting, operating, and maintaining engineered or
pre-enginecered clean agent extinguishing systems, so that
such equipment will function as intended throughout its life.
Nothing in this standard is intended to restrict new technol-
ogies or alternate arrangements provided the level of safety
prescribed by this standard is not lowered.

1-2.2  No standard can be promulgated that will provide all
the necessary criteria for the implementation of a total flood-
ing. clean agent fire extinguishing system. Technology in this
area is under constant development, and this will be reflected
in revisions to this standard. The user of this standard must
recognize the complexity of clean agent fire extinguishing
systems. Therefore, the designer is cautioned that the stan-
dard is not a design handbook. The standard does not do
away with the need for the engineer or for competent engi-
neering judgment. It is intended that a designer capable of
applving a more complete and rigorous analysis to special or
unusual problems shall have latitude in the development of
such designs. In such cases, the designer is responsible for
demonstrating the validity of the approach.

1-3 Definitions and Units.

1-3.1 Definitions. For purpose of clarification, the fol-
lowing general terms used with special technical meanings
in this standard are defined:

Approved. Acceptable to the authority having jurisdiction.

NOTE: The Natonal Fire Protection Association does not
approve, inspect, or certify anv installations, procedures,
equipment, or materials: nor does it approve or evaluate
testing laboratories, In determining the acceptability of
installations, procedures, equipment, or materials, the
authority having jurisdiction may base acceptance on com-
pliance with NFPA or other appropriate standards. In the

1994 Edition

absence of such standards, said authority may 1equire evi-
dence of proper installation, procedure, or use. The authority
having jurisdiction may also refer to the listings or labeling
practices of an organization concerned with product evalua-
tions that is in a position to determine compliance with appro-
priate standards for the current production of hsted items.

Authority Having Jurisdiction. The organization,
office, or individual responsible for approving equipment,
an installation, or a procedure.

NOTE: The phrase "authority having jurisdiction™ is used
in NFPA documents in a broad manner, since jurisdictions
and approval agencies vary, as do their responsibilities.
Where public safetv is primary, the authority having juris-
diction may be a federal, state, local, or other regional
department or individual such as a fire chief: fire marshal;
chief of a fie prevention bureau, labor department. or
health department: building ofticial; electrical inspector: or
others having statutory authority. For insurance purposes,
an insurance inspection department, rating bureau, ov
other insurance company representative may be the
authority having jurisdiction. In many circumstances, the
property owner or his or her designated agent assumes the
vole of the authority having jurisdiction: at government
installations, the commanding officer or departmental offi-
ctal may be the authority having jurisdiction.

Clean Agent. Electrically nonconducting, volatile, or
gascous fire extinguishant that does not leave a residuce
upon evaporation. The word “agent”™ as used in this docu-
ment shall mean “clean agent”™ unless otherwise indicated.

Clearance. The air distance between clean agent
equipment, including piping and nozzles, and unenclosed
or uninsulated live electrical components at other than
ground potential.

Engineered Systems. Thosc requiring individual cal-
culation and design to determine the flow rates, nozzle
pressures, pipe size, area or volume protected by each noz-
Zle, quantity of clean agent, and the number and types of
nozzles and their placement in a specific system.

Fill Density. The mass of clean agent per unit of con-
tainer volume (c.g., Iyte?, kg/m").

Halocarbon Agent. A clean agent that contains as pri-
mary components one or more organic compounds contain-
ing one or more of the elements fluorine, chlorine, bromine.
or iodine. Examples are hydrofluorocarbons (HFCs), hydro-
chlorofluorocarbons (HCFCs), and perfluorocarbons (PFCs).

Inert Gas Agent. A clean agent that contains as pri-
mary components one or more of the gases helium, neon,
argon, nitrogen, or carbon dioxide.

Listed. Equipment or materials included in a list pub-
lished by an organization acceptable to the authority having

Jurisdiction and concerned with product evaluation that

maintains periodic inspection of production of listed equip-
ment or materials and whose listing states either that the
equipment or material meets appropriate standards or has
been tested and found suitable for use in a specificd manner.

NOTE: The means for identifving listed equipment mav
vary for cach organization concerned with product evalua-
tion, some of which do not recognize equipment as listed
unless it is also labeled. The authority having jurisdiction
should utilize the system employed by the listing organiza-
tion to identify a listed product.
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No Observed Adverse Effect Level. The highest con-
centration at which no adverse toxicological or physiologi-
cal effect has been observed.

NOAEL. Sce No Observed Adverse Effect Level.

Normally Occupied Area.* Onc that is intended for
occupancy.

Pre-Engineered Systems. Those having predeter-
mined flow rates, nozzle pressures, and quantities of clean
agent, These systems have the specific pipe size, maximum
and minimum pipe lengths, flexible hose specifications,
number of fittings, and number and types of nozzles pre-
scribed by a testing laboratory. The hazards protected by
these systems are specifically limited as to type and size by
a testing laboratory based upon actual fire tests. Limita-
tions on hazards that can be protected by these svstems are
contained in the manufacturer’s installation manual, which
is referenced as part of the listing.

Shall. Indicates a mandatory requirement.

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

Superpressurization. The addition of a gas to the fire
suppression agent container necessary to achieve the pres-
sure required for proper system operation.

Total Flooding. A system consisting of a supply of

clean agent arranged to discharge into, and fill to the
proper concentration, an enclosed space or enclosure
about the hazard.

1-3.2 Units.

1-3.2.1 Metric units of measurement in this standard are
in accordance with the modernized metric system known
as the International System of Units (S1). Two units (liter
and bar), outside of but recognized by SI, are commonly
used in international fire protection. These units are listed
in Table 1-3.2 with conversion factors.

1-3.2.2 If a value for measurement as given in this stan-
dard is tollowed by an equivalent value in other units, the
first stated is to be regarded as the requirement. A given
cquivalent value may be approximate.

Table 1-3.2 Metric Conversion Factors

Name of Unit Unit Symbol Conversion Factor

millimeter mm in. = 254 mm
liter L. 1 gal = 3.785 L.
cubic decimeter dm’ 1 gal = 3.785 dm’
cubic meter m' 1Y = 0.028317 m'
kilogram kg 11 = 04536 kg
kilograms per

cubic meter kg/m' Uit = 16.0183 kg/m'
pascal Pa 1 psi = 6GBY5 Pa
bar bar I pst = 0.0689 bar
bar bar 1 bar = 10" Pa

NOTE |1 For additional conversions and information see ASTM E380,
Stendard for Metnie Practice.

NOTE 2 In Canada refer to Canadin Metie Practice Gude, CSA Standard
CAN3-A234.1-79.

1-4 General Information.
1-4.1* Applicability of Clean Agents.

1-4.1.1 The clean agents addressed in this standard are
electrically nonconductive agents that extinguish fires and
leave no residue upon evaporation.

1-4.1.2*% Clean agents that meet the criteria of 1-4.1.1 and
are discussed in this standard are shown in Table 1-4.1.2.

Table 1-4.1.2 Clean Agents Addressed in this Standard

FC-3-1-10
HBFC-22B1
HCFC Blend A

Perfluorobutane CFy
Bromodifluoromethane CHF,Br
Dichlorotriffuoroethane CHCIL,CFy
HCFC-123 (4.75%)
Chlorodifluoromethane
HCOFC-22 (82%)
Chlorotetratluoroethane
HCFC-124 (9.5%)
[sopropenyl-1-
methylevdohexene
(3.75%)
Chlorotetrafluoroethane
Pentatluoroethane
Heptafluoropropane

CHCIF,

CHCIFCF,

HCFC-124
HFC-125
HFC-227ea

CHCIFCF,
CHF,CF,
CF,CHFCE,

HFC-23 Trifluoromethane CHF,

1G-511 Nitrogen (52%) Ny
Argon (40%) Ar
Carbon dioxide (8%%) €Oy

NOITE ;' Other agents mav become available at Later dates. They may be
added via the NFPA process in future editions or amendments of the standard.
NOTE 2: Composition of IG-341 is given in pereent by volume. Composi-
tion of HCFC Blend A is given in percent by weight

1-4.1.3 The design, installation, service, and maintenance
of clean agent svstems shall be performed by those skilled
in clean agent fire extinguishing system technology.

1-4.2 Use and Limitations.

1-4.2.1 Pre-enginceered systems consist of system compo-
nents designed to be installed according to pretested limi-
tations as listed by a testing laboratory. Pre-enginecred sys-
tems might incorporate special nozzles, flow rates, methods
of application. nozzle placement, and pressurization levels
that might differ from those detailed elsewhere in this stan-
dard. All other requirements of the standard apply. Pre-
engincered systems shall be installed to protect hazards
within the limitations that have been established by the
testing laboratories where listed.

1-4.2.2  Clean agent fire extinguishing systems are useful
within the limits of this standard in extinguishing fires in
specific hazards or equipment and in occupancies where an
clectrically nonconductive medium is essential or desirable,
or where cleanup of other media presents a problem.

1-4.2.3 Total Aooding, clean agent fire extinguishing sys-

tems are used primarily to protect hazards that are in

enclosures or equipment that, in itself, includes an enclo-

sure to contain the agent. Some tvpical hazards that may

be suitable include, but are not limited to, the following:
(a) Electrical and electronic hazards;

(b) Telecommunications facilities:
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(¢) Flammable and combustible liquids and gases; and
(d) Other high value assets.

1-4.2.4* Clean agent systems might also be used for
explosion prevention and suppression where flammable
materials might collect in confined areas.

1-4.2,5 Clean agents shall not be used on fires involving
the following materials, unless they have been tested to the
satisfaction of the authority having jurisdiction:

(a) Certain chemicals or mixtures of chemicals, such as
cellulose nitrate and gunpowder, that are capable of rapid
oxidation in the absence of air;

(b) Reactive metals such as lithium, sodium, potassium,
magnesium, titanium, zircontun, uranium, and plutonium;

(¢) Metal hydrides; or

(d) Chemicals capable of undergoing autothermal
decomposition, such as certain organic peroxides and
hyvdrazine.

1-4.2.6 Electrostatic charging of nongrounded conduc-
tors may occur during the discharge of liquefied gases.
These conductors may discharge to other objects, causing
an electric arc of sufficient energy to initiate an explosion.
(See NFPA 77, Recommended Practice on Statie Electricity.)

1-4.2,7 Where clean agent systems are used, a fixed
enclosure shall be provided about the hazard that is ade-
quate to enable the specified concentration to be achieved
and maintained for the specified period of time.

1-4.2.8*% 'The effects of agent decomposition on fire pro-
tection effectiveness and equipment shall be considered
where using clean agents in hazards with high ambient
temperatures (e.g., furnaces and ovens).

1-5 Safety.
1-5.1 Hazards to Personnel.

1-5.1.1* Unnecessary exposure to all clean agents and
their decomposition products shall be avoided. Agents for
which the design concentration is equal to or less than the
NOAEL shall be permitted for use in normally occupied
areas. Agents for which the design concentration is greater
than the NOAEL shall not be permitted for use in normally
occupied areas.

To keep oxygen concentrations above 16 percent, the
point at which onset of impaired personnel function
occurs, no halocarbon fire extinguishing agents addressed
in this standard shall be used in a normally occupied area
of concentration greater than 24 percent.

1-5.1.2* Safety Requirements. For fire situations, suitable

safeguards shall be provided to ensure prompt evacuation of

and prevent entry into hazardous atmospheres and also to
provide means for prompt rescue of any trapped personnel.
Safety items such as personnel training, warning signs, dis-
charge alarms, self-contained breathing apparatus, evacua-
tion plans, and fire drills shall be considered.

1-5.2 Electrical Clearances.

1-5.2.1 All system components shall be located to main-
tain no less than minimum clearances from energized elec-
trical parts. The following references shall be considered as
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the minimum electrical clearance requirements for the
installation of clean agent systems:

(a) ANSI C-2. National Electrical Safety Code

(b)Y NFPA 70, National Electrical Code®
29 CFR 1910 Subpart S.
1-5.2.2 Where the design basic insulation level (BIL) is
not available, and where nominal voltage is used for the
design criteria, the highest minimum clearance listed for
this group shall be used.

~—

(¢

1-5.2.3 The selected clearance to ground shall satisty the
greater of the switching surge or BIL duty, rather than
heing based on nominal voltage.

1-5.2.4 The clearance between uninsulated energized
parts of the electrical system equipment and any portion of
the clean agent system shall not be less than the minimum
clearance provided elsewhere for electrical system insula-
tions on any individual component.

1-5.2.,5 Where BIL is not available and where nominal
voltage is used for the design criteria, the highest mini-
mum clearance listed for this group shall be used.

1-6* Environmental Factors. When selecting an agent to
protect a hazard area, the effects of the agent on the envi-
ronment shall be considered. Selection of the appropriate
fire suppressant agent shall include consideration of the
following items:

(a) Potential environmental effect of a fire in the pro-
tected area; and

(b) Potential environmental effect of the various agents
that may be used.

1-7 Retrofitability. Retrofitting of any clean agent into
an existing fire extinguishing system shall result in a svs-
tem that is listed or approved.

1-8 Compatibility with Other Agents.

1-8.1* Mixing of clean agents in the same container shall
he permitted only if the system is listed.

1-8.2 Systems employing the simultaneous discharge of
different clean agents to protect the same enclosed space
shall not be permitted.

Chapter 2 Components

2-1 Agent Supply.
2-1.1 Quantity.

2-1.1.1 The amount of clean agent in the system shall be at
least sufficient for the largest single hazard protected or
group of hazards that are to be protected simultaneously.
This quantity of agent is defined as the primary agent supply.

2-1.1.2*  Where required, the reserve quantity shall be as
many multiples of the primary supply as the authority hav-
ing jurisdiction considers necessary.

2-1.1.3  Where uninterrupted protection is required, both
the primary and the reserve supply shall be permanently
connected to the distribution piping and arranged for easy
changeover.
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2-1.2* Quality. New clean agents shall comply with the stan-
dard of quality as shown in Tables 2-1.2(a), 2-1.2(b), and
2-1.2(¢). Each manufacturer’s batch shall be tested and certified
to the tolerances or specifications as indicated in the tables.

Table 2-1.2(a) Halogenated Clean Agent Quality Requirements

All Clean Agents
Listed in Standard

Mole %. minimum 99.0
Acidity ppm (by weight HCI equivalent),

maximum 3.0
Water content, % by weight, maximum 0.001
Nonvolatile residues, grams/100 mL

maximum 0.05

Table 2-1.2(b) Inert Gas Clean Agent Quality Requirements

1G-541
Conmposition, ¢ by Volume No 520 x 4%
Ar 0% + 1%

CO, 8% + 1%

- 0.0%

Water Content, % by Weight Maximum 0.005

Table 2-1.2(c) Blend Agent Quality Requirements

HCFC Blend A

HCFC 22 82+ 0.8%

HCFC 124 9.50 = 0L.09%
HCFC 123 4.75 = 0.05%
isopropenyl-1-methyleycdohexene 3.75 = 0.5%

Agent Quality Requirements

Note percent by weight.

2-1.3 Storage Container Arrangement.

2-1.3.1 Storage containers and accessories shall be so
located and arranged that inspection, testing, recharging,
and other maintenance are facilitated and interruption of
protection is held to a minimum.

2-1.3.2*% Storage containers shall be located as close as
possible to or within the hazard or hazards they protect.

2-1.3.3 Storage containers shall not be located so as to be
subject to severe weather conditions or to potential damage
due to mechanical, chemical, or other causes. Where
potentially damaging exposures might exist, suitable enclo-
sures or guards shall be provided.

2-1.3.4 Storage containers shall be securely installed and
secured according to the manufacturer’s listed installation
manual and in a manner that provides for convenient indi-
vidual servicing or content weighing.

2-1.3.5  Where storage containers are manifolded, auto-
matic means such as a check valve shall be provided to
prevent agent loss if the system is operated when any con-
tainers are removed for maintenance.

2-1.4 Storage Containers.

2-1.4.1* Storage Containers. The clean agent supply shall
be stored in containers designed to hold that specific agent at
ambient temperatures. Containers shall not be charged to a
fill density or superpressurization level different from the
manufacturer’s listing. Superpressurization levels other than
those shown in Table 2-1.4.1 shall be permitted.

2-1.4.2*% Each halocarbon agent container shall have a
permanent nameplate or other permanent marking speci-
tying the agent, tarc and gross weight, and superpressur-
ization level (where applicable) of the container. Each inert
gas container shall have a permanent nameplate or other
permanent marking specifying the agent, pressurization
level of the container, and nominal agent volume.

2-1.4.3 The containers used in these systems shall be
designed to meet the requirements of the U.S. Department
of Transportation or the Canadian Transport Commission,
if used as shipping containers. If not shipping containers,
they shall be designed, fabricated, inspected, certified, and
stamped in accordance with Section VIII of the ASME
Boiler and Pressure Vessel Code; independent inspection and
certification is recommended. The design pressure shall be
suitable for the maximum pressure developed at 130°F
(55°C) or at the maximum controlled temperature limit.

2-1.4.4 A reliable means of indication shall be provided
to determine the pressure in refillable superpressurized
containers.

2-1.4.5* For halogenated clean agents in a multiple con-
tainer system, all containers supplying the same manifold
outlet for distribution of the same agent shall be inter-
changeable and of one select size and charge.

Table 2-1.4.1 Storage Container Characteristics

HCFC
FC-3-1-10 HBFC-22B1 Blend A HCFC-124 HFC-125 HFC-227ea HFC-23 1G-541
Maximum fill density for condi-
tions listed below (Ib/ft*) 80.0 102.0 56.2 71.0 58.0 72.0 5.0 N/A
Minimum Container Design Level
Working Pressure (psig) 500 500 500 240.0 320.0 500 1800 2175
Total Pressure Level at 70°F (psig) 360 360 360 195.0 166.4* 360 608.9* N/A

Note:  The maximum fill density requirement is not applicable for 1G-541. Cylinders for [G-541 shall be DO 3A or 3AA, 2015 + stamped, or greater.

* Vapor pressure for HFC-23 and HFC-125.

For SI Units: 1 I/t = 6.018 kg"m‘; I psig = 6895 Pa, 1°F = (F5) (1°C) + 32
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2-1.4.6  Storage temperatures shall not exceed or be less
than the manufacturer’s listed limits. External heating or
cooling shall be used to keep the temperature of the stor-
age container within desired ranges.

2-2 Distribution.
2-2.1* Piping.

2-2.1.1*  Piping shall be of noncombustible material hav-
ing physical and chemical characteristics such that its integ-
rity under stress can be predicted with reliability. Special
corrosion-resistant materials or coatings shall be required
in severely corrosive atmospheres. The thickness of the
piping wall shall be calculated in accordance with ANSI
B31.1, Power Piping Code. The internal pressure used for
this calculation shall be the maximum pressure in the con-
tainer at a maximum storage temperature of not less than
130°F (55°C) (use manufacturer’s maximum allowable fll
density), but in no case shall the value used for the pres-
sure be less than the following:

(@) For clean agents specified in Table 2-1.4.1 having a
charging pressure up to and including 360 psig at 70°F
(21°C), use an internal pressure of 620 psig (130°F) (55°C).

(b) For HFC-23, use an internal pressure of 2,250 psig
(130°F) (55°C).

Exception:  Steel piping used in HFC-23 systems shall meet the
following requirements:

Pipe Yy in. through ¥y in. NPS shall be « minimum of Sched-
ule 40.

Pipe 1 in. through 4 in. NPS shall be a nunimum of Schedule &0

Black or galvanized steel pipe shall be either ASTM A-106 Seam-
less, Grade A, B, or C; or ASTM A-53 Seamless or Electric Welded,
Grade A or B.

ASTM A-120 and ASTM A-53 Class F Furnace Welded Pipe
shall not be used.

{¢) For 1G-541 normally charged to 2,175 psig at 70°F
(21°C), use an internal pressure of 2,575 psig (130°F)
(55°C) for piping upstream of the pressure reducer; and
use an internal pressure of 1,000 psig (130°F) (55°C) for
piping downstream of the pressure reducer. The pressure
reducing device shall be readily identifiable.

(d) If higher storage temperatures are approved for a
given system, the internal pressure shall be adjusted to the
maximum internal pressure at maximum temperature. In
performing this calculation, all joint factors and threading,
grooving, or welding allowances shall be taken into account.

2-2.1.2  Cast-iron pipe, steel pipe conforming to ASTM
A120, or nonmetallic pipe shall not be used.

2-2.1.3 Stenciled pipe identification shall not be painted
over, concealed, or removed prior to approval by the
authority having jurisdiction.

2-2.1.4 Where used. flexible piping, tubing, or hoses
(including connections) shall be of approved materials and
pressure ratings.

2-2.1.5 Each pipe section shall be cleaned internally after
preparation and before assembly by means of swabbing,
utilizing a suitable nonflammable cleaner. The piping net-
work shall be free of particulate matter and oil residue
before installation of nozzles or discharge devices.
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2-2.1.6 In scctions where valve arrangement introduces
sections of closed piping, such sections shall be equipped
with pressure relief devices or the valves shall be designed
to prevent entrapment ol liquid. In svstems using
pressure-operated container valves, means shall be pro-
vided to vent any container leakage that could build up
pressure in the pilot system and cause unwanted opening
of the container valve. The means of pressure venting shall
he arranged so as not to prevent reliable operation of the
container valve.

2-2.1.7 All pressure relief devices shall be designed and
located so that the discharge trom the device will not injure
personnel or pose a hazard.

2-2.2 Pipe Joints. Pipe joints other than threaded,
welded, brazed, flared, compression, or flanged type shall
he listed or approved.

2-2.3 Fittings.

2-2.3.1* Fittings shall have a minimum rated working
pressure equal to or greater than the maximum pressure
in the container at 130°F (54°C) when filled to the maxi-
mum allowable fill density for the clean agent being used,
or as otherwise listed or approved. For svstems that
employ the use of a pressure reducing device in the distri-
bution piping, the fittings downstream of the device shall
have a minimum rated working pressure equal to or
greater than the maximum anticipated pressure in the
downstream piping.

2-2.3.2 Cast-iron fittings shall not be used. Class 150 Ib
fittings shall not be used unless it can be demonstrated that
they comply with the appropriate ANSI stress calculations.

2-2.3.3 All threads used in joints and fittings shall conform
to ANSI B1.20.1. Joint compound, tape, or thread lubricant
shall be applied only to the male threads of the joint.

2-2.3.4 Welding and brazing alloys shall have a melting
point above 1000°F (538°C).

2-2.3.5 Welding shall be performed in accordance with
Section IX. "Qualification Standard for Welding and Braz-
g Procedures. Welders, Brazers and Welding and Bra-
g Operators,” of the ASME Boider and Pressure Vessel Code.
2-2.3.6 Where copper, stainless steel, or other suitable
tubing is jointed with compression-type fittings, the manu-
facturer’s pressure temperature ratings of the fitting shall
not be exceeded.

2-2.4 Valves.

2-2.4.1 All valves shall be listed or approved for the
intended use.

2-2.4.2* All gaskets, o-rings, sealants, and other valve
components shall be constructed of materials that are com-
patible with the clean agent. Valves shall be protected
against mechanical, chemical, or other damage.

2-2.4.3 Special corrosion-resistant materials or coatings
shall be used in severely corrosive atmospheres.

2-2.5 Discharge Nozzles.

2-2.5.1 Discharge nozzles shall be listed for the intended
use including the flow characteristics and area of coverage.
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Discharge orifices, and discharge orifice plates and inserts,
shall be of a material that is corrosion resistant to the agent
used and the atmosphere in the intended application.
2-2.5.2  Special corrosion-resistant materials or coatings
shall be required in severely corrosive atmospheres.

2-2.5.3 Discharge nozzles shall be permanently marked

to identify the manufacturer as well as the tvpe and size of

the orifice.

2-2.5.4 Where clogging by external foreign materials is
likely, discharge nozzles shall be provided with frangible
discs, blowoff caps, or other suitable devices. These devices
shall provide an unobstructed opening upon system oper-
ation and shall be located so they will not injure personnel.

2-3 Detection, Actuation, and Control Systems.
2-3.1 General.

2-3.1.1 Detection, actuation, alarm, and control systems
shall be installed. tested, and maintained in accordance
with appropriate NFPA protective signaling systems stan-
dards (see NFPA 70, National Electrical Code. and NFPA 72,
Natwnal Fire Alarm Code. In Canada refer to CAN/ULC §52+4-
M&6, Standard for the Installation of Fire Alarm Systems, and
CAN/ULC §529-M87, Smoke Detectors for Fire Alarm Systems).

2-3.1.2
be used.

Automatic detection and automatic actuation shall

Exception:  Manual-only actuation shall he permitted if accept-
able to the authority having jurisdiction.

2-3.2 Automatic Detection.

2-3.2.1* Automatic detection shall be by any listed
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.

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

2.3.2.2 Adequate and rehiable primary and 24-hour min-
imum standby sources of encrgy shall be used to provide
for operation ‘of the detection, signaling, control, and actu-
ation requirements of the system.

2-3.2.3 When a new clean agent system is being installed
in a space that has an existing detection system, an analvsis
shall be made of the detection devices to assure that the
detection system is in good operating condition and will
respond promptly to a fire situation. This shall be done to
assist in limiting the decomposition products from a sup-
pression event.

2-3.3 Operating Devices.

2-3.3.1 Operating devices shall include agent releasing
devices or valves, discharge controls, and shutdown equip-
ment necessary for successful performance of the system.

2-3.3.2 Operation shall be by listed mechanical, electrical,

or pneumatic means. An adequate and reliable source of

energy shall be used.

2-3.3.3 All devices shall be designed for the service they
will encounter and shall not readilv be rendered inopera-
tive or susceptible to accidental operation. Devices nor-
mally shall be deslgncd to function properly from -20°F to
130°F (-29°C o 54°C) or marked to indicate temperature
limitations.

2-3.3.4  All devices shall be located. installed, or suitably
protected so that they are not subject to mechanical, chem-
ical, or other damage that would render them inoperative.

2-3.3.5 A means of manual releasc of the system shall be
provided. This shall be accomplished by a mechanical man-
ual release, or by an electrical manual release when the
control equipment monitors the battery voltage level of the
standby battery supply and will provide a low battery sig-
nal. The release shall cause simultaneous operation of
automatically operated valves controlling agent release and
distribution.

2-3.3.6 The normal manual control(s) for actuation shall
be located for easy accessibility at all times, including at the
time of a fire. The manual control(s) shall be of distinct
appearance and clearly recognizable for the purpose
intended. Operation of any control shall cause the com-
plete system to operate in its normal fashion.

2-3.3.7 Manual controls shall not require a pull of more
than 40 Ib (178 N) nor a movement of more than 14 in.
(356 mm) to secure operation. At least one manual control
for activation shall be located not more than 4 ft (1.2 m)
above the floor.

2-3.3.8 Where gas pressure from the system or pilot con-
tainers is used as a means for releasing the remaining con-
tainers, the supply and discharge rate shall be designed for
releasing all of the remaining containers.

2-3.3.9 All devices for shutting down supplementary
equipment shall be considered integral parts of the system
and shall function with the system operation.

2-3.3.10  All manual operating devices shall be identified
as to the hazard they protect.

2-3.4 Control Equipment.

2-3.4.1 Electric Control Equipment. The control equip-
ment shall supervise the actuating devices and associated
wiring and, as required. cause actuation. The control
equipment shall be specifically histed for the number and
type of actuating devices utilized, and their compatibility
shall have been listed.

2-3.4.2 Pneumatic Control Equipment. Where pneu-
matic control equipment is used, the lines shall be pro-
tected against crimping and mechanical damage. Where
installations could be exposed to conditions that could lead
to loss of integrity of the pneumatic lines, special precau-
tions shall be taken to ensure that no loss of integrity will
occur. The control equipment shall be spectfically listed for
the number and type of actuating devices utilized, and
their compatibility shall have been listed.

2-3.5 Operating Alarms and Indicators.

2.3.5.1 Alarms or indicators or both shall be used to indi-
cate the operation of the system. hazards to personnel, or
failure of anv supervised device. The type (audible, visual,
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or olfactory), number, and location of the devices shall be
such that their purpose is satisfactorily accomplished. The
extent and type of alarms or indicator equipment or both
shall be approved.

2-3.5.2  Audible and visual pre-discharge alarms shall be
provided within the protected area to give positive warning
of impending discharge. The operation of the warning
devices shall be continued after agent discharge until posi-
tive action has been taken to acknowledge the alarm and
proceed with appropriate action.

2-3.5.3*% Abort switches generally are not recommended.
However, where provided, the abort switches shall be located
within the protected area and shall be located near the means
of egress for the area. An abort switch shall not be operated
unless the cause for the condition 1s known and corrective
action can be taken. The abort switch shall be of a type that
requires constant manual pressure to cause abort. The abort
switch shall not be of a type that would allow the system to be
left in an aborted mode without someone present. In all cases
the normal and manual emergency control shall override the
abort function. Operation of the abort function shall result in
both audible and distinct visual indication of system impair-
ment. The abort switch shall be clearly recognizable for the
purpose intended.

2-3.5.4 Alarms indicating failure of supervised devices or
equipment shall give prompt and positive indication of any
failure and shall be distinctive from alarms indicating oper-
ation or hazardous conditions.

2-3.5.5 Warning and instruction signs at entrances to and
inside protected areas shall be provided.

2-3.5.6 Time Delays.

2-3.5.6.1 For applications where a discharge delay does
not significantly increase the threat to lite or property,
clean agent extinguishing systems shall incorporate a pre-
discharge alarm with a time delay sufficient to allow per-
sonnel evacuation prior to discharge.

2-3.5.6.2 Time delays shall be used only for personnel
evacuation or to prepare the hazard area for discharge.

2-3.5.6.3 Time delays shall not be used as a means of

confirming operation of a detection device before auto-
matic actuation occurs.

2-3.6* Unwanted System Operation. Care shall be taken
to thoroughly evaluate and correct any factors that may
result in unwanted discharges.

Chapter 3 System Design

3-1 Specifications, Plans, and Approvals.

3-1.1 Specifications. Specifications for clean agent fire
extinguishing systems shall be prepared under the super-
vision of a person fully experienced and qualified in the
design of clean agent extinguishing systems and with the
advice of the authority having jurisdiction. The specifica-
tions shall include all pertinent items necessary for the
proper design of the system such as the designation of the
authority having jurisdiction, variances from the standard
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to be permitted by the authority having jurisdiction, design
criteria, system sequence of operations, the type and extent
of the approval testing to be performed after installation of
the system, and owner training requirements.

3-1.2 Working Plans.

3-1.2.1 Working plans and calculations shall be submitted
for approval to the authority having jurisdiction before
installation or remodeling begins. These documents shall
be prepared only by persons fully experienced and quali-
fied in the design of cean agent extinguishing systems.
Deviation from these documents shall require permission
of the authority having jurisdiction.

3-1.2.2 Working plans shall be drawn to an indicated
scale, and shall show the following items that pertain to the
design of the system:

(a) Name of owner and occupant;

(b) Location, including street address;

(¢) Point of compass and symbol legend;

(d) Location and construction of protected enclosure
walls and partitions;

(e) Location of fire walls;

(f) Enclosure cross section, full height or schematic dia-
gram, including location and construction of building
floor/ceiling assemblies above and below, raised access floor
and suspended ceiling;

(g) Type of clean agent being used;

(h) Design extinguishing or inerting concentration;

(1) Description of occupancies and hazards being pro-
tected, designating whether or not the enclosure is nor-
mally occupied;

() Description of exposures surrounding the enclosure;

(k) Description of the agent storage containers used
including internal volume, storage pressure and nominal
capacity expressed in units of agent mass, or volume at
standard conditions of temperature and pressure;

() Description of nozzle(s) used including size, orifice
port configuration, and equivalent orifice area;

(m) Description of pipe and fittings used including
material specifications, grade, and pressure rating;

(n) Description of wire or cable used including classifica-
tion, gauge (AWG), shielding, number of strands in con-
ductor, conductor material, and color coding schedule.
Segregation requirements of various system conductors
shall be clearly indicated. The required method of making
wire terminations shall be detailed;

{0) Description of the method of detector mounting;

(p) Equipment schedule or bill of materials for each
piece of equipment or device showing device name, manu-
tacturer, model or part number, quantity and description;

(@) Plan view of protected area showing enclosure parti-
tions (full and partial height); agent distribution system
including agent storage containers, piping, and nozzles;
type of pipe hangers and rigid pipe supports; detection,
alarm, and control system including all devices and sche-
matic of wiring interconnection between them; end-of-line
device locations; location of controlled devices such as
dampers and shutters: location of instructional signage;
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(r) Isometric view of agent distribution system showing
the length and diameter of each pipe segment; node refer-
ence numbers relating to the flow calculations: fittings
including reducers and strainers; orientation of tees, noz-
zles including size, orifice port configuration, flow rate,
and equivalent orifice area;

(s) Scale drawing showing the layout of the annunciator
panel graphics if required by the authority having jurisdiction;

(t) Details of each unique rigid pipe support configura-
tion showing method of securement to the pipe and to the
building structure;

(u) Details of the method of container securement show-
ing method of securement to the container and to the
building structure;

(v) Complete step-by-step description of the system
sequence of operations including functioning of abort and
maintenance switches, delay timers, and emergency power
shutdown;

(w) Point-to-point wiring schematic diagrams showing
all circuit connections to the system control panel and
graphic annuncator panel;

(x) Point-to-point wiring schematic diagrams showing
all circuit connections to external or add-on relays;

(y) Complete calculations to determine enclosure vol-
ume, quantity of clean agent, and size of backup batteries.
Method used to determine number and location of audible
and visual indicating devices, and number and location of
detectors; and

(z) Details of any special features.

3-1.2.3 The detail on the system shall include information
and calculations on the amount of agent; 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. Pipe size reduction 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 electrical circuitry, if used. Apparatus and devices
used shall be identified. Any special features shall be ade-
quately explained.

Exception:  Pre-engineered systems do not require specifying
internal volume of the container, nozzle flow rates, equivalent
lengths of pipe and fitting and hose, or flow calculations, when
used within its listed limitations. The information required by the
listed system design manual, however, shall be made available to
the authority having jurisdiction for verification that the system is
within its listed limitations.

3-1.2.4 An as-built instruction and maintenance manual
that includes a full sequence of operations and a full set of
drawings and calculations shall be maintained on site.

3.1.2.5 Flow Calculations.

3-1.2.,5.1 Flow calculations along with the working plans
shall be submitted to the authority having jurisdiction for
approval. The version of the flow calculation program shall
be identified on the computer calculation printout.

3-1.2.5.2 Where field conditions necessitate any material
change from approved plans, the change shall be submit-
ted for approval.

3-1.2.5.3 When such material changes from approved plans
are made, corrected “as installed” plans shall be provided.

3-1.3 Approval of Plans.

3-1.3.1 Plans and calculations shall be approved prior to
installation.

3-1.3.2 Where ficld conditions necessitate any significant
change from approved plans, the change shall be approved
prior to implementation.

3-1.3.3 When such significant changes from approved
plans are made, the working plans shall be updated to
accurately represent the system as installed.

3-2 System Flow Calculations.

3-2.1* System flow calculations shall be performed using
a calculation method listed or approved by the authority
having jurisdiction for the agent. The system design shall
be within the manufacturer’s listed limitations.

Exception:  Pre-engineered systems do not require a flow calcula-
tion where used within their listed limitations.

3-2.2 Valves and fittings shall be rated for equivalent
length in terms of pipe or tubing sizes with which they will
be used. The equivalent length of the container valves shall
be listed and shall include siphon tube, valve, discharge
head, and flexible connector.

3-2.3 The piping lengths, nozzle, and fitting orientation
shall be in accordance with the manufacturer’s listed limi-
tations to ensure proper system performance.

3-2.4 1If the final installation varies from the prepared
drawings and calculations, new drawings and calculations
representing the “as built” installation shall be prepared.

3-3 Enclosure.

3-3.1 In the design of total flooding systems, the charac-
teristics of the enclosure shall be considered as part of Sec-
tion 3-3.

3-3.2 The area of unclosable openings shall be kept to a
minimum. The authority having jurisdiction may require
pressurization/depressurization or other tests to assure
proper performance as defined by this standard.

3-3.3 To prevent loss of agent through openings to adja-
cent hazards or work areas, openings shall be permanently
sealed or equipped with automatic closures. Where reason-
able confinement of agent is not practicable, protection
shall be extended to include the adjacent connected haz-
ards or work areas.

3-3.4* Forced-air ventilating systems shall be shut down or
closed automatically where their continued operation would
adversely affect the performance of the fire extinguishment
agent system or result in propagation of the fire. Completely
self-contained recirculating ventilation systems are not
required to shut down. The volume of the system and associ-
ated ductwork shall be considered as part of the total hazard
volume when determining agent quantities.
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Exception:  Ventilation systems necessary to ensure safety are not
required to be shut down upon svstem activation. An extended
agent discharge shall be provided to maintain the design concen-
tration for the required duration of protection.

3-4 Design Concentration Requirements.

3-4.1 For combinations of fuels, the flame extinguish-
ment or inerting value for the fuel requiring the greatest
concentration shall be used unless tests are made on the
actual mixture.

3-4.2 For a particular fuel, either flame extinguishment
or inerting concentrations shall be used.

3-4.2.1* Inerting.

3-4.2.1.1 The inerting concentrations shall be used where
conditions for subsequent reflash or explosion could exist.
These conditions are when both:

(a) The quantity of fuel permitted in the enclosure is
sufficient to develop a concentration equal to or greater
than one-half of the lower flammable limit throughout the
enclosure; and

(b) The volatility of the fuel before the fire is sufhcient to
reach the lower flammable limit in air (maximum ambient
temperature or fuel temperature exceeds the close 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 may be danger-
ous to extinguish a burning gas jet. As a first measure, the
gas supply should be shut off.

3-4.2.1.2 The minimum design concentrations used to
inert atmospheres involving flammable liquids and gases
shall be determined by test plus a 10 percent safety factor.

3-4.2.2*% Flame Extinguishment.

3-4.2.2.1 The minimum design concentration for Class B
flammable liquids shall be a demonstrated extinguishing con-
centration plus a 20 percent safety factor. Extinguishing con-

centration shall be demonstrated by the cup burner test. If

reliable clean agent cup burner test data is not obtainable, the
extinguishing concentration shall be determined by full-scale
testing performed by the listing organization as part of a com-
plete listing investigation. As a minimum, the testing shall
conform to UL 1058, Standard for Safety Halogenated Agent
Extinguishing Svstem Units, or equivalent.

3-4.2.2.2 The extinguishing concentration for Class A fires
shall be determined by test as part of a listing program.

3-4.2.2.3* The minimum design concentration for Class
A fires shall be the extinguishing concentration plus a 20
percent safety factor.

3-5 Total Flooding Quantity.

3-5.1* The amount of halocarbon clean agent required to
achieve the design concentration shall be calculated from
the following formula:

W = V/S [C/(100-C)] (N
S =kl + k2 (T) (2)
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Where:

W = weight of clean agent.
T = minimum anticipated temperature of the pro-
tected volume.

k1 and k2 = constants specific to the clean agent being
used. See Table 3-5.1 for values of k1 and k2.

= clean agent design concentration, % by volume.

V = net volume of hazard, cu ft (m* (enclosed volume

minus fixed structures impervious to clean agent).

k1 + k2 (T) is a linear equation determined by least

squares curve fit techniques from data supplied by the

clean agent manufacturers. The zero intercept is kil

and the slope is k2.

)
|

2]
Il

NOTE: This calculation includes an allowance for the nor-
mal leakage from a “tight” enclosure due to agent expansion.

Table 3-5.1(a) Specific Volume Constants

k1l and k2
°F °C
Agents k1 k2 k1 k2
FC-3-1-10 1.409 0.0031 00.0941 0.0003
HBFC-22B1 2.484 0.0058 0.1668 0.0007
HCFC Blend A 3.612 0.0079 0.2413 0.00088
HCFC-124 2.352 0.0057 0.1578 0.0006
HFC-125 2,724 0.0063 0.1701 0.0007
HFC-227ea 1.885 0.0046 0.1269 0.0005
HFC-23 4.731 0.0107 0.2954 0.0012
1G-541 9.7261 0.0211 0.649 0.00237

3-5.2* The amount of inert gas clean agent required to
achieve the design concentration shall be calculated from
the following formula:

100

00-C

X = 2.303 V/S s

Where:

S = kl + k2 (’[)

X = volume of inert gas added per volume of space.

T = minimum anticipated temperature in the protected
volume.

k, and ko = constants specific to the inert gas being
used. See Table 3-5.1(a) for values of k; and k..

C = inert gas concentration, % by volume.

V = net volume of hazard, cu ft (m*) (enclosed volume
minus fixed structures impervious to clean agent).

S = k; + ky (T) is a linear equation determined by least

squares curve fit techniques from data supplied by
the inert gas agent manufacturers. The zero inter-
cept is k; and the slope is k.
V, = Specific volume at 70°F (ft*/lb) = 11.2093 ft'/Ib.
NOTE: This calculation includes an allowance tor the nor-
mal leakage from a “tight” enclosure due to agent expansion.

3-5.3 In addition to the concentration requirements,
additional quantities of agent are required to compensate
for any special conditions that would affect the extinguish-
ing efhiciency.
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2001-13

Table 3-5.1(b) FC-3-1-10 Total Flooding Quantity [1]

FC-3-1-10
Temp. Specific Vapor
-t- Volume FC-3-1-10 Weight Requirements of Hazard Volume W/V (lb/cu ft) [2]
CF) S-
(cu ft/lb) Design Concentration (% by Volume) [5]
{31 (4]
4 5 6 7 8 9 10 11 12
-70 1.1920 0.0350 0.0-442 0.0535 0.0631 0.0730 0.0830 0.0932 0.1037 0.1144
- 60 1.2230 0.0341 0.0430 0.0522 0.0615 0.0711 0.0809 0.0909 0.1011 0.1115
—50 1.2540 0.0332 0.0420 0.0509 0.0600 0.0693 0.0789 (L0886 0.0986 0.1087
—10 1.2850 0.0324 0.0410 0.0497 0.0586 0.0677 0.0770 0.0865 0.0962 0.1061
-30 1.3160 0.0317 0.0400 0.0485 0.0572 0.0661 0.0752 0.0844 0.0939 0.1036
-20 1.3470 0.0309 0.0391 0.0474 0.0559 0.0646 0.0734 0.0825 0.0918 0.1012
- 10 1.3780 0.0302 0.0382 0.0463 0.0546 0.0631 0.0718 0.0806 0.0897 0.0990
0 1.4090 0.0296 0.0374 0.0453 0.0534 0.0617 0.0702 0.0789 0.0877 0.0968
10 1.4400 0.0289 0.0365 0.0443 0.0523 0.0604 0.0687 0.0772 0.0858 0.0947
20 1.4710 0.0283 0.0358 0.0434 0.0512 0.0591 0.0672 0.0755 0.0840 0.0927
30 1.5020 0.0277 0.0350 0.0425 0.0501 0.0579 0.0658 0.0740 0.0823 0.0908
40 1.5330 0.0272 0.0343 0.0416 0.0491 0.0567 0.0645 0.0725 0.0806 0.0890
50 1.5640 0.0266 0.0337 0.0408 0.0481 0.0556 0.0632 0.0710 0.0790 0.0872
60 1.5950 0.0261 0.0330 0.0400 0.0472 0.0545 0.0620 0.0697 0.0775 0.0855
70 1.6260 0.0256 0.0324 0.0393 0.0463 0.0535 0.0608 0.0683 0.0760 0.0839
80 1.6570 0.0251 0.0318 0.0385 0.0454 0.0525 0.0597 0.0671 0.0746 0.0823
90 1.6880 0.0247 0.0312 0.0378 0.0446 0.0515 0.0586 0.0658 0.0732 0.0808
100 1.7190 0.0242 0.0306 0.0371 0.0438 0.0506 0.0575 0.0646 0.0719 0.0793
110 1.7500 0.0238 0.0301 0.0365 0.0430 0.0497 0.0565 0.0635 0.0706 0.0779
120 1.7810 0.0234 0.0296 0.0358 0.0423 0.0488 0.0655 0.0624 0.0694 0.0766
130 1.8120 0.0230 0.0290 0.0352 0.0415 0.0480 0.0546 0.0613 0.0682 0.0753
140 1.8430 0.0226 0.0286 0.0346 0.0408 0.0472 0.0537 0.0603 0.0671 0.0740
150 1.8740 .0222 (0.0281 0.0341 0.0402 0.0464 0.0528 0.0593 0.0660 0.0728
160 1.9050 0.0219 0.0276 0.0335 0.0395 0.0456 0.05619 0.0583 0.0649 0.0716
170 1.9360 0.0215 0.0272 0.0330 0.0389 0.0449 0.0511 0.0574 0.0638 0.0704
180 1.9670 0.0212 0.0268 0.0325 0.0383 0.0442 0.0503 0.0565 0.0628 0.0693
190 1.9980 0.0209 0.0263 0.0319 0.0377 0.0435 0.0495 0.0556 0.0619 0.0683
200 2.0290 0.0205 0.0259 0.0315 0.0371 0.0429 0.0487 0.0548 0.0609 0.0672

[ 1} The manufacturer’s listing shall speafy the temperature range for operation.
[2] W/V |Agent Weight Requirements (Ib/cu ft)] = Pounds of agent required per cubic foot ot protected volume to produce indicated concentration at
temperature specified.

W =

v

S

[3] t [Temperature (F)] — The design temperature in the hazard area.
[4] S [Speatfic Volume (cu fi/lb)] — Speciic volume of superheated FC-3-1-10 vapor may be approximated by the formula:

S = 1.409 + 0.00311
where t = temperature (F)
5] C {Concentration (%)] — Volumetric concentration of FC 3-1-10 in air at the temperature indicated.

C
100 — C
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2001-14 CLEAN AGENT FIRE EXTINGUISHING SYSTEMS

Table 3-5.1(c) HBFC-22B1 Total Flooding Quantity [1]

HBFC-22B1

Temp Specific Vapor

-t- Volume HBFC-22B1 Weight Requirements of Hazard Volume W/V (Ib/cu ft) [2]

F -S-

® (cu ft/lb) Design Concentration (% by volume) [5]

(31 (4]

3 4 5 6 7 8 9 10 11 12

10 2.5400 0.0122 0.0164 0.0207 0.0251 0.0296 0.0342 0.0389 0.0437 0.0487 0.0537

20) 2.5987 0.0119 0.0160 0.0203 0.0246 0.0290 0.0335 0.0381 0.0428 0.0476 0.0525

30 2.6574 0.0116 0.0157 0.0198 0.0240 0.0283 0.0327 0.0372 0.0418 0.0465 0.0513

10 2.7159 0.0114 0.0153 0.0194 0.0235 0.0277 0.0320 0.0364 0.0409 0.0455 0.0502

50 2.7747 0.0111 0.0150 0.0190 0.0230 0.0271 0.0313 0.0356 0.0400 0.0445 0.0491

60 2.8329 0.0109 0.0147 0.0186 0.0225 0.0266 0.0307 0.0349 0.0392 0.0436 0.0481

70 2.8910 0.0107 0.0144 0.0182 0.0221 0.0260 0.0301 0.0342 0.0384 0.0428 0.0472

80 2.9498 0.0105 0.0141 0.0178 0.0216 0.0255 0.0295 0.0335 0.0377 0.0419 0.0462

a0 3.0075 0.0103 0.0139 0.0175 0.0212 0.0250 0.0289 0.0329 0.0369 0.0411 0.0453
100 3.0656 0.0101 0.0136 0.0172 0.0208 0.0246 0.0284 0.0323 0.0362 0.0403 0.0445
110 3.1230 0.0099 0.0133 0.0169 0.0204 0.0241 0.0278 0.0317 0.0356 0.0396 0.0437
120 3.1817 0.0097 0.0131 0.0165 0.0201 0.0237 0.0273 0.0311 0.0349 0.0388 0.0429
130 3.2394 0.0095 0.0129 0.0162 0.0197 0.0232 0.0268 0.0305 0.0343 0.0382 0.0421
140 3.2971 0.0094 0.0126 0.0160 0.0194 0.0228 0.0264 0.0300 0.0337 0.0375 0.0414
150 3.3546 0.0092 0.0124 0.0157 0.0190 0.0224 0.0259 0.0295 0.0331 0.0368 0.0407
160 3.4118 0.0091 0.0122 0.0154 0.0187 0.0221 0.0255 0.0290 0.0326 0.0362 0.0400
170 3.4698 0.0089 0.0120 0.0152 0.0184 0.0217 0.0251 0.0285 0.0320 0.0356 0.0393
180 3.5261 0.0088 0.0118 0.0149 0.0181 0.0213 0.0247 0.0280 0.0315 0.0351 0.0387
190 3.5842 0.0086 0.0116 0.0147 0.0178 0.0210 0.0243 0.0276 0.0310 0.0345 0.0380
200 3.6417 0.0085 0.0114 0.0145 0.0175 0.0207 0.0239 0.0272 0.0305 0.0339 0.0374

[ 1] The manufacturer’s listing shall specity the temperature range for operation.
[2] W/V [Agent Weight Requirements (Ib/cu ft)] = Pounds of agent required per cubic foot of protected volume to produce indicated concentration at temper-
ature specified. , .
v C
S 100 - C
[3] t [Temperature (F)] — The design temperature in the hazard area.
[4] 8 [Specific Volume (cu f¢/lb)] — Specific volume of superheated HBFC-22B1 vapor may be approximated by the formula:
S = 24845 + 0.005796¢

where t = temperature (F)
[5] € [Concentration (%)) — Volumetric concentration of HBFC-22B1 i air at the temperature indicated.
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SYSTEM DESIGN

2001-15

Table 3-5.1(d)

HCFC Blend A Total Flooding Quantity [1]

HCFC Blend A

Temp Specific Vapor
-t- Volume HCFC Blend A Weight Requirements of Hazard Volume W/V (Ib/cu ft) [2]
F -S-
(cu ft/lb) Design Concentration (% by volume) [5]
(3] (4]
7% 8% 8.6% 9% 10% 11% 12% 13%
=50 3.2192 0.0234 0.027 0.0292 0.0307 0.0345 0.0384 0.0424 0.0-464
—40 3.297y 0.0228 0.0264 0.0285 0.03 0.0337 0.0375 0.0414 0.0453
- 30 3.3763 0.0223 0.0258 0.0279 0.0293 0.0329 0.0366 0.040+4 0.0-+13
-20 34549 0.0218 0.0252 0.0272 0.0286 0.0322 0.0358 0.0395 0.0433
- 10 3.5335 0.0213 0.0246 0.0266 0.028 0.0314 0.035 0.0386 0.0423
0 3.6121 0.0208 0.0241 0.026 0.0274 0.0308 0.0342 0.0378 0.0414
10 3.6906 0.0204 0.0236 0.0255 0.0268 0.0301 0.0335 0.0369 0.0405
20) 3.7692 0.02 0.0231 0.025 0.0262 0.0295 0.0328 0.0362 0.0396
30 3.8478 0.0196 0.0226 0.0245 0.0257 0.0289 0.0321 0.0354 0.0388
40 3.9264 0.0192 0.0221 0.024 0.0252 0.0283 0.0315 0.0347 0.0381
50 4.0049 0.0188 0.0217 0.0235 0.0247 0.0277 0.0309 0.034 0.0373
60 4.0835 0.0184 0.0213 0.023 0.0242 0.0272 0.0303 0.0334 0.0366
70 4.1621 0.0181 0.0209 0.0226 0.0238 0.0267 0.0297 0.0328 0.0359
30 +4.2407 0.0177 0.0205 0.0222 0.0233 0.0262 0.0291 0.0322 0.0352
90 4.3192 0.0174 0.0201 0.0218 0.0229 0.0257 0.0286 0.0316 0.0346
100 4.3978 0.0171 0.0198 0.0214 0.0225 0.0253 0.0281 0.031 0.034
110 44764 0.0168 0.0194 0.021 0.0221 0.0248 0.0276 0.0305 0.0334
120 4.555 0.0164 0.0191 0.0207 0.0217 0.0244 0.0271 0.0299 0.032%
130 1.6336 0.0162 0.0188 0.0203 0.0213 0.024 0.0267 0.0294 0.0329
140 +.7121 0.016 0.0185 0.02 0.021 0.0236 0.0262 0.0289 0.0317
150 $.7907 0.0157 0.0182 0.0196 0.0206 0.0232 0.0258 0.0285 0.0312
160 4.8693 0.0155 0.01749 0.0193 0.0203 0.0228 (L0254 0.028 0.0307
170 4.9479 0.0152 0.0176 0.019 0.02 0.0225 0.025 0.0276 0.0302
180 5.0264 0.015 0.0173 0.0187 0.0197 0.0221 0.0246 0.0271 0.0297
160 5.105 0.0147 0.017 0.0184 0.0194 0.0218 0.0242 0.0267 (.0293
200 5.1836 0.0145 0.0168 0.0182 0.0191 0.0214 0.02338 0.0263 0.0288

[1] The manufacturer's lisung shall speaty the temperature range for operation.

[2] WiV [Agent Weight Requirements (Ibjcu ft)] = Pounds of agent requued per cubic toot of protected volume to produce indicated concentration at temper-
ature specitied.

131 t [Temperature (F)] — The design temperature m the hazard area.

[4] S [Speahic Volume (cu fulb)] — Spedtfic volume of superheated HCFC Blend A vapor may be approximated by the formula:

S = 3612 + 0.007%
where t = temperature (F)

C

100 - C

[5]) C{Concentratton (%)} — Volumetric concentration of HCFC Blend A in air at the temperature indicated
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CLEAN AGENT FIRF EXTINGUISHING SYSTEMS

Table 3-5.1(e)

HCFC-124 Total Flooding Quantity [1]

HCFC-124
Temp Specific Vapor
-t Volume HCFC-124 Weight Requirements of Hazard Volume W/V (Ib/cu ft) [2]
F -S-
® (cu ft/lb) Design Concentration (% by volume) [5]
13] (4]
5 6 7 8 9 10 11 12
- 70 1.954 0.0269 0.0326 0.0385 0.0445 0.0506 0.0569 0.0632 0.0698
- 60 2,011 0.0262 0.0317 0.0374 0.0432 0.0492 0.0552 0.0614 0.0678
- ho 2,068 0.0254 0.0309 0.0364 0.0420 0.0478 0.0637 0.0598 0.0659
~40 2.125 0.0248 0.0300 0.0354 0.0409 0.0564 0.0523 0.0582 0.0642
-30 2,181 0.0241 0.0293 0.0345 0.0409 0.0465 0.0523 0.0582 0.0642
—20 2.238 0.0235 0.0285 0.0336 0.0388 0.0442 0.0496 (1.05562 0.0609
- 10 2.295 0.0229 0.0278 0.032%8 0.0379 0.0431 0.0484 0.0538 0.05494
0 2.352 0.0224 0.0271 0.0320 0.0370 0.0420 0.0472 0.0525 0.0580
10 2.409 0.0218 0.0265 0.0312 0.0361 0.0410 0.0461 0.0513 0.0566
20 2.466 0.0213 0.0259 0.0305H (L0353 0.0401 0.0450 0.0501 0.0553
30 2.522 0.0209 0.0253 0.0298 0.0345 0.0392 0.0440 0.0490 0.0041
10 2.579 0.020-4 0.0247 0.0292 0.0337 00383 0.0431 ().lH79 0.0529
50 2.636 0.0200 0.0242 0.0285 0.0330 0.0375 0.0421 0.0469 0.0517
60 2.693 0.0195 0.0237 0.0279 0.0323 0.0367 0.0412 0.0459 (.0506
70 2.750 0.0191 0.0232 0.0274 0.0316 0.0360 0.0404 0.0449 0.0496
30 2.807 0.0187 0.0227 0.0268 0.0310 0.0352 0.0396 0.0440 0.0486
90 2.863 0.0184 0.0223 0.0263 0.0304 0.0345 0.0388 0.0432 0.0476
100 2.920 0.0180 0.0218 0.0258 (.0298 0.0339 0.0380 0.0423 0.0467
110 2.977 0.0177 0.0214 0.0253 0.0292 0.0332 0.0373 0.0415 0.045H8
120 3.034 0.0173 0.0210 0.0248 0.0287 0.0326 0.0366 0.0407 0.0-149
130 3.091 0.0170 0.0206 0.0243 0.0281 0.0320 0.0359 0.0400 0.0441]
140 3147 0.0167 0.0203 0.0239 0.0276 0.0314 0.0353 0.0393 0.0433
150 3.204 0.0164 0.0199 0.0235H 0.0271 0.0309 0.0347 0.0386 0.0-426
160 3.261 0.0161 0.0196 0.0231 0.0267 0.0303 0.03-41 0.0379 0.0418
170 3.318 0.0159 0.0192 0.0227 0.0262 0.0298 0.0335 (.0372 0.0411
130 3.375 0.0156 0.0189 0.0223 0.0258 0.0293 0.0329 0.0366 0.0404
190 3432 0.0153 0.0186 0.0219 0.0253 0.0288 0.0324 0.0360 0.0397
200 3488 0.0151 0.0183 0.0216 0.0249 0.0283 0.0318 0.0354 0.0391

[1] The manufacturer’s listing shall specify the temperature range lor operation.

[2] W'V JAgent Weight Requirements (Ibicu 0] = Pounds of agent required per cubic foot of protected volume to produce indicated concentration at temper-

ature spedified.

v
S

[3] t [Temperature (F)] — The design temperature in the hazavd area
[4] S [Spedific Volume (cu ftilb)] — Specific volume of superheated HCFC-124 sapor may be approximated by the formula.

S = 2452 + 0.0057t
whete t = temperatute (F)

C

100 — C

5] C [Concentranion ()| — Volumetric concentration of HCFC-124 in air at the temperature mdicated.
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SYSTEM DESIGN
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Table 3-5.1(f) HFC-125 Total Flooding Quantity [1]

HFC-125
Temp. Specific Vapor
-t- Volume HFC-125 Weight Reqirements of Hazard Volume W/V (lb/cu ft) [2]
(F) S-
(cu ft/lb) Design Concentration (% by Volume) [5]
(31 (4]
7 8 9 10 11 12 13 14 15 16
=70 2.2830 0.0330 0.0381 0.0433 0.0487 0.0541 0.0597 0.0655 0.0713 0.0773 0.0834
-60 2.3460 0.0321 0.0371 0.0422 0.0474 0.0527 0.0581 0.0637 0.0694 0.0752 0.0812
- 50 2.4090 0.0312 0.0361 0.0411 0.0461 0.0513 0.0566 0.0620 0.0676 0.0733 0.0791
-0 24720 0.0304 0.0352 0.0400 0.0449 0.0500 0.0552 0.0604 0.0659 0.0714 0.0771
- 30 2.5350 0.0297 0.0343 0.0390 0.0438 0.0488 0.0538 0.0589 0.0642 0.0696 0.0751
-20 2.5980 0.0290 0.0335 0.0381 (0.0428 0.0476 0.0525 0.0575 0.0627 0.0679 0.0733
-10 2.6610 0.0283 0.0327 0.0372 0.0418 0.0464 0.0512 0.0562 0.0612 0.0663 0.0716
0 2.7240 0.0276 0.0319 0.0363 0.0408 0.0454 0.0501 0.0549 0.0598 0.0648 (L0694
10 27870 0.0270 0.0312 0.0355 0.0399 0.0443 0.0489 0.0536 0.0548 0.0633 0.0683
20 2.8500 0.0264 0.0305 0.0347 0.0390 0.0434 0.0478 0.0524 0.0571 0.0619 0.0668
30 2.9130 0.0258 0.0299 0.0340 0.0381 0.0424 0.0468 0.0513 0.0559 L0606 0.0654
40 2.9760 0.0253 0.0292 0.0332 0.0373 0.0415 0.0458 0.0502 0.0547 0.0593 0.0640
50 3.0390 0.0248 0.0286 0.0325 0.0366 0.0407 0.0449 0.0492 0.05636 (LO5BR1 0.0627
60 3.1020 0.0243 0.0280 0.0319 0.0358 0.0398 0.0440 0.0482 0.0525 0.0569 0.0614
70 3.1650 0.0238 0.0275 0.0312 0.0351 0.0391 0.0431 0.0472 0.0514 0.0558 (L0602
80 3.2280 0.0233 (.0269 0.0306 0.0344 0.0383 0.0422 0.0463 0.0504 0.0547 (1L.O590
90 3.2910 0.0229 0.0264 0.0301 0.0338 0.0376 0.0414 0.0454 0.0495 0.0536 0.0579
100 3.3540 0.0224 0.0259 0.0295 0.0331 0.0369 0.0407 0.0-446 0.0485 0.0526 0.0568
110 34170 0.0220 0.0254 0.0289 0.0325 0.0362 0.0399 0.0437 0.0476 0.0516 0.0557
120 3.4800 0.0216 0.0250 0.0284 0.0319 0.0355 0.0392 0.0429 0.0468 0.0507 0.0547
130 3.5430 0.0212 0.0245 0.0279 0.0314 0.0349 0.0385 0.0422 0.0459 0.0498 0.0538
140 3.6060 0.0209 0.0241 0.0274 0.0308 (.0343 0.0378 0.0414 0.0451 0.0489 0.0528
150 3.6690 0.0205 0.0237 0.0270 0.0303 0.0337 (.0372 0.0407 0.0444 0.0481 0.0519
160 3.7320 0.0202 0.0233 0.0265 (.0298 0.0331 0.0365 0.0100 0.0436 0.0473 0.0510
170 3.7950 0.0198 0.0229 0.0261 0.0293 0.0326 0.0359 0.0394 0.0429 0.0465 0.0502
180 3.8580 0.0195 0.0225 0.0256 0.0288 0.0320 0.0353 0.0387 0.0422 0.0457 0.0494
190 3.9210 0.0192 0.0222 0.0252 0.0283 0.0315 0.0348 0.0381 0.0415 0.0450 0.0486
200 3.0840 0.0189 0.0218 0.0248 0.0279 0.0310 0.0342 0.0375 0.0409 0.0443 0.0478

[1] The manufacturer’s listing shall specify the temperatne range tor operation.
[2] W/V [Agent Weight Requirements (thicu f)] = Pounds of agent required per cubic toot of protected volume to produce indicated concentiation at temper-
ature specibied.

W

v
S

[3] t [Temperatme ()] — The design temperature in the hazard area.

4] S [Specific Volume (cu fIhn] — Spedific volume of superheated HFC-125 vapor may be approximated by the formula:

S = 2.724 + (0LO0B3L

where t = temperature (F)
[5] C [Concentration (F0)] — Volumetric concentiation of HFC-125 i air at the temperature indicated.

C

106 — C
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2001-18 CLEAN AGENT FIRE EXTINGUISHING SYSTEMS

Table 3-5.1(g) HFC-227ea Total Flooding Quantity [1]

HFC-227ea

Temp Specific Vapor )

-t- Volume HFC-227ea Weight Requirements of Hazard Volume W/V (lb/cu ft) [2]

F -S-

® (cu ft/lb) Design Concentration (% by volume) [5]

13] (4]

6 7 8 9 10 11 12 13 14 15

10 1.9264 0.0331 0.0391 0.04561 0.0513 0.057 0.0642 0.0708 0.0776 0.0845 0.0916

20 1.9736 0.0323 0.0381 0.0441 0.0501 0.0563 0.0626 0.0691 0.0757 0.0825 0.0804

30 2.0210 0.0316 0.0372 0.0430 0.0489 0.0550 0.0612 0.0675 0.0739 (.0805 0.0873

40 2.0678 0.0309 0.0364 0.0421 0.0478 0.0537 0.0598 0.0659 0.0723 0.0787 0.0853

50 2.1146 0.0302 0.0356 0.0411 0.0468 0.0525 0.0584 0.0645 0.0707 0.0770 0.0835

60 2.1612 (1.0295 0.0348 0.0402 0.0458 0.0514 0.0572 0.0631 0.0691 0.0753 0.0817

70 2.2075 0.0289 0.0341 0.0394 0.0448 0.0503 0.0560 0.0618 0.0677 0.0737 0.0799

80 2.2538 0.0283 0.0334 0.0386 0.0439 0.0493 0.0548 0.0605 0.0663 0.0722 0.0783

90 2.2994 0.0278 0.0327 0.0378 0.0430 0.0-483 0.0538 0.0593 0.0650 0.0708 0.0767
100 2.3452 0.0272 0.0321 0.0371 0.0422 0.0474 0.0627 0.0581 0.0637 0.0694 0.0752
110 2.3912 0.0267 0.0315 0.0364 0.0414 0.0465 0.0517 0.0570 0.0625 0.0681 0.0738
120 2.4366 0.0262 0.0309 0.0357 0.0406 0.0456 0.0607 0.0560 0.0613 0.0668 0.0724
130 2.4820 0.0257 0.0303 0.0350 0.0398 0.0448 0.0498 0.0549 0.0602 0.0656 0.0711
140 2.5272 0.0253 0.0298 0.0344 0.0391 (.0440 (.0489 0.0540 0.0591 0.06-44 0.0698
150 2.5727 0.0248 0.0293 0.0338 0.0384 0.0432 0.0480 0.0530 0.0581 0.0633 0.0686
160 2.6171 0.02:44 0.0288 0.0332 (.0378 0.0425 0.0472 0.0521 0.0571 0.0622 0.0674
170 2.6624 0.0240 0.0283 0.0327 0.0371 0.0417 0.0464 0.0512 0.0561 0.0611 0.0663
180 2.7071 0.0236 0.0278 0.0321 0.0365 0.0410 0.0457 (1.0504 0.0552 0.0601 0.0652
190 2.7518 0.0232 0.0274 0.0316 0.0359 0.0404 0.0449 0.0496 0.0543 0.0592 0.0641
200 2.7954 0.0228 0.0269 0.0311 0.0354 0.0397 0.0442 0.0488 0.0535 0.0582 0.0631

[1] The manufacturer’s listing shall specity the temperature range for operation.
[2] W/V [Agent Weight Requirements (Ib/cu )] = Pounds of agent required per cubic foot of protected volume to produce indicated concentration at temper-
ature specitied. v I8
W= — _—
S 1o - ¢
[3] t [Temperature (F)] — The design temperature in the hazard area.
[4] S [Speditic Volume (cu tt/lb)] — Specific volume of superheated HFC-227¢a vapor may be approximated by the tormula:
S = LEAS + 0.00457-H
wheret = temperature (F)
[5] C [Concentration (%)] — Volumetric concentration of HFC-227ea in air at the temperature indicated.
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Table 3-5.1¢(h)

HFC-23 Total Flooding Quantity [1]

HFC-23
Temp Specific Vapor
-t- Volume HFC-23 Weight Requirements of Hazard Volume W/V (lb/cu ft) [2]
CF) s-
(cu ft/lb) Design Concentration (% by Volume) [5]
[3] [4]
10 12 14 15 16 17 18 20 22 24
—70 3.0664 0.0280 0.03-44 0.0110 0.0445 0.0480 0.0516 .0533 0.0630 0.0711 0.0796
- 60 40783 0.0272 0.0334 0.0399 0.0433 0.0467 (.0502 0.0538 0.0613 0.0692 0.0774
- 50 4. 1893 0.0265 0.0325 0.0389 0.0421 0.0455 0.0489 0.0524 0.0597 0.0673 0.0754
~40) 4.2997 0.0258 00317 0.0379 0.0410 0.0443 0.0476 0.0511 0.0581 0.0656 0.0734
-30 41004 0.0252 0.0309 0.0369 0.0400 0.0432 0.0465H (0.0498 0.0567 0.06-40 0.0716
—20 45187 0.0246 0.0302 0.0360 0.0391 0.0422 0.0453 0.0486 0.0553 0).0624 0.0699
- 10 4.6275 0.0240 (L0295 1.0352 0.0381 0.0412 0.0443 0.0474 0.0540 0.0610 0.0682
0 1.7359 0.0235 (1LO28Y L0344 0.0373 0.0402 0.0432 0.0464 0.0528 0.0596 0.0667
10 18439 0.0229 (1.0282 0.0336 0.0364 0.0393 0.0423 .0453 10516 0.0582 0.0652
20 19516 0.0224 0.0275 0.0329 0.0356 0.0385H 0.0416 0.0443 0.0505 0.0570 0.0638
30 5.0590 0.0220 0.0270 0.0322 0.0319 0.0377 0.0405H 0.0434 0.0494 (1.OLHE 0.0624
40 5.1662 0.0215 0.0264 0.0315 0.0342 0.0369 0.0396 0.0425 0.0484 0.0546 0.0611
50 52731 0.0211 01,0259 0.0309 0.0335 0.0361 0.0388 0.0416 0.0474 0.0535 0.0599
60 5.3708 0.0207 0.0253 0.0303 0.0328 0.0354 0.0381 0.0408 0.0465 0.0524 0.0587
70 51864 0.0203 0.0249 0.0297 0.0322 0.0347 0.0373 0.0400 0.0456 0.0514 0.0576
80 5.5928 0.0199 0.0244 0.0291 0.0316 0.0341 0.0367 0.0392 0.0447 0.0504 0.0565
a0 5.6991 0.0195 0.0239 0.0286 0.0310 0.0334 0.0359 0.0385 0.0439 0.0495 0.0054
100 5.80562 0.0191 0.0235 0.0280 0.0304 (1.0328 0.0353 0.0378 0.0431 0.0486 0.0544
110 59112 (.0188 0.0231 0.0275 0.0299 (L0322 0.0346 0.0371 0.0423 0.0477 0.0534
120 6.0172 L0185 0.0227 0.0271 0.0293 0.0317 0.0340 0.0365 0.0415 0.0469 0.0525
130 6.1230 0.0181 0.0223 0.0266 0.0288 0.0311 (.0335 0.0359 0.0408 0.0461 0.0516
140 6.2287 0.0178 0.0219 0.0261 0.02583 0.0306 0.0329 0.0352 0.0401 0.0453 0.0507
150 6.3344 0.0175 0.0215 0.0257 0.0279 0.0301 0.0323 0.0347 0.0395 0.0445 0.0499
160 6.4400 0.0173 0.0212 0.0253 0.0274 0.0296 0.0319 (L0341 0.0388 0.0438 0.0490
170 6.5475 0.0170 0.0208 0.0249 0.0270 0.0291 0.0313 0.0335 0.0382 0.0431 (.0-182
180 6.6510 00167 0.0205 0.0245 0.0265 0.0286 0.0308 0.0330 0.0376 0.0424 00475
190 6.7564 0.0164 0.0202 0.0241 0.0261 0.0282 0.0303 0.0325 0.0370 0.0417 0.0467

I} Fhe manufacturer’s listing shall speaity the temperature range for operation.

' K s i - ,

[2] WAV LAgent Weight Requirements (Ihi'cu i) = Pounds of agent required per cubic foot of protected volume to produce indicated concentranon at tempetr-
ature specified.

[3] t'Temperature (19] — The design temperature in the hazard arca
[4] S [Speditic Volume (cu ttIh)] — Speatic volume of superheated HFC-23 vapor may be approximated by the formulka:

S = 4731 + 0.01071

wherct - lk‘lll')(‘l“lllll'(‘ (k)
[3] C [Concentration (“6)] — Volumetric concentration of HFC-23 in air at the temperature indicated.

W

v

S

C

100 — C
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Table 3-5.1(i) 1G-541 Total Flooding Quantity [1]
1G-541
Temp Specific Vapor
-t- Volume 1G-541 Volume Requirements of Hazard Volume V/V (cu ft 1G-541/cu ft) [2]
F -S-
® (cu ft/Ib) Design Concentration (% by volume) [5]
[3] (4]
34% 38% 42% 46% 50% 54% 58% 62%%
- 40 8.87867 0.525 0.604 0.688 0.778 0.875 0.981 1.096 1.222
—30 9.09055 0513 0.590 0.672 0.760 0.8556 0.958 1.070 1.194
- 20 9.30243 0.501 0.576 0.657 0.743 0.836 0.936 1.046 1.166
-10 9.51431 0.490 0.563 0.642 0.726 0.817 0.915 1.022 1.140
0 9.72619 0.4749 0.551 0.628 0.710 0.799 (.895 1.000 1.116
10 9.93807 0.469 0.539 0.615 0.695 0.782 0.876 0.979 1.092
20 10.14990 0.459 (.528 0.602 (1,681 0.766 (1.8h8& 0.958 1.069
30 10.36180 0.450 0.517 0.590 0.667 0.750 0.840 0.939 1.O47
40 10.57370 (0.441 0.507 0.378 0.653 0.735 0.824 (1,920 1.026
50 10.78560) 0.432 0.497 0.566 0.641 0.721 0.807 (.902 1.006
60 10.99750 0.424 0.487 0.505 0.628 0.707 0.792 0.885 0.987
70 11.20930 0.416 0.478 0.545 0.616 0.693 0.777 0.868 L.968
80 11.42120 0.408 0.469 0.535 0.605 0.681 0.762 0.852 (.950
90 11.63310 0.401 0.461 0.525 0.594 0.668 0.744 0.836 0.933
100 11.84500 0.393 0.453 0.516 (.583 0.656 0.735 0.821 0.916
110 12.05690 0.386 0.-445 0.507 0.645 0.722 0.807 0.900
120 12.26870 0.380 0.437 0.498 0.634 0.710 0.793 (1.884
130 [2.48060 0.373 0.430 0.489 0.623 0.698 0.779 0.869
140 12.69250 0.367 0.422 0.481 0.612 0.686 0.766 0.855
150 12.90440 0.361 0.415 0.473 0.602 0.675 0.754 0.841
160 13.11630 0.355 0.409 0.466 0.593 (.664 0.742 0.827
170 13.32810 0.350 (.402 0.458 (1.583 0.653 0.730 0.814
180 13.54000 0.344 (1.396 0.451 0.510 0.574 0.643 0.718 0.801
190 13.75190 0.339 0.390 0.4:44 0.502 0.565 0.633 0.707 0.789
200 13.96380 0.334 0.384 0.437 (.495 0.557 0.624 0.697 0.777
[1] The manufacturer’s listing shall specify the temperature range for operation.
[2] For V/V [Agent Volume Requirements (cu fi/cu fo)], refer to 3-5.2.
[3] t [Temperature (F)] — The design temperature in the hazard area.
[4] 8 [Specific Volume (cu fi/lb)] — Specific volume of superheated 1G-541 vapor may be approxmmated by the formula:
S = 97261 + 0.021 1t
where t = temperature (F)
[5] C [Concentration (%)] — Volumetric concentration of [G-5-41 mn air at the temperature indicated.
3-6* Pressure Adjustment. The design quantity of the Table 3-6 Atmospheric Correction Factors
clean agent shall be adjusted to compensate for ambient pres-
sures that vary more than 11 percent [equivalent to approxi- .
mately 3000 'f)‘( (915 m) of elc?vation chgnge] from stgﬁdar(l Aé’::ilz}t‘i‘::lc
sea level pressures [29.92 in. Hg at 70°F (760 mm Hg at Equivalent Altitude Enclosure Pressure Factor
(°C)). The ambient pressure is aftected by changes in altitude,
pressurization or depressurization of the protected enclosure, 3,000 ft (0.92 km)  16.25 psia (84.0 cm Hg) 111
and weather-related barometric pressure changes. The agent —-2,000 ft (0.61 km)  15.71 psia (81.2 cm Hg) 1.07
quantity is determined by multiplying the quantity deter- = 1,000 ft (0.30 km)  15.23 psia (78.7 cm Hyg) 104
mined in 3-5.1 or 3-5.2 by the ratio of average ambient enclo- 0t (0.00 km)  14.71 psia (76.0 cm Hg) 1.00
sure pressure to standard sea level pressure. })'000 1t(0.30 km) 14.18 psia (73.3 cm Hg) 0.96
2,000 ft (0.61 k) 13.64 psia (70.5 cm Hg) 0.93
3-7 Duration of Protgction. It is important tha't an effec- ;888 ﬁ E?g? ll::::; {;é: S::: Egz)?) g: ﬂi; g::
tive agent concentration not only shall be achieved, but 5,000 ft (0.92 km)  12.04 psia (62.2 cm Hg) 0.89
also shall be maintained for a sufficient period of time to 6,000 ft (1.52 km) 11.53 psia (59.6 cm Hg) 0.78
allow effective emergency action by trained personnel. This 7.000 ft (1.83 km)  11.03 psia (57.0 cm Hg) 0.75
is equally important in all classes of fires since a persistent 8,000 ft (2.13 km)  10.64 psia (55.0 cm Hg) 0.72
ignition source (e.g., an arc, heat source, oxyacetylene 9,000 ft (2.44 km)  10.22 psia (52.8 cm Hg) 0.69
10,000 ft (3.05 km) 9.77 psia (50.5 cm Hg) 0.66

torch, or “deep-seated” fire) can lead to resurgence of the
initial event once the clean agent has dissipated.
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3-8 Distribution System.
3-8.1 Rate of Application.

3-8.1.1 The minimum design rate of application shall be
hased on the quantity of agent required for the desired
concentration and the time allotted to achieve the desired
concentration.

3-8.1.2% Discharge Time.

3-8.1.2.1 The agent discharge shall be completed as
quickly as possible to suppress the five and limit the forma-
tion of decomposition and combustion products. In no case
shall the discharge time exceed 10 seconds, or as otherwise
required by the authority having jurisdiction.

Exception:  For inert gases that do not form decomposition prod-
ucts, the discharge time may be extended to achieve the design con-
cenlration lUI/IIIn I minute.

3-8.1.2.2 The discharge time period is defined as the time
required to discharge from the nozzes 95 percent of the
agent mass [at 70°F (21°C)] necessary to achieve the mini-
mum design concentration.

Flow calculations performed per Section 3-2, or in accor-
dance with the listed pre-engineered system’s instruction
manuals, shall be used to demonstrate compliance with this
paragraph.

3-8.2*% Extended Discharge. When an extended dis-
charge is necessary, the rate shall be sutficient to maintain
the desired concentration for the required hold time.

3-9 Nozzle Choice and Location.

3-9.1 Nozzles shall be of the type listed for the intended
purpose and shall be placed within the protected enclosure
m compliance with listed limitations with regard to spac-
ing, floor coverage, and alignment.

3-9.2 The tvpe of nozzles sclected, their number, and
their placement shall be such that the design concentration
will be established in all parts of the hazard enclosure and
such that the discharge will not unduly splash flammable
liquids or create dust clouds that might extend the fire,
create an explosion, or otherwise adversely affect the con-
tents or integrity of the enclosure.

Chapter 4 Inspection, Maintenance, Testing, and
Training

4-1 Inspection and Tests.

4-1.1 At least annually, all systems shall he thoroughly
inspected and tested for proper operation by competent
personnel. Discharge tests are not required.

4-1.2 The inspection report with recommendations shall
be filed with the gwner.

4-1.3 At least semiannually, the agent quantity and pres-
sure of refillable containers shall be checked.

4-1.3.1 For halocarbon clean agents, it a container shows
a loss in agent quantity of more than b percent or a loss in
pressure (adjusted for temperature) of more than 10 per-
cent, it shall be refilled or replaced.

4-1.3.2  For inert gas clean agents that are not liquefied,
pressure is an indication of agent quantity. If an inert gas
clean agent container shows a loss in pressure (adjusted for
temperature) of more than 5 percent, it shall be refilled or
replaced. Where container pressure gauges are used for
this purpose, they shall be compared to a separate cali-
brated device at least annually.

4-1.3.3 Where the amount of agent in the container is
determined by special measuring devices, these devices
shall be listed.

4-1.4  All halocarbon clean agent removed from refillable
containers during service or maintenance procedures shall
be collected and recveded or disposed of in an environmen-
tally sound manner and in accordance with existing laws
and regulations. All inert gas clean agents based on those
gases normally found in the cartli’s atmosphere need not
be recycled.

4-1.5 Factory-charged, nonrefillable containers that do
not have a means of pressure indication shall have the
agent quantity checked at least semiannually. It a container
shows a loss in agent quantity of more than 5 percent, it
shall be replaced. All factory-charged, nonrefillable con-
tainers removed from uscful service shall be returned for
recycling of the agent or disposed of in an environmentally
sound manner and in accordance with existing laws and
regulations.

4-1.6  For halocarbon clean agents, the date of inspection,
gross weight of cvlinder plus agent or net weight of agent,
type of agent, person performing the inspection. and,
where applicable, the pressure at a recorded temperature
shall be recorded on a tag attached to the container. For
mert gas clean agents, the date of inspection, tvpe of agent,
person performing the inspection, and the pressure at a
recorded temperature shall be recorded on a tag attached
to the container.

4-2 Container Test.

4-2.1 Department of Transportation (D.0O.T.), Canadian
Transport Commission (C.T.C.). or similar design clean
agent containers shall not be recharged without retest if
more than 5 years have elapsed since the date of the last
test and inspection. For halocarbon agent storage contain-
ers, the retest mav consist of a complete visual inspection as
described in the Code of Federal Regulations. Title 49, Sec-
tion 173.34 (e) (10).

NOTE: Transporting charged containers that have not

been tested within 5 years may be illegal. Federal and local

regulations should be consulted.
4-2.2* Visual Inspection. Cvlinders continuously in ser-
vice without dischurtrinq shall be given a complete external
visual inspection every 5 vears or more frequently if
required. The visual inspection shall be in accordance with
Compressed Gas Association pamphlet C-6, Section 3,
except that the cyvlinders need not be emptied or stamped
while under pressure. Inspections shall be made only by
competent personnel and the results recorded on:

(a) A record tag permanently attached to each cylinder;
and

{b) A suitable inspection report. A completed copy of the
inspection report shall be furnished to the owner of the

1994 Edition



2001-22 CLEAN AGENT FIRE EXTINGUISHING SYSTEMS

system or his authorized representative. These records
shall be retained 1 by the owner for the life of the system.

4-2.3  Where external visual inspection indicates that the
container has been damaged., additional strength tests shall
he required.

4-3 Hose Test.

4-3.1 General. All svstem hose shall be examined annu-
ally for damage. If visual examination shows anv defi-
ciency, the hose shall be immediately replaced or tested as
specified in 4-3.3,

4-3.2 Testing. All hose shall be tested every b years,
4.3.3 All hose shall be tested at 1Yo times the maximum
container pressure at 130°F (54.4°C) as follows:

(a} Remove the hose from any attachment:

{b) The hose assembly is then to be placed in a protec-
tive enclosure designed to permit visual observation of the
test;

(¢) The hose must be completely filled with water before
testing:

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

(e} I the test pressure has not dropped or if the cou-
plings have not moved. the pressure is released. The hose
assembly is then considered to have passed the hvdrostatic
test if no permanent distortion has taken place:

() Hose assembly passing the test must be completely
dried internally. If heat is used for drying, the temperature
must not exceed the manufacturer’s specifications:

{g) Hose assemblies failing a hydrostatic test must be
marked and destroved. They shall be replaced with new
assemblies; and

(h} Each hose assembly passing the hydrostatic test shall
he marked to show the date of test.

4-4 Enclosure Inspection. At least every 12 months, the
enclosure protected by the clean agent shall be thoroughly
inspected to determine if penetrations or other changes
have occurred that could adversely affect agent lukdqc or
change volume of hazard or both. Where the inspection
indicates conditions that could result in inability to main-
tain the clean agent concentration, they shall be corrected.
I uncertainty sull exists, the enclosures shall be retested
for integrity in accordance with 4-7.2.3.

Exception: A enclosure nspection is not vequired vvery 12
months 1f a documented administrative control program exists that
addresses barrier integrity.

4-5 Maintenance.

4-5.1 These systems shall be maintained in full operating
condition at all times. Actuation, impairment, and restora-
tion of this protection shall be reported promptly o the
authority having jurisdiction.

4-5.2  Any troubles or impairments shall be corrected i a
timely manner consistent with the hazard protected.
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4-5.3* Anv penetrations made through the enclosure
protected by the cean agent shall be sealed immediately.
‘The method of sealing shall restore the original fire resis-
tance rating of the enclosure.

4-6 Training.

4-6.1 All persons who might be expected to inspect, test,
maintain, or operate fire estinguishing systems shall be
thoroughly trained and kept thoroughly trained in the
functions they are expected to perform.

4-6.2% Personnel working in an enclosure protected by a
clean agent shall receive tramming regarding agent safety issues.

4-7 Approval of Installations.

4-7.1 The completed system shall be reviewed and tested
by qualified personnel to meet the approval of the author-
ity having jurisdiction. Only listed equipment and devices
shall be used in the systems. To determine that the system
has been properly installed and will function as specified.
the following tests shall be performed.

4-7.2 Installation Acceptance.

4-7.2.1 1t shall be determined that the protected enclosure
is in general conformance with the construction documents.

4-7.2.2 Review Mechanical Components.

4-7.2.2.1 The piping‘ distribution system shall be
mspected to determine that it is in (()mplldn(c with the
design and installation documents.

4-7.2.2.2  Nozzles and pipe size shall be in accordance with
svstem drawings. Means of pipe size reduction and attitudes
of tees shall be checked for conformance to the design.

4-7.2.2.3 Piping joints, discharge nozzles, and piping sup-
ports shall be securely fastened to prevent unacceptable
vertical or lateral movement during discharge. Discharge
nozzles shall be installed in such a manner that piping can-
not become detached during discharge.

4-7.2.2.4 During assembly, 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 i the effective
nozzle orifice area.

4-7.2.2.5 The discharge novzzle shall be oriented m such a
manner that optimum dgcn[ dispersal can be effected.

4-7.2.2.6 1 nosude deflectors are installed. they shall be
positioned to obtain maximum benefit.

4-7.2.2.7 'The discharge nozsles. piping, and mounting
brackets shall be installed in such a manner that they will not
potentially cause injury to personnel. Agent shall not directly
impinge on areas where personnel might be found in the
normal work arca. Agent shall not directly impinge on any
loose objects or shelves, cabinet tops, or similar surfaces
where loose objects could be present and become missiles.
4-7.2.2.8 All agent storage containers shall he properh
located in accordance with an approved set of system drawings.
4-7.2.2.9 All containers and mounting brackets shall be
fastened securely in accordance with the manufacturer’s
requirements.
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4-7.2.2.10 A discharge test is gvnc‘rull\‘ not recom-
mended; however, if a discharge test is to be conducted,
containers for the agent to be used shall be w cighed before
and after discharge. Fill weight of contamer shall be veri-
ficd by weighing or other approved methods. For inert gas
clean agents, container pressure shall be recorded before
and after discharge.

4-7.2.2.11 Adequate quantity of agent produce the
desirved specified concentration shall be provided. The
actual room volumes shall be checked against those indi-
cated on the svstem drawings to ensure the proper quan-
tity of agent. Fan coastdown and damper closure time shall
be taken into consideration.

4-7.2.2.12  The piping shall be pneumatically tested in a
closed circuit for a period of 10 minutes at 150 psig. At the
end of 10 minutes, the pressure drop shall not exceed 20
pereent of the test pressure. When the piping is being pres-
surized, pressure shall be increased in 50-psi (3.5-bar)
increments.

CAUTION:  Pncumatic pressure testing creates a poten-
. - . . o ..
tial risk of mjury to personnel in the arca as a1esult of air-
borne projectiles if vupture of the piping svstem oceurs,
Prior to the pneumatic pressure test being conducted, the
protected area shall be evacuated and appropriate safe-
guards shall be provided for test personnel.

Exception:  The pressure lest shall be pernatted to be omitted if the
otal piping contains no more than one change in direction filting
hetween the storage container and the discharge nozzle, and where
all piping is physically checked for ightness.

4-7.2.2.13* A flow test using nitrogen shall be performed
on the piping network to verify that flow is continuous, and
that the piping and nozzles are unohstructed.

4-7.2.3*% Review Enclosure Integrity. All total flooding
svstems shall have the enclosure examined and tested to
locate and then effectively seal any significant air leaks that
could result in a failure of the enclosure to hold the speci-
ficd agent concentration level for the specified holding
period. The currently preferred method is using a blower
door fan unit and smoke pencil. 1f quantitative results are
recorded, these could be useful for comparison at future
tests. (For guidance, refer to Appendix B of this stundard.)

4-7.2.4 Review Electrical Components.

4-7.2.4.1 All wiring svstems shall e properly installed in
conduit and in compliance with local codes und the system
drawings. AC and DC wiring shall not be combined in a
common conduit or raceway unless properly shielded and
grounded.

4-7.2.4.2 All field civcuits shall be free of ground faults
and short circuits. Where measuring field circuitry, all elec-
tronic components (such as smoke and flame detectors or
special electronic equipment for other detectors or their
mounting bases) shall be removed and jumpers properly
installed to prevent the possibility of damage within these
devices. Components shall be replaced after measuring.

4-7.2.4.3 Power shall be supplied to the control unit from
a separate dedicated source that will not be shut down on
system operation.

4-7.2.4.4 Adequate and reliable primary and 24-hour
minimum standby sources of energy shall be used to pro-
vide for operation of the detection, signaling. control, and
actuation requirements ol the svstem.

4-7.2.4.5 All auxiliary functons such as alarm-sounding
or displaving devices, remote annunciators, air-handling
shutdown, power shutdown, and so on shall be checked for
proper operation in accordance with system requirements
and design specifications. If possible, all air-handling and
power-cutoft controls shall be of the type that, once inter-
rupted, require manual restart to restore power.

4-7.2.4.6 Silencing of alarms (if desirable) shall not affect
other auxiliary functions such as air handling or power
cutoft if required in the design specification.

4-7.2.4.7 'The detection devices shall be checked for proper
type and location as specified on the system drawings.

4-7.2.4.8 Detectors shall not be located near obstructions
or air ventilation and cooling equipment that would appre-
ciably aftect their response characteristics, Where apphica-
ble, air changes for the protected arca shall be taken into
consideration. Refer to NFPA 72, National Fire Alarm Code,
and the manufacturer’s recommended guidelines.

4-7.2.4.9 The detectors shall be mstalled in a professional
manner and in accordance with technical data regarding
their installation.

4-7.2.4.10 Manual pull stations shall be properly
installed, readily accessible. accurately identified, and
properly protected to prevent damage.

4-7.2.4.11 Al manual stations used to release agents shall
require 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 svs-
tem are in close proximity and could be confused or the
wrong system actuated. Manual stations in this instance
shall be clearly identified as to which zone or suppression
area they affect.

4-7.2.4.12  For systems with a main/reserve capability, the
main/reserve switch shall be properly installed, readily
accessible, and clearly identified.

4-7.2.4.13 For systems using abort switches, the switches
shall be of the deadman type requiring constant manual pres-
sure, properly installed, readily accessible within the hazard
area, and clearly identified. Switches that remain in the abort
position when released shall not be used for this purpose.
Manual pull stations shall always override abort switches.

4-7.2.4.14 The control unit shall be properly installed
and readily accessible

4-7.2.5 Functional Testing.

4-7.2.5.1 Preliminary Functional Tests. The following
preliminary functional tests shall be provided:

(a) If the system is connected to an alarm receiving
office, the alarm receiving office shall be notified that the
fire system test is to be conducted and that an emergency
response by the fire department or alarm station personnel
is not desired. All concerned personnel at the end-user’s
facility shall be notified that a test is 10 be conducted and
shall be instructed as to the sequence of operation,
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(b) Disable cach agent storage container release mecha-
nism so that activation of the release circuit will not release
agent. Reconnect the release circuit with a functional
device in licu of cach agent storage container release mech-
anism. For electrically actuated release mechanisms, these
devices can include 24-volt lamps, {lash bulbs, or darcuit
breakers. Pneumatically actuated release mechanisms can
include pressure gauges. Refer to the manufacturer’s rec-
ommendations in all cases.

(¢) Check each detector for proper response.

(d) Check that polarity has been observed on all polar-
ized alarm devices and auxiliary relays.

(e) Check that all end-of-line resistors have been
installed across the detection and alarm bell circuits where
required.

(D Check all supervised circuits for proper trouble
response.

4-7.2.5.2 System Functional Operational Test. The fol-
lowing system functional operational tests shall be performed:

(a) Operate detection initiating circuit(s). All alarm func-
tions shall occur according to the design specification.

(b) Operate the necessary circuit to initiate a second
alarm circuit if present. Verify that all second alarm func-
tions occur according to design specifications.

(c) Operate manual release. Verify that manual release
functions occur according to design specifications.

(d) 1f supplied, operate abort switch circuit. Verify that
abort functions occur according to design specifications.
Confirm that visual and audible supervisory signals are
received at the control panel.

(e} Test all automatic valves unless testing the valve will
release agent or damage the valve (destructive testing).

() Where required. check pneumatic equipment for
integrity to ensure proper operation.

4-7.2.5.3 Remote Monitoring Operations. 'The following
testing of remote monitoring operations, if applicable, shall
be performed:

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

(b) Opcrate cach type of alarm condition on each signal
circuit and verify receipt of trouble condition at the remote
station.

4-7.2.5.4 Control Panel Primary Power Source. The fol-
lowing testing of the control panel primary power source
shall be performed:

(a) Venfy that the control panel is connected to a dedi-
cated circuit and labeled properly. This panel shall be
readily accessible, vet restricted to unauthorized personnel.

(b) Test a primary power failure in accordance with the
manufacturer’s specification with the system fully operated
on standby power.

4-7.2.5.5 When all predischarge work is completed,

reconnect cach agent storage container so that activation of

the release circuit will release the agent. System shall be
returned to its fully operational design condition. The
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alarm receiving office and all concerned personnel at the
end-user’s facility shall be notified that the fire system test
is complete and that the system has been returned to full
service condition.

Chapter 5 Referenced Publications

5-1 The following documents or portions thereof are ref-
crenced within this standard and shall be considered part
of the requirements of this document. The edition indi-
cated for each reference is the current edition as of the
date of the NFPA issuance of this document.
5-1.1 NFPA Publications. National Fire Protection Asso-
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.

NEPA 70, National Electrical Code, 1993 edition.

NFPA 72, National Fire Alarm Code, 1993 edition.
5-1.2 Other Publications.

5-1.2.1 ANSI Publications. American National Standards
Institute, Inc., 1430 Broadway, New York, NY 10018,

ANSI B1.20.1-1983, Standard for Pipe Threads, General
Purpose.

ANSI C2-1993, National Electrical Safety Code.
5-1.2.2 ASME Publication. American Society of Mechan-
ical Engineers, 345 Fast 47th Street. New York, NY 10017,

ASME Boiler and Pressure Vessel Code, 1936.

ASME B31.1-1992, Power Piping Code.
5-1.2.3 ASTM Publications. American Society for Test-
ing and Materials, 1916 Race Street, Philadelphia, PA
19103.

ASTM A120-84, Specifications for Welded and Seamless Steel
Pipe.
5-1.2.4 CGA Publications. Compressed Gas Association,
1235 Jefferson Davis Highway, Arlington, VA 22202,

CGA C-6-1984, Standard for Visual Inspection of Compressed
Gas Cylinders (Steel).
5-1.2.5 UL Publication. Underwriters Laboratories Inc.,
333 Pfingsten Road, Northbrook, 11 60062.

UL 1058, Standard for Safety Halogenated Agent Extinguish-
ing Swstem Units, 1989 edition.

5-1.2.6 ULC Publications. Underwriters Laboratories of
Canada, 7 Crouse Road, Scarborough, Ontario, Canada
MI1R 3A9.

ULC 8524-M8G, Standard for the Installation of Fire Alarm
Systems.

ULC $529-M87. Smoke Detectors for Five Alarm Systems.
5-1.2.7 U.S. Government Publication. Superintendent of

Documents, U.S. Government Printing Office, Washington,
DC 20401.

Code of Federal Regulations, Title 49 Transportation, Parts
170-190.
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Appendix A Explanatory Material

This Appendix s not a part of the requirements of this NFPA document,
hut iy ncluded for imformational purposes only.

A-1-3.1 Normally Occupied Areas. Spuaces occasionally
visited by personnel, such as transformer bays, switch-
houses, pump rooms, vaults, engine test stands, cable travs,
tunnels, microwave relay stations, flammable liquid storage
arcas, enclosed cnergy systems, etc., are examples of areas
considered not normally occupied.

A-1-4.1 Physical Properties. The clean halocarbon
agents currently listed possess the physical properties as
detailed in Tables A-1-4.1(a) and A-1-4.1(h). This data will
be revised from time to time as new information becomes
available. Additional background information and data on
these agents can be found in several references:  Fernan-
dez, R. (1991); Hanauska, C. (1991); Robin, M.L. (1991):
Sheinson, R.S. (1991).

A-1-4.1.2 The designations for perfluorocarbons (FCs),
hy(lr()bmmoﬂuom(rzirl)ons (HBFCs), hydrochlorofluoro-
carbons (HCFCs), and hvdrofluorocarbons (HFCs) follow
designations in a standard prepared by the American
National Standards Institute (ANSI) and the American
Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE): ANSI/JASHRAE Standard 34-1989,
Number Designation and Safety Classification of Refrigerants.
HCFC Blend A is a designation for a blend of HCFCs and

Table A-1-4.1(a)

a hydrocarbon. The designation 1G-541 is used in this
standard for a blend of three inert gases:  nitrogen, argon,
and carbon dioxide (52 percent, 40 percent, and 8 percent,
respectively).

A-1-4.2.4 'The provision of an enclosure mayv create an
unnecessary explosion hazard where otherwise only a fire
hazard exists. A hazard analysis should be conducted to
determine the relative merits of differing design concepts
(i.e., with and without enclosures) and the most relevant
means of fire protection.

A-1-4.2.8 This provides consideration for using a clean
agent in an environment that may result in an inordinate
amount of products of decomposition (i.c., within an oven).

A-1-5.1.1 Hazards to Personnel. The discharge of clean
agent systems to extinguish a fire may create a hazard to
personnel from the natural form of the clean agent or from
the products of decomposition that result from exposure ol
the agent 1o the fire or hot surfaces. Unnecessary exposure
of personnel to either the natural agent or to the decom-
position products should be avoided.

Table A-1-5.1.1 provides information on toxicological
and physiological effects covered by this standard. The No
Observed Adverse Effect Level (NOAEL) is the highest
concentration at which no adverse physiological or toxico-
logical effect has been observed. The Lowest Observed
Adverse Effect Level (LOAEL) is the lowest concentration
at which an adverse physiological or toxicological effect has

Physical Properties of Clean Halocarbon Agents (English Units)

HCFC
Units FC-3-1-10 HBFC-22B1 Blend A HCFC-124 HFC-125 HFC-227ea HFC-23 1G-541

Molecular Weight N/A 238.03 130.92 92.90 136.5 120.02 170.03 70.01 34,0
Boiling Point

(@ 760 mm Hg °F REIE 4.1 —-37.0 12.2 -55.3 2.6 —115.7 — 320
Freeszing Point °F - 198.8 =220 < —161.0  =326.0 - 153 - 204 —2474 109
Critical Temperature °F 235.8 281.8 256.0 252.0 150.8 215.0 8.6 N/A
Critical Pressure psia 337 744 96-4 524.5 521 +22 701 N/A
Critical Volume ft"lbm 0.0250 0.0207 (10280 0.0283 0.028] 0.0258 0.0305 N/A
Critical Density byt 39.30 48.31 36.00 35.28 35.68 38.76 3278 N/A
Specitic heat, hiquid

(a 77°F B1'U/b-°F 0.25 0.19-44 0.30 0.270 0.301 0.2831 0.370 N/A
Specific heat, vapor

(e constant pressure

(1 atm.) & 77°F BTU/IL-°F 0.192 0.1088 0.16 0.177 0.191 0.1932 0.176 0.195
Heat of Vaporization

at Boiling Point BTU/1bh 414 73.9 97 83.2 70.8 57.0 103.0 94.7
Thermal Conductivity

of Liquid @ 77°F BTU/h ft°F 0.0310 0.048 0.052 0.0417 0.0376 0.040 0.0:450 NiA
Viscosity, iquid @ 77°F Ih/ft hr 0.783 0.677 0.508 0.723 0.351 0.547 0.201 N/A
Relative dielectric strength

(@ 1 atm. @ 734 mm Hg 0.955

77°F (Ny=1.00 N/A 5.25 1.35 1.32 1.55 (@ 70°F 2.00 1.04 [.03

0.001¢% 0.05% 0.12% 0.07¢ 0.07¢ 500 ppm

Solubility of water in agent by by by by weight by weight 0.06% @ H0°F

(a 70°F N/A weight weight weight @ 77F (a 77F by weight (10°Cy  0.015%
Vapor Pressure @ 77°F psi 42.0 62.6 1.37 56 199 66.4 686.0 2207
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Table A-1-4.1(b) Physical Properties of Clean Halocarbon Agents (SI Units)
HCFC
Units FC-3-1-10 HBFC-22B1 Blend A HCFC-124 HFC-125 HFC-227ea HFC-23  1G-541
Maolecular Weight NoA 23%.03 130.092 92,00 156.5 120.02 170.03 70.01 340
Boiling Point
(«r 760 mm Hg G — 2.0 - 15.5 =383 =110 — 8.5 —16.4 -82.1 - 196
Freeszing Point (L — 1282 -1 < —107.2 198.9 —102.8 — 131 - 15352 =785
Critical Temperature °C 1135.2 [RE 1244 1222 66.0 101.7 25.9 N
Critical Pressure kPa 2323 2132 66 17 3614 35495 2012 4836 N/A
Critical Volume co/mole 371 169 162 241.6 210 274 133 N/A
Critical Density kgim'’ 624 770 577 H65 571 621 525 NiA
Spedific heat, liguid
(@ 25°C kf/kgC 1.047 0.813 1.256 1.13 1.260 1.184 1.5:49 N/A
Speatlic heat, vapor
ftt constant pressure
(1 atmy & 25°C K]rkg™C (3,804 0455 067 0.741 (.800 0.808 0.737 0574
Heat of Vaporization at
Boiling Point (u 25°C k] 'khg 96.3 172.0 295.6 194 164.7 132.6 239.6 22()
I'hermal Conductvity of
Liquid w 257C WmC 0.0537 0.083 0.0900 0.0722 0.0651 0.069 0.0779 NCA
Viscosity, Tiguidd
w2570 centipoise 0321 (.280 0.21 0.209 0.145 0.226 0.083 N/
Relative dielectric strength
(o T atm. (0 731 mm Hy. 0.955
25°C AN, = 1.0 N A 3.25 135 1.52 1.55 w21°CF 2.00 1.04 1.03
0077% 0.07¢ 500 ppm
Solubility of water inagent 0.001¢ 0.05% 0,120 by weight by weight 0.06% a 50°F
(u 21°C NA by weight by werght by weight e 25°C (a 95°C by weight (10°CY 0015
Vapor Pressure
(a0 25°C kPa 280.6 313 48 A86 1371 A07.7 TBD 15200
been observed. For inert gas agents, adverse physiological Table A-1-5.1.1 Toxicity Information
cffects due to low oxvegen concentration are the first to be
observed. Restrictions ¢ e use of certain agents covered in
1; 'S¢ ['t ll.R_(l\; _l n mn tl_lc' ! >w<e).l‘ulnv s_,e l u}) ’c‘ t'(ll No Observable Lowest
S Stang (lA[( O use in norma \ OCC U})lL( areas dl.( yased on Adverse Observable
4 comparison of the actual agent concentration to the Effect Level  Adverse Effect
NOAFEL. Where the actual concentration will be hlghcr than Agent LG5, or ALC (NOAEL) Level (LOAEL)
the NOAEL or where the needed data are unavailuble, the — > - »
agents are restricted to use only i arcas that are not nor- :‘{(l‘;f_;‘l:,lf,’m l>“82(;, ﬁ:»f( i!:){
ally occupied. To kee q ‘oncentrations above 16 T o - RO
m)l- ,“ ()((}“}))K(l' l'o k;tl; ()A\’\“L‘{(“nl‘f()ll(yt.l;ltllill()l‘l-s xlx)»l\; ].) HOFC Blend A B 100G S 10,00
percent, the point at which onset of impaired personnel func- HOFC-124 9%0r - 9y Lo 0 50t
tion occurs, no halogenated fire cxtmgm‘shmg agents HEC-125 - 7% 7 5% 10,077
;1([(1:‘(‘§sc(l in lh}.\ standard should be used mn a normally HEC-997ea < R0 9.00¢ 1054
occupled area of concentration greater than 24 percent. HEFC-23 > 65 50 > 50"
The health concern for inert gas clean agents is asphyx- 1G-341 AYAY SR HoGE
Halon 1301 > 80¢ 5% 7.5%

iation due to the lowered oxvgen levels.
Other potential hazards to be considered for individual
systems are the following:

{a) Noose. Discharge of a system can cause noise loud
enough to be startling but ordinarily insuthicient to cause
traumatic injury.

(by Turbwlence.  High velocity discharge from nossles
may be sufficient to dislodge substantial objects directly in
the path. System discharge may cause enough general tur-
hulence in the enclosures to move unsecured paper and
light objects.
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* Based on physiological elects in humans i hypoxic atmospheres. These
values are the funcoonal equivalents of NOAEL and LOAEL values, and
cortespond to 12 percent minimum oxygen at the NOAEL and 10 percemnt
mmum oxvgen at the LOARL,

NOTE 11 LCqq by the concentration lethal to 5000 of a vat population during,
a 4-hour exposure. The ALC is the approximate lethal concentration.
NOTE 2. The cardiac sensitization levels are hased on the observance or
non-observance of serious heart arrythmias in a dog. The usual protocol
a S-munute exposure followed by a challenge with epinephrine.

NOTE 3: High concentration values are determined with the adduion of
oxygen to prevent asphy xiation

NOTE 4: Values tor Halon 1301 are mduded m this table for sake ot
(Unll)(“']ﬁ()lL
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(€) Cold Temperature.  Direct contact with the vaporizing
liquid being discharged from a system will have a strong
chilling effect on objects and can cause frostbite burns to
the skin. The liquid phase vaporizes rapidly when mixed
with air and thus limits the hazard o the immediate vicin-
ity of the discharge point. In humid amospheres, minor
reduction in visibility may occur for a hrief period due to
the condensation of water vapor.,

Decomposition Products of Clean Agents. Although
most of the clean agents have a low level of toxicity, the
decomposition products generated by the clean agent
breaking down in the presence of very high amounts of
heat mav be hazardous. Most of the agents contain quanti-
ties of fluorine. In the presence of available hydrogen
(from water vapor, or the combustion process itself) the
main decomposition product is hvdrogen fluoride (HF).

These decomposition products have a sharp, acrid odor,
cven in minute concentrations of only a few parts per mil-
lion. This characteristic provides a built-in warning system
for the agent, but at the same tme creates a noxious, irri-
tating atmosphere for those who must enter the hazard
following a fire.

The amount of agent that can be expected to decompose
in extinguishing a fire depends to a large extent on the size
of the fire, the particular clean agent, the concentration of
the agent, and the length of time the agent is in contact
with the flame or heated surface. If there is a very rapid
huildup of concentration to the critical value, then the fire
will be extinguished quickly and the decomposing will be
limited to the minimum possible with that agent. Should
that agent’s specific composition be such that it could gen-
crate large quantities of decomposition products, and the
time to achieve the critical value is lengthy, then the quan-
tty of decomposition products may be quite great. The
actual concentration of the decomposition products must
then depend on the volume of the room in which the fire
was burning and on the degree of mixing and ventilation.

Clearly, longer exposure of the agent to high tempera-
tures would produce greater concentrations 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 agent to the elevated temperature if the con-
centration of the 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.

1G-541 uses carbon dioxide to promote breathing char-
acteristics intended to sustain life in the oxygen deficient
environment for protection of personnel. Care should be
used not to design inert gas-type systems for normally
occupied areas using design concentrations higher than
that specified in the system manufacturer’s listed design
manual for the hazard being protected.

Inert gas clean agents do not decompose measurably in
extinguishing a fire. As such, toxic or corrosive decompo-
sition products are not found. However, heat and break-
down products of the fire itself can still be substantial and
could make the area untenable for human occupancy.

A-1-5.1.2 Safety Requirements. The steps and safe-
guards necessary to prevent ijury or death to personnel
in arcas whose atmospheres will be made hazardous by the
discharge or thermal decomposition of clean agents may
include the following:

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

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

(¢) Provision of alarms within such areas that will oper-
ate immediately upon detection of the fire.

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

(¢) Provision of continuous alarms at entrances to such
areas until the atmosphere has been restored to normal.

(f) Provision of warning and instruction signs at
entrances to and inside such areas. These signs should
inform persons in or entering the protected area that a
clean agent system is installed, and may contain additional
instructions pertinent to the conditions of the hazard.

(g) Provision for the prompt discovery and rescue of
persons rendered unconscious in such arcas. This may he
accomplished by having such areas searched immediately
by trained personnel equipped with proper breathing
equipment. Self-contained breathing equipment and per-
sonnel trained in its use and in rescue practices, including
artificial respiration, should be readily available.

(h) Provision of instruction and drills for all personnel
within or in the vicinity of such arcas, including mainte-
nance or construction people who may be brought into the
area, to ensure their correct action when a clean agent svs-
tem operates.

(1) Provision of means for prompt ventilation of such
areas. Forced ventilation will often be necessary. Care
should be taken to readily dissipate hazardous atmo-
spheres and not merely move them to another location.

() Prohibition against smoking by persons until the
atmosphere has been determined to be free of the cean
agent.

(k) Provision of such other steps and safeguards that a
careful study of each particular situation indicates is neces-
sary to prevent injury or death.

A-1-6  Many factors impact the environmental acceptability
of a fire suppression agent. Uncontrolled fires may pose sig-
nificant impact by themselves. All extinguishing agents
should be used in ways that eliminate or minimize the poten-
tial environmental impact. General guidelines that may be
followed to minimize this impact include the following:

(a) Do not perform unnecessary discharge testing;

(b) Consider the ozone depletion and global warming
impact of the agent under consideration and weigh these
impacts against the fire safety concerns;

{¢) Recvele all agents where possible: and

(d) Consult the most recent environmental regulations
on each agent.

The unnecessary emission of clean extinguishing agents
with either the potential of ozone depletion, the potential
of global warming, or the potential of both, should be
avoided. All phases of design, installation, testing, and
maintenance of systems using these agents should be per-
formed with the goal of no emission to the environment.

A-1-8.1 It is generally believed that, because of the highly
stable nature of the compounds that are derived from the
families including halogenated hydrocarbons and inert
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gases, incompatibility will not be a problem. These materi-
als tend to behave in a similar fashion and, as far as is
known, the reactions that might occur as the result of mix-
ing of these materials within the container is not thought to
be a real consideration with regard to their application to a
fire protection hazard.

It is clearly not the intent of this section to deal with com-
patibility of the agents with components of the extinguishing
hardware. This particular consideration is addressed else-
where in this document. It is also dearly not the intent of this

section to deal with the subject of storability or storage life of

individual agents or mixtures of those agents. This also 1s
addressed in another section of this standard.

A-2-1.1.2  An extra full complement of charged cyvlinders
(connected reserve) manifolded and piped to feed into the
automatic system should be considered on all installations.
The reserve supply is normally actuated by manual opera-
tion of the main/reserve switch on cither electrically oper-
ated or pneumatically operated systems. A connected
reserve is desirable for the following reasons:

(a) Provides protection should a reflash occur.

(b) Provides reliability should the main bank malfunction.

(¢) Provides protection during impaired protection
when main tanks are being replaced.

(d) Provides protection of other hazards if selector
valves are involved and multiple hazards are protected by
the same set of cylinders

If a full complement of charged cylinders cannot be
obtained, or the empty cyvlinder recharged, delivered, and
reinstalled within 24 hours, a third complement of fully
charged nonconnected spare cylinders should be considered
and made available on the premises for emergency usc. The
need for spare cvlinders may depend on whether or not the
hazard is under the protection of automatic sprinklers.

A-2-1.2 The normal and accepted procedures for making
these quality measurements will be provided by the chemical
manufacturers in a future submittal. As cach clean agent var-
ies in its quality characteristics, a more comprehensive table
than the one currently in the standard will be developed. It
will be submitted through the public proposal process.
Recovered or recycled agents are currently not available, and
thus quality standards do not exist at this time. As data
becomes available, this criteria will be developed.

A-2-1.3.2 Storage containers should not be exposed to a
fire in a manner likely to impair system performance.

A-2-1.4.1 Containers used for agent storage should be fit
for the purpose. Materials of construction of the container,
closures, gaskets, and other components should be compati-
ble with the agent and designed for the anticipated pressures.
Fach container is equipped with a pressure relief device to
protect against excessive pressure conditions.

The variations in vapor pressure with temperature, for
the various clean agents, are shown in Figures A-2-1.4.1(a)
through A-2-1.4.1(g).
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With the exception of 1G-5341, all of the other dean
agents are classified as liquefied compressed gases at 70°F
(21°C). For thesc agents, the pressure in the container is
significantly affected by fill density and temperature. At
elevated temperatures the rate of increase in pressure is
very sensitive to fill density. If the maximum fill density is
exceeded, the pressure will increase rapidly with tempera-
ture increase so as to present a hazard to personnel and
property. Therefore, it is very important that the maxi-
mum fill density limit sp(uflul for each hquefied clean
agent not he exceeded. Adherence to the limits for fill den-
sity and pressurization levels specified in Table 2-1.4.1
should prevent excessively high pressures from occurring
if the agent container is exposed to elevated temperatures,
and will minimize the possibility of an inadvertent dis-
charge of agent through the pressure relief device.

A-2-1.4.2  Although it is not a requirement of this particular
paragraph, all new and existing agent storage containers
should be affixed with a label advising the user that the prod-
uct in question may be returned for recovery and recycling to
a qualified recycler when the agent is no longer needed. The
qualified recycler may be an agent manufacturer, a five
equipment manufacturer, a fire equipment distributor or
installer, or an independent commercial venture. It is not the
intent to set down specific requirements but to indicate the
factors that need to be taken into consideration with regard
to recyeling and reclamation of the agent products, once facil-
ities are available. As more information becomes available,
more delinitive requirements can be set forth in this section
regarding quality, efficiency, recovery, and qualifications and
certifications of recveling agents. At this point, no such facilities
exist that would apply to the agents covered by this document.

A-2.1.4.5 Inert gas blends may utilize multiple storage
container sizes connected to a common manifold. Inert gas
blends are single-phase gases in storage and at all times
during discharge.

A-2-2.1 Piping. Piping should be installed in accordance
with good commercial practice. Care should be taken to
avoid possible restrictions due to foreign matter, faulty fab-
rication, or improper installation.

The piping system should be securcly supported with
due allowance for agent thrust forces and thermal expan-
sion and contraction and should not be subjected to
mechanical, chemical, vibration, or other damage. ANSI
B31.1 should be consulted for guidance on this matter.
Where explosions are likely, the piping should be attached
to supports that are least likely to be displaced.

Although clean agent systems are not subjected to con-
tinuous pressurization, some provisions should be made to
ensure that the type of piping installed can withstand the
maximum stress at maximum storage temperatures. Maxi-
mum allowable stress levels for this condition should be
established at values of 67 percent of the minimum yield
strength or 25 percent of the minimum tensile strength,
whichever is less. All joint factors should be applied after
this value is determined.
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Figure A-2-1.4.1(d) Isometric diagram of HCFC Blend A, metric.
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Figure A-2-1.4.1(e) Isometric diagram of HFC-227ea [pressurized with
nitrogen to 360 psig (2.5 mPa) at 70°F (21°C)].

Minimum Piping Requirements

The tollowing table provides data on the maximuam allow-
able pressure tor which the most common types of steel pipe
can he used. The pressures have been caleulated using the for-
mula and SE values shown in A-2-2 L1 and A-2-2.1.14(7).

The table provides pressure ratings for pipe sizes Yo in,
through 8 in. NPS, in both Schedule 40 und Schedule 30
wall thickness.

Halocarbon agent systems: For halocarbon agent sys-
tems, choose the proper piping where the pressure rating
is cqual to or greater than the pressure i the container at
130°F (55°C).

Inert_gas agent svstem:  For piping upstream of the
pressure reducer, choose the proper piping where the
pressure rating is equal to or greater than the pressure in
the container at 130°F (53°C).

For piping downstream of the pressure reducer, choose
the proper piping where the pressure rating is equal to or
greater than the anticipated pressure in the piping at
130°F (55°C0).

A-2-2.1.1 The following presents calculations to provide
minimum pipe schedules (wall thickness) for use with clean
agent fire extinguishing systems in accordance with this stan-
dard. Paragraph 2-2.1.1 requires that “the piping wall shall be
calculated in accordance with ANSI B3 1.1, Power Piping Code.”
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Piping with Threaded Connections
Maximum Allowable Pressure (psig)

Schedule 40 Steel Pipe

A-53B A-53A
Grade: A-106C A-106B A-53B A-106A A-53A A-53F
Type: Seamless Seamless ERW Seamless ERW Furnace

NPS SE: 21000 18000 15360 14400 12240 8160
I 2593 2292 1896 1778 1511 1008
Yy 2934 1915 1634 1532 1302 268

1 2026 1736 1482 1390 1181 787
11/, 1782 1528 1301 1222 1038 692
R 1667 1429 1220 1144 972 648
2 1494 1280 1093 1025 871 581
2l 1505 1290 1100 1032 877 584
3 1392 1193 1018 954 811 541
B! 1278 1096 O35 876 745 197
5 1193 1022 879 218 693 463
8 1141 978 834 782 661 443
8 1081 926 790 740 630 420

Schedule 80 Steel Pipe
A-53B A-53A
Grade: A-106C A-106B A-53B A-106A A-53A A-53F
NPS Type: Seamless Seamless ERW Seamless ERW Furnace

Iy 41493 3801 3286 3080 2618 1746
Yy 3874 3320 2833 2657 2258 1505

1 3495 2996 2556 2397 2037 1358
1Y, 3073 26354 2248 2107 1792 1194
1o REFR) 2472 2110 1978 1681 1121
0 2625 2250 1920 1800 1530 1020
21y 2571 2204 1832 1764 1499 1000
3 2400 2067 1756 16:45 1399 9352
4 2019 1896 1618 1517 1289 859
) 2076 1780 1518 1423 1210 806
6 2105 1804 1540 1442 1226 317
R 1948 1669 1424 1336 1135 757

Minimum Piping Requirements for Clean Agent Systems

1. Limitations on piping to be used for clean agent sys-
tems (or any pressurized fluid) arve set by:

(a) Maximum pressure expected within the pipe:

(b)y Material of construction of the pipe, tensile
strength of the material, vield strength of the material, and
temperature limitations of the material,

(¢) Joining methods, e.g., threaded, welded,
grooved, etc.;

(d) Pipe construction method, e.g., seamless, ERW
(electric resistance welded), furnace welded, etc.;

(e) Pipe diameter; and

()  Wall thickness of the pipe.

2. The calculations are based on the following:

(a) 'The minimum calculated pressure is 620 psi (4275
kPa) for systems using an initial charging pressure up to and
including 360 psi (2482 kPa); 2,250 psi (15 514 kPa) for
HFC-23 systems; and for 1G-541 systems, 2,575 psi (17 755
kPa) for piping upstream of the pressure reducer and 1000 psi
(6895 kPa) for piping downstream of the pressure reducer;

(b) The calculations contained herein apply only to steel
pipe conforming to ASTM A-53 or ASTM A-106, and cop-
per tubing conforming to ASTM B-88;

(¢) The calculations cover threaded, welded, and
grooved joints for steel pipe; and compression fittings for
copper tubing; and

(d) Other materials, such as stainless steel pipe or tubings,
may be used provided that the appropriate SE values, wall
thicknesses, and end connection factors are substituted.

3. The basic equation to determine the minimum wall
thickness for piping under internal pressure is:

t = [PD/2SE] + A

where:
t = required wall thickness (inches)
D = outside pipe diameter (inches)
P = maximum allowable pressure (psi)

SE = maximum allowable stress [including joint efh-
ciency] (psi)

A = allowance for threading, grooving, etc. (inches).
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Piping with Rolled Groove or Welded Connections
Maximum Allowable Pressure

Schedule 40 Steel Pipe

A-53B A-53A
Grade: A-106C A-106B A-53B A-106A A-53A A-53F
NPS Type: Seamless Seamless ERW Seamless ERW Furnace
Iy 5450 4672 3986 3737 3176 2118
Yy 4520 3875 3306 3100 2634 1757
I 4248 3641 3107 2912 2475 1650
1y 3542 3036 2691 2429 2064 1376
1 3205 2747 2344 2197 1868 1246
2 2723 2334 1992 1867 1588 1058
21y 2965 2542 2168 2033 1728 1152
3 2592 2221 1896 1777 1511 1007
4 2212 1896 1618 1516 1289 854
5 1948 1669 1424 1336 1135 757
6 1775 1522 1298 1217 1034 690
8 1568 1344 1147 1075 914 604
Schedule 80 Steel Pipe
A-53B A-53A
Grade: A-106C A-106B A-53B A-106A A-53A A-53F
NPS Type: Seamless Seamless ERW Seamless ERW Furnace
17 7350 6300 5376 H040 4284 28H6
¥y 6160 5280 4506 4224 35490 2391
I 5717 4900 4182 3920 3332 2221
1y 4833 4142 3535 3314 2816 1878
IR 4421 3789 3234 3032 2576 1718
2 KL 3304 2820 26 14 2244 1408
20 4032 3456 2049 2765 2350 1567
3 3600 3086 2633 2469 2098 1339
4 RIER 2696 2301 2157 1834 1223
5 2831 2427 2071 1941 1650 1100
6 2739 2347 2003 1878 1596 1064
8 2435 2087 1781 1670 1420 6

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

A = zero for joints in copper tubing using compression
fittings.

The term SE is defined as ¥y of the tensile strength of

the piping material or %y of the vield strength (whichever
is lower) multiplied by a joint efficiency factor.

Joint ethciency factors are:

1.0 for seamless

0.85 for ERW (clectric resistance welded)

0.60 for furnace butt weld (continuous weld) (Class F),

4. The basic equation can be rewritten to solve for P so
as to determine the maximum allowable pressure for which
a pipe having a nominal wall thickness, t, can be used:

P = 28FK (t — AYD

as required by 2-2.1.1 of this standard.
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For systems having a charging pressure up to and
including 360 psi (2482 kPa), the calculated pressuve, P,
must be equal to or greater than 620 psi (4275 kPa).

For HFC-23 systems, the calculated pressure, Py must be
equal to or greater than 2250 psi (156 514 kPa).

For 1G-H41 systems, the calculated pressure, P must he
equal to or greater than:

2575 psi (17 755 kPa) for piping upstream of the pres-
sure reducer.

1000 psi (6895 kPa) for piping downstream of the pres-
sure reducer.

These pressure values are based on a maximum agent
storage temperature of 130°F (55°C),

5. If higher storage temperatures are approved for
a given system, the internal pressure should be adjusted
to the maximum internal pressure at maximum tempera-
ture. In performing this calculation, all joint factors and
threading, grooving. or welding allowances should be
taken into account.
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6. The following list gives values for SE as taken from
Appendix A of ASME B31, Code for Pressure Piping. ldenti-
cal values are given in ASME B31.1, Power Piping Code, and
ASME/ANSI 31.9, Building Sevvices Piping Code.

SE Value
17500 psi
15000 psi
15000 psi
12000 psi
12000 psi
12800 psi
10200 psi
6800 psi
5100 psi
9000 psi

Grade € Seamless Pipe

Grade B Scamless Pipe

Grade B Seamless Pipe

Grade A Seamless Pipe

Grade A Seamless Pipe

Grade B ERW Pipe

Grade A ERW Pipe

Grade F Furnace Welded Pipe
Seamless Copper Tubing (Anncaled)
Seamless Copper Tubing (Drawn)
1 psi = 6.895 kPa.

ASTM A-106
ASTM A-53
ASTM A-106
ASTM A-53
ASTM A-106
ASTM A-53
ASTM A-BS
ASTM A-53
ASTM B-88
ASTM B-88
For ST Units:

7. Paragraph 102.2.4B) of ASME B31.1, Power Piping
Code, allows the maximum allowable stress (SE) to be exceeded
by 20 percent if the duration of the pressure (or temperature)
increase is limited to less than 1 percent of any 24-hour period.
Since the clean agent piping 1s normally unpressurized, the sys-
tem discharge period satishies this criteria. Therefore, the pip-

ing calculations set out in this paragraph ave based on values of

SE that are 20 percent greater than those outlined above in
Paragraph 6 (per Appendix A of ASME B31.1, Power Piping
Code). The specific values for maximum allowable stress used in
these calculations are as follows:

Grade C Scamless Pipe
Grade B Scamless Pipe
Grade B Seamless Pipe
Grade A Seamless Pipe
Grade A Scamless Pipe
Grade B Scamless Pipe

Grade A ERW Pipe

Grade F Furnace Welded Pipe
Seamiess Copper Tubing (Annealed)
Scamless Copper Tubing (Drawn)

| psi = 6.895 kPa.

For SI Units:

NOTE I:

ASTM A-106
ASTM A-B3
ASTM A-106
ASTM A-53
ASTM A-106
ASTM A-H3
ASTM A-B3
ASTM A-53
ASTM B-88
ASTM B-88

SE Value

21000 psi
18000 psi
1RO00 psi
14400 psi
14400 psi
15360 psi
12240 psi

8160 psi
6120 psi
10800 psi

When using rolled groove connections or welded

connections with internal projections (backup rings, etc.), the
hydraulic calculasions should consider these factors.

NOTE 2:

Pipe supplied as dual stenciled A-120/A-53 Class

F mecets the requirements of Class F furnace welded pipe

ASTM A-53 as listed above. Ordinary cast-iron pipe, steel
pipe conforming to ASTM A-120, or nonmetallic pipe
should not be used.

NOTE 3: All grooved couplings/fittings should be listed/
approved for use with clean agent extinguishing systems.

NOTE 4:

discharge exceeding 144 min.

NOTE b:

The above calculations do not apply to extended

For compression or flare-type tubing fittings,

the maximum allowable working pressure specified by the
fitting manufacturer should be used.

Minimum Piping Requirements

Clean Agent Systems — with Charging Pressures up to and Including 360 psi (2482 kPa)

Steel Pipe—Threaded Connections
ASTM A-106 Seamless, Grade C
ASTM A-T106/A-53 Seamless, Grade B
ASTM A-106:A-53 Seamless, Grade A
ASTM A-53 ERW Grade B

ASTM A-53 ERW Grade A

ASTM A-53 Furnace Weld Class ¥

Steel Pipe—Welded or Rolled Groove Connections
ASTM A-106 Scamless, Grade C

ASTM A-106/A-53 Scamless, Grade B

ASTM A-106/A-53 Scamless, Grade A

ASTM A-53 ERW Grade B

ASTM A-33 ERW Grade A

ASTM A-53 Furnace Weld Class F

Steel Pipe—Cut Groove Connections
ASTM A-106 Seamless, Grade €
ASTM A-106/A-53 Seamless, Grade B
ASTM A-106/A-53 Seamless, Grade A
ASTM A-53 ERW Grade B

ASTM A-53 ERW Grade A

ASTM A-53 Furnace Weld Class F

Copper Tubing—Compression Fittings
ASTM B-88 Scamless, Drawn

ASTM B-88 Scamless, Drawn

ASTM B-88 Seamless, Drawn

ASTM B-88 Seamless, Anncaled
ASTM B-88 Scamless, Annealed

ASTM B-88 Scamless, Annealed

Schedule 40—V in. thru 8 in. NPS
Schedule 40—V in. thru 8 in. NPS
Schedule 40—y in. thru 8 in. NPS
Schedule 40—VYy in. thru 8 in. NPS
Schedule 40—V in. thru 8 in. NPS

Schedule 40—Yy in. thru 1Ye in. NPS
Schedule 80—2 in. thru 8 in. NPS
Schedule 40—V in. thru 8 in. NPS
Schedule 40—y in. thru 8 in. NPS
Schedule 40—V in. thru 8 in. NPS

Schedule 40—Vy in. thru 8 in. NPS
Schedule 10—Y5 in. thru 8 in. NPS
Schedule 40—"Vg in. thru 6 in. NPS

Schedule

80—8 in. NPS

Schedule 40—Yx in. thru 8 in. NPS
Schedule 40—VYg in. thru 8 in. NPS
Schedule 40—Vg in. thru 8 in. NPS
Schedule 40—V in. thru 8 in. NPS
Schedule 40—Vy in. thru 5 in. NPS
Schedule R0—6 in. thru 8 in. NPS
Schedule 40—1Y5 in. thru 3 in. NPS
Schedule 80—4 in. thru 8 in. NPS

Type K
Type L Y

¢ in. thru 8 in.
yin. thru 3 in.

Type M Yyin. thru 1Yo in.
Type K ¥y in. thru 1 in.
Type L Yy in. thru %y in.
Type M Vyin. ONLY
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Minimum Piping Requirements

1G-541 Systems — Upstream of Pressure Reducer

Steel Pipe—Threaded Connections
ASTM A-106 Seamless, Grade C

ASTM A-106/A53 Scamless Grade B
ASTM A-106/A53 Seamless Grade A
ASTM A-53 ERW Grade B

ASTM A-b3 ERW Grade A

ASTM A-53 Furnace Weld Class F

Steel Pipe—Welded
ASTM A-106 Seamless, Grade C

ASTM A-106/A-53 Seamless, Grade B
ASTM A-106/A-53 Seamless, Grade A
ASTM A-53 ERW Grade B

ASTM A-53 ERW Grade A

ASTM A-53 Furnace Weld Class F
Copper Tubing—Compression Fittings

ASTM B-88 Scamless, Drawn
ASTM B-88 Secamless, Annealed

Schedule 40—Vy in. thru Yo in. NPS
Schedule 80—%;4 in. thru 2V in. NPS
Schedule 40—DO NOT USE
Schedule 80—y thru 1Y4 NPS
Schedule 40—DO NOT USE
Schedule 80—y thru ¥y in. NPS
Schedule 40—-DO NOT USE
Schedule 80—V thru 1 in. NPS
Schedule 40—DO NOT USE
Schedule 80Vx in. thru Yo in. NPS
DO NOT USE

Schedule 40— Yy in. thru 3 in. NPS
Schedule 80 —4 in. thru 6 in. NPS
Schedule 40—y thru 1Ys in. NPS
Schedule 80—2 in. thru 4 in. NPS
Schedule 40—V thru 1 in. NPS
Schedule 80 1Y, thru 21 NPS
Schedule 40—y in. thru 1Y in. NPS
Schedule 80—1Vs in. thru 3 in. NPS
Schedule 40—Vy in. thru %3 NPS
Schedule 80—1 in. thru 1Y NPS
Schedule 40—DO NOT USE
Schedule 80—VYy in. thru Yo in.

Type K, L., M—DO NOT USE
Type K, L, M—DO NOT USE

Minimum Piping Requirement

I1G-541 Systems — Downstream of Pressure Reducer

Steel Pipe—Threaded Connections
ASTM A-106 Seamless, Grade C
ASTM A-106/A-53 Seamless, Grade B

ASTM A-106/A-73 Seamless, Grade A
ASTM A-53 ERW Grade B
ASTM A-53 ERW Grade A

ASTM A-53 Furnace Weld Class F

Steel Pipe—Welded

ASTM A-106 Seamless, Grade C
ASTM A-106/A-53 Seamless, Grade B
ASTM A-106/A-53 Seamless, Grade A
ASTM A-53 ERW Grade B

ASTM A-53 ERW Grade A

ASTM A-53 Furnace Weld Class F

Copper Tubing—Compression Fittings
ASTM B-88 Seamless, Drawn

ASTM B-88 Seamless, Drawn

ASTM B-8Y Seamless, Drawn

ASTM B-88 Scamless, Annealed
ASTM B-88 Seamless, Annealed
ASTM B-88 Scamless, Annealed

Schedule 40—V in. thru 8 in. NPS
Schedule 40—VYy in. thru 5 in. NPS
Schedule 80—6 in. thru 8 in. NPS
Schedule 40—Yy in. thru 2Vs in. NPS
Schedule 30—3 in. thru 8 in. NPS
Schedule 40—V in. thru 3 in. NPS
Schedule 30—+ in. thru 8 in. NPS
Schedule 40—VYyg in. thru 1Yy in. NPS
Schedule 80—1Ya in. thru 8 in. NPS
Schedule 40—1V5 in. thru Y» in. NPS
Schedule 80—%4 in. thru 2%y . NPS
Schedule 120—3 in. thru 8 in. NPS

Schedule 40—VYy in. thru 8 in. NPS
Schedule 40—Y4 in. thru 8 in. NPS
Schedule 40—"Vy in. thru 8 in. NPS
Schedule 40— in. thru & in. NPS
Schedule 40—VYy in. thru 6 in. NPS
Schedule 80—8 in. NPS

Schedule 40—VYy in. thru 3 in. NPS
Schedule 80—+ in. thru 6 in. NPS
Schedule 120—8 in. NPS

Type K Yy in. thru 1V in.
Type L ¥y in. thru ¥ in.
Type M Yy in. thru Yy in.
Type K Yy in. thru ¥y in.
Type L. DO NOT USE
Type M DO NOT USE




APPENDIN A

2001-35

A-2-2.3.1 Fittings that arce acceptable for use in clean
agent systems include the following:

(a) Fittings for clean agent svstems having a charging
pressure up to and m(lu(hn;_, 360 psig (2482 kPa) at 70°F
(21°C) should be, as a minimum:

Class 300 malleable or ductile iron fittings through 3 in.
NPS, and 1000-1b rated ductile iron or forged steel fittings
in all larger sizes. Flanged joints should be Class 300.

(b) Fittings for HFC-23 systems should be. as a minimum:

Class 300 malleable or ductile iron fittings through 2 in.
NPSand forged steel fittings in all larger sizes. Flanged
Jomnts upstream of any stop valves should be Class 600, and
those downstream of any stop valves or in svstems with no
stop valves should be Class 300.

() Ilmngx for 1G-541 systems having a charging pres-
sure of 2,175 psig (14 997 k]’(x) at 70°F (21°C) should be, as
a4 minimum:

Upstream of the pressure reducer: 2000-1b Class
forged steel, in all sizes.

Downstream of the pressure reducer:  Class 300 mal-
leable or ductile iron fttings through 3 in. NPS, and
1000-1b rated ductile iron or forged steel fittings in all
larger sizes. Flanged joints should be Class 600,

The materials itemized above do not preclude the use of

other materials and type and style of fittings that satisfy the
requirements of 2-2.3.1.

() Pressurc-temperature ratings have been established
for certain types of fittings. A list of ANSI standards covering
the different tvpes of fittings is given in Table 126.1 of ASME
B31.1, Power Piping Code. Where fittings not covered by one

of these standards are used. the design recommendations of

the manufacturer of the fittings should not be exceeded.

A-2-2.4.2 Some of the new clean agents may not be com-
patible with the elastomers used in Halon 1301 system

valves. Before charging a system container with some of

the clean agents. it may be necessary to disassemble the
discharge valve and completely replace the o-rings and
other sealing surfaces with components that will not react
to that agent. Make certain that this evaluation has been
completed. Also make certain that the change results in the
valve, container. and system complying with the appropri-
ate listings or approvals.

A-2-3.2.1 The detection system selection process should
cvaluate the ambient environmental condition in deter-
mining the appropriate device and sensitivity in order to
prevent unwanted discharges while sall providing the nec-
essary earliest actuation. In high air flow environments, air
sampling detection devices should be considered.

A-2-3.5.3 A telephone should be located near the abort
switch.

A-2-3.6 Accidental discharge mav be a significant factor
in unwanted clean agent emissions. Equipment lockout or
service disconnects can be instrumental in preventing false
discharges when the cean agent system is being tested or
serviced. In addition, servicing of air conditioning systenns
with the release of refrigerant acrosols, soldering, or turn-
ing clectric plenum heaters on for the first time after along
period of idleness may trip the clean agent system. Where

used, an equipment service disconnect switch should be of

the keved-access type if” external of the control panel or
may be of the toggle type if within the locked control
pancl. Either tvpe should annunciate at the panel when in
the out-of-service mode. Written procedures should be
established for taking the clean agent system out of service.,

A-3-2.1 Itis the intent of the committee to provide within
this standard a generic, open, and consensus-based
method for pertorming system {low calculations. As of puh-
lication date, no method was available.

Phenomenologically, the discharge and pipe flows of
these agents are similar to that of Halon 1301, Some of
these agents will exhibit two phase-two component flows. Tt
is possible that these cean agent compounds will yield
more simply to model flow behavior due primarily to
higher hoiling points. These flow phenomena are, in gen-
eral, extremely complex and difficult to predict; however,
several computer schemes have been developed for the dis-
charge of Halon 1301 and could be modified for use with
these replacements. Notable among these computer
schemes are the Jet Propulsion Laboratories HFLOW
(simplified Halon 1301 algorithm) and their modifications
of Los Alamos National Laboratories” SOLA-LOOP pro-
gram (finite difference, drift flux algorithm) (DiNenno,
P.J., Forssell, K. et al., 1989, 1990: Elliot. D.G. et al., 1984;
Hirt et al., 1976). Previous work by DiNenno and Budnick
(1988) identifiecd 15 general purpose two-phase flow
calculation schemes and identified SOLA-LOOP as the
most promising {or the type of compounds and flow condi-
tions encountered in fire suppression systems. Experi-
mental agreement on relatively simple piping networks
was excellent.

A-3-3.4 Examples of ventilation systems necessary to
ensure safety include cooling of vital equipment required
for process safety and ventilation systems required for con-
tainment of hazardous materials,

A-3-4.2.1 Inerting Concentrations. This appendix sec-
tion provides a summary of a method of evaluating inert-
ing concentration of a fire extinguishing vapor.

One characteristic of halons and replacement agents is
frequently referred to as the inerting, or inhibiting, con-
centration. Related to this, flammability diagram data (Dal-
zell, W., 1975 and Coll, J.P_, 1976) on ternary systems was
published in NFPA 127, Standard on Halon 1301 Foe Extin-

gunhing Systems. The procedures used previously have been

used more recently to evaluate merting concentrations of
halons and replacement chemicals against various fuel-air
systems. Dilferences between the carlier studies and the
recent work are that the test vessel volume used was 7.9 L
vs 5.6 L previously: the igniter tvpe was the same, Le. car-
bon rod corona discharge spark. but the capacitor stored
energy levels were higher, approximately 68 Jvs 6 or 11 ]
on the earlier work. The basic procedure, emploving a gap
spark, has been adopted to develop additional data.
Ternary fuel-air agent mixtures were prepared at a test
pressure of 1 atmosphere and at room temperature in a
7.9-1. spherical test vessel by the partial pressure method.
The vessel was fitted with inlet and vent ports, a thermo-
couple, and a pressure transducer. The test vessel was first
evacuated. Agent was then admitted, and if a liquid, suffi-
cient time was allowed for evaporation to occur. Fuel vapor
and finally aiv were admitted, raising the vessel pressure to
I atmosphere. An internal flapper allowed the mixtures to
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be agitated by rocking the vessel back and forth. The pres-
sure transducer was connected to a suitable recording
device to measure pressure rise that may occur on actua-
tion of the igniter.

The igniter employed consisted of a bundle of four
graphite rods ("H” pencil leads) held together by two wire
or metal brand wraps on either end of the bundle leaving
a gap between the wraps of about 3 mm. The igniter was
wired in series with two 525 mF 450-volt capacitors. The
capacitors were charged to a potential of 720 to 730 VDC.
The stored energy was, theretore, 68 to 70 J. The nominal
resistance of the rod assemble was about 1 ohm. On switch
closure the capacitor discharge current resulted in ioniza-
tion at the graphite rod surface. A corona spark jumped
across the connector gap. The spark energy content was
taken as the stored capacitor energy though, in principle,
it must be somewhat less than this amount due to line resis-
tance losses.

‘The pressure rise, if any, resulting from ignition of the
test mixture was recorded. The interior of the test vessel
was wiped clean with a cloth damp with either water or a
solvent between tests to avoid buildup of decomposition
residues that might influence the results.

The definition of the flammable boundary was taken as
that composition that just produces a pressure rise of 0.07
times the initial pressure, or 1 psi when the initial pressure
is 1 atmosphere. Tests were conducted at fixed fuel-air
ratios and varying amounts of agent vapor until conditions
were found to give rise to pressure increases that bracket
0.07 times the initial pressure. Tests were conducted at
several fuel-air ratios to establish that condition requiring
the highest agent vapor concentration to inert.

Data obtained on several chemicals that may serve as fire
protection agents are given below.

Table A-3-4.2.1 Inerting Concentrations for Various Agents

Vol % Inerting

Fuel Agent Concentration Reference
i-Butane H-1301 6.7 Senccal
HFC-227¢a 11.3 Senecal
HBFC-22B1 11.3 Senecal
Mecthane HF(C-23 20.2 Senecal
HFC-125 14.7 Senecal

1G-541 43.0 Tamanini
Propane H-1301 7.7 Senecal
H-1301 6.0 Senecal
HF(C-23 20,2 Senecal
HF(C-125 15.7 Senecal
HBFC-22B1 11.7 Senecal

1G-541 49.0 Tamanini
FC-3-1-10 10.3 Senecal
FC-5114 7.3 Senecal

A-3-4.2.2 Flame Extinguishing Concentrations. This
appendix section provides a summary of the cup burner
method for determining extinguishing concentrations.
One apparatus, shown schematically in Figure A-3-4.2.2,
consists of an 8.5-cm 1.D. by 53-cm tall outer chimney
through which air is passed at 40 L/min from a glass bead
distributor at its base, and an inner fuel cup burner with a
3.1-cm O.D. and a 2.15-cm 1.D. positioned 30.5-cm below
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Figure A-3-4.2.1 Spherical test vessel.

the top edge of the outer chimney. Extinguishing agent is
added to the air stream prior to entering the glass head
distributor. The air flow rate is maintained at 40 L/min for
all trials. Air and agent flow rates are measured using cali-
brated rotameters.

Each trial is conducted by adjusting the extended fuel
reservoir (see Figure A-3-4.2.2) to bring the liquid level in
the cup burner to just even with the base of a ground glass
lip on the burner cup. With the air flow maintained at 40
L/min. the fuel in the cup burner is ignited. Agent is grad-
ually added to the air stream until the flame is extin-
guished. The agent rotameter reading is then recorded.

Several extinguishing trials are conducted with cach
agent-fuel combination to ensure that repeatability is
obtained.

The extinguishment concentration is computed as follows:

¥
Ext. Conc. =———  x 100%

F, + F,

where F; = Agent flow rate, L/min

F, = Air flow rate, I/min.

The average of the several values of agent flow rate at
extinguishment is used in the above calculation.

A number of investigators using different test methods
and procedures have published flame extinguishing data.
Reported cup burner flame extinguishing concentrations
often vary between investigators, and variations in equip-
ment and techniques exist. Despite this, however, agree-
ment between different laboratories is relatively good.
Table A-3-4.2.2 presents cup burner flame extinguishing
concentrations for halocarbon agents in this standard from
various investigators.

A-3-4.2.2.3 Deep-scated fires involving Class A fuels may
require substantially higher design concentrations and
extended holding times than the design concentrations
and holding times required for surface-type fires involving
Class A fuels.
A-3-5.1 Total Flooding Quantity. The amount of clean
agent required to develop a given concentration will be
greater than the final amount of agent in the same enclosure.
In most cases, the clean agent must be applied in a man-
ner that promotes progressive mixing of the atmosphere.
As the clean agent 1s injected, the displaced atmosphere is
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Table A-3-4.2.2 Cup-Burner Heptane Flame Extinguishing Data

Investigator Agent

FC-3-1-10 HFC-124 HFC 227ea HBFC 22B1 HFC 23 HFC 125 1G-541 Halon 1301
NRL 5.2 e 6.6 4.1 12 9 — 3.1
M 5.9 - — — — — — 3.9
NMERI 5.0 e 6.3 4.4 12.6 9.4 — 2.9
Fenwal 5.5 6.4 5.8 3.9 12 8.1 — 3
GLCC — — 5.9 3.9 12.7 — — 3.5
Ansul — — — — — — 29.1 —
NOTES:

(a) Add the tollowing Designations:  NRL - Naval Research Laboratory, NMERI - New Mexico Fnginecring Research Institute, GLCC - Great Lakes Chem-

wal Company.
(b) Vapor pressure at 77°F (25°C).
(¢} Extinguishing concentration by cup burner test.

(d) The extinguishing concentration of 7.2¢% for HCFC Blend A has been obtained by UL Canada.

Flame

Fuel

PT

Glass Beads

Figure A-3-4.2.2 Cup burner apparatus.

exhausted freely from the enclosure through small open-
ings or through special vents. Some clean agent is there-
fore lost with the vented atmosphere, and the higher the
concentration, the greater the loss of clean agent.

For the purposes of this standard, it is assumed that the
clean agent/air mixture lost in this manner contains the
final design concentration of the clean agent. This repre-
sents the worst case from a theoretical standpoint and pro-
vides a built-in safety factor to compensate for non-ideal
discharge arrangements.

A-3-5.2 The volume of inert gas clean agent required to
develop a given concentration will be greater than the final
volume remaining in the same enclosure.

In most cases the inert gas clean agent must be applied
in a manner that promotes progressive mixing of the atmo-
sphere. As the clean agent is injected, the displaced atmo-
sphere is exhausted freely from the enclosure through
small openings or through special vents. Some inert gas
clean agent is therefore lost with the vented atmosphere.
This loss becomes greater at high concentrations. This
method of application is called “free efflux™ flooding.

Under the above conditions the volume of inert gas
clean agent required to develop a given concentration in
the atmosphere is expressed by the following equations:

100
T S —
100 — % IG
or
100
X = 2303 Log)) ———r
s 03 Logn =7 Te
Where: % IG = Volume % of inert gas

X = Volume of inert gas added per vol-
ume of space.

A-3-6 Some areas affected by pressures other than sea
level would include hyperbaric enclosures, facilities where
ventilation fans are used to create artificially higher or
lower pressures such as test chambers, and facilities at alti-
tudes above or below sea level. Although mines are usually
below normal ground levels, they occasionally have to be
ventilated so that personnel can work in that environment.
Ambient pressures in that situation can be considerably dif-
ferent from those expected by a pure altitude correction.

Although adjustments are required for barometric pres-
sures equivalent to 3000 ft (915 m) or more above or below
sea level, adjustments can be made for any ambient pres-
sure condition.

The atmospheric correction factor is not linear. How-
ever, in the moderate range discussed it can be closely
approximated with two lines:

For —3000 ft to 5500 ft of equivalent altitude:

Y = (-0.000036 * X) + 1

For 5501 ft to 10000 ft of equivalent altitude:

Y = (—0.00003 * X) + 0.96

Where:

Y = Correction Factor

X = Altitude (ft).

For SI Units: 1 ft = 0.305 m.
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A-3-8.1.2 Discharge Time. The optimum discharge time is a
{unction of many variables. Four variables are very important:
(a) Limitation of decomposition products;
(h) Limitation of fire damage and its eftects:
(¢) Enhanced agent mixing:
() Limitation of compartment overpressure; and
(e) Secondary nozzle flow effects.

The halogenated hydrocarbon fire extinguishing agents
described in this standard will break down into their
decomposition products as they are exposed to a five. It is
essential that the end user understand this process as the
sclection of the discharge time, and other design factors,
will be impacted by the amount of decomposition products
the protected hazard can tolerate.

The quantity of decomposition products generated for a
particular agent is proportional to the size of the fire, the
actual agent concentration, and the speed at which the
extinguishing concentration is applied to the fire. The
larger the {lame size. the greater the quantity of decompo-
sition products that would be expected. Likewise, the
decomposition products will be greater if the agent dis-
charges slowly. This is due to the fact that it takes longer
for the minimum extinguishing concentration to be
achieved. Until it s achieved, the flame will continue to
decompose agent rather than be suppressed. Additionally,
studies by Ferreira et al (1992) demonstrated a 50 percent
reduction in decomposition products when cup burner
plus 20 percent concentrations of FC-3-1-10 were used in
a comparison to cup burner concentrations only.

This decomposition issuce is not unique to these agents.
Halon 1301 decomposed into limited quantities of HBr
and HF. In a properly designed Halon 1301 system, the
quantity of these products would be very small and of little
consequence to the end user. After decades of experience,
the quantity of deu)mpmllmn products generated as
Halon 1301 suppressed a fire was not known to have
caused any damage.

The agents described in this standard also will decom-
pose into various chemicals. The most common decompo-
siion product is HF. HF can be a verv hazardous sub-
stance. Therefore, the system designer should make every
effort to limit the generation of HF to the least possible
amount. This is especially critical in areas where people or
sensitive equipment might be present.

People would be aware of excessive HF in an area as it gen-
erates a very objectionable odor. Excessive HI can be damag-
ing to sensitive cquipment as it can mix with the water vapor in
the air to form diluted hydroftuoric acids that can cause corro-
sion and accelerated aging of contact points.

Limited data on decomposition product formation indi-
cate that the quantity of decomposition products formed is
driven by the size of the fire at the time of discharge and,
to a lesser extent, the discharge time. There 1s insufticient
data to quantfy the relationship between discharge time or
fire size and the quantity of decomposition products pro-
duced. All nonbrominated clean agents produce more
decomposition products than Halon 1301,

Ferreira, et. al. (1992) report that doubling the dis-
charge time from 5 to 10 seconds resulted in a 30 to 50
percent increase in the quantity of decomposition products
formed for FC-3-1-10; increasing the fire size by a factor of
13 (from 0.087 1o 1.17 sq ft of fuel surface area per 1000
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cu ft of enclosure volume) resulted in an 11-fold increase in
decomposition products. Robin (1992) reported similar
results for decomposition products as a function of fire
size; increasing the fire size by a factor of 10 (from 0.06 to
0.60 sq ft of tuel surtace area per 1000 cu ft of enclosure
volume) resulted in a 20-fold increase in decomposition
products for HFC-227ea, a 16-fold increase for Halon
1301, and a 5- t()l(l increase for HBFC-22B1. More
recently, Ferreira, et. al. (1992b) report comparable levels
of (lunmpnsmon pm(lu(ls for FC-3-1-10 and HF(C-227ea
under various test conditions.

HF formation can be himited by using the shortest dis-
charge time feasible and employing detection means that
allow sensing the fire event in its earliest stages. Where
damage from potential HF formation may be an issue, the
installation of more sensitive detection systems may be con-
sidered. Utihizing detection devices at spacing closer than
their maximum rating mav be necessary.

Once the determination has been made that there is a
fire and it is time to discharge. a faster discharge will pro-
duce less decomposition products. A balance must be
struck hetween discharge time and the pressure rise in the
protected area. The overpressure may be reduced by uti-
lizing more nozzles or through the use of devices that pro-
tect the area from the force of the discharge. Increasing
the number of nozzles may reduce the degree of turbu-
lence and local overpressure effects. The designer should
balance the requirements for quick discharge, limiting the
disruption of protected area, with the manufacturer’s rec-
ommendations on flow rates.

Some agents, such as inert gases. will not form decom-
position products and hence do not require discharge time
limitations on this basis. However, the increased combus-
tion products and oxygen level reduction associated with
longer discharge times should be considered.

Agent mass flow rates must be sufficiently high to cause
adequate agent mixing and distribution in the compart-
ment. In general, this parameter is determined by the list-
ing of system hardware.

Overpressurization of the protected compartment
should also be considered in determining minimum dis-
charge time.

Other secondary flow effects on personnel and equipment
include formation of missiles caused by very high discharge
velocities, higher noise levels, lifting ceiling panels, etc. These
increase it the maximum discharge time is set too low.

The maximum 10-scc discharge time given in this stan-
dard reflects a reasonable value based on experience with
Halon 1301 systems. The maximum and minimum dis-
charge time should reflect consideration of the factors
described above.

For inert gases, the measured discharge time is consid-
eved to be the time when the measuring device starts to
record reduction of oxygen until the design oxygen reduc-
tion level is achieved.

A-3-8.2  Special consideration should be given to safety and
health issues when considering extended discharge systems.

A-4-2.2 Visual Inspection.

CAUTION: These guidelines apply only to the external
inspection of containers continuously in service in the fire
extinguishing svstem, and should not be confused with the
DOT retest requirements for visual inspection described in
CFR49. Section 173.34 (e) (10).
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Containers continuously in service without discharging
should be given a complete external imspection every five
vears, or more frequently if required. The external visual
inspection should be performed in accordance with guide-
lines described in Section 3 of the Compressed Gas Associ-
ation, Inc. (CGA) pamphlet C-6 tded Standard for Visual
Inspection of Compressed Gas Cylinders (Steel).

For this external inspection the containers should not be
cemptied or stamped while under pressure. Some of the
inspection requirements specified in Section 3 of CGA pam-
phlet C-6 may not apply where it requires internal inspection,
emptying the cylinder, or measuring tare weight.

Proper record keeping is an important part of every
inspection. The inspector should be guided by the follow-
ing outline to ensure that the minimum information is
recorded:

(@) Record Tug. A record tag should be attached to
every container being inspected for future reference. The
record tag should be marked with date of inspection
(month/year), name of individual(s) and company perform-

ing the inspection, container serial number, condition of

the container (e.g., paint, corrosion, dents, gouges, etc.),
and disposition.

(b) Inspection Report. A suitable inspection form should
be provided on which at least the following information
should be recorded:  date of inspection (month/year),
name of individual(s) and company performing the inspec-
tion, DOT specification number, container serial number,
date of manufacture, date of previous inspection and/or
test, type of protective coating, surface condition (corro-
sion, dents, gouges, fire damage, ctc.), disposition (satistac-
tory, repaint, repair, scrap, etc.).

A sample of a suitable Inspection Report Form is shown
in Appendix A of CGA pamphlet C-6.

A copy of the completed inspection report should be
given to the owner or the owner's authorized representa-
tive with instructions to retain as a permanent record.

A-4-5.3 The method of sealing should not introduce any
new hazards.

A-4-6.2 Training should cover the following:

(a) Health and safety hazards associated with exposure
to extinguishing agent caused by inadvertent system dis-
charge.

(b) Difficulty in escaping spaces with inward swinging
doors that are overpressurized due to an inadvertent sys-
tem discharge.

(¢} Possible obscuration of vision during system dis-
charge.

(d) Need to block open doors at all times during main-
tenance activities.

(e) Necd to verify a clear escape path exists to compart-
ment access.

() A review of how the system could be accidentally dis-
charged during maintenance, including actions required
by rescue personnel should accidental discharge occur.

A-4-7.2.2.13 Piping Network Flow Test. The purpose is
to conduct a flow test of short duration (also known as a
“puff test™) through the piping network to determine that
(1) the flow is continuous, (2) check valves are properly
oriented, and (3) the piping and nozzles are unobstructed.

The flow test should be performed using gaseous nitro-
gen at a pressure not to exceed the normal operating pres-
sure of the clean agent system.

The nitrogen pressure should be introduced into the
piping network at the clean agent cylinder connection. The
quantity of mtrogen used for this test should be sufficient
to verify that each and every nozzle is unobstructed.

Visual indicators should be used to verify that nitrogen
has discharged out of cach and every nozzle in the system.

A-4-7.2.3 Enclosure Integrity Testing. If the authority
having jurisdiction wants to quantify the enclosure’s leak-
age and predicted retention time, Appendix B of NFPA
12A, Standard on Halon 1301 Five Extinguishing Systems, may
be used. Adjustment to the existing formulas must be made
to account for differences in gas density between Halon
1301 and the proposed alternate extinguishing agent. Spe-
cifically, Equation 8 in paragraph B-2.7.1.4 of NFPA 127
must be modified hy substituting the alternate agent's gas
density (in kg/m:‘) for the existing value of 6,283, which 1s
the value for Halon 1301, Sce Appendix B of this standard.

Appendix B Enclosure Integrity Procedure

This Appendix s not a part of the requarements of this NFPA document,
hut is included for informational purposes only.

B-1 Procedure Fundamentals.
B-1.1 Scope.

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

B-1.1.2  Enclosure integrity testing is not intended to ver-
ify other aspects of clean agent system reliability, i.c., hard-
ware operability, agent mixing, hvdraulic calculations, and
piping integrity.

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

B-1.1.4 This procedure should not be considered to he 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
leakage estimate that is very uscful for enclosures with com-
plex hidden leaks, but it will generally require more sealing
than is necessary to pass a discharge test.

B-1.2 Limitations and Assumptions.

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

B-1.2.1.1 Clean Agent System Design. This test proce-
dure concerns only halon total flooding fire suppression
systems using clean agent and designed, installed, and
maintained in accordance with this standard.
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B-1.2.1.2 Enclosure Construction. Clean agent pro-
tected enclosures, absent of any containing barriers above
the false ceiling, are not within the scope of this document.

B-1.2.1.3 Clean Agent Concentration. Special consider-
ation should be given to clean agent systems with concen-
trations greater than 10 percent where the concern exists
that high concentrations may result in significant overpres-
sures from the discharge event in an enclosure with mini-
mal leakage.

B-1.2.1.4 Enclosure Height. Special consideration
should be given to high enclosures where the static pres-
sure due to the clean agent column is higher than the pres-
sure possible to attain by means of the door fan.

B-1.2.1.5 Static Pressures. Where at all possible, static
pressure differentials (HVAC system, elevator connections,
etc.) across the enclosure envelope should be minimized
during the door fan test. The test can only be relied on for
enclosures having a range of static pressures outlined in
B-2-5.2.3.

B-1.2.2 Door Fan Measurements. The following should
be considered regarding the door fan and its associated
measurements:

B-1.2.2.1 Door Fan Standards. Guidance regarding fan
pressurization apparatus design, maintenance, and opera-
tion is provided by ASTM E779, Standard Test Method for
Determining Air Leakage Rate by Fan Pressurization, and CAN/
CGSB-149.10-M86, Determination of the Airtightness of Build-
ing Envelopes by the Fan Depressurization Method.

B-1.2.2.2 Attached Volumes. There can be no significant
attached volumes within or adjoining the enclosure enve-
lope that will allow detrimental halon leakage that would
not be measured by the door fan. Such an attached volume
would be significant if it is absent of any leakage except
into the design envelope and is large enough to adversely
affect the design concentration.

B-1.2.2.3 Return Path. All significant leaks must have an
unrestricted return path to the door fan.

B-1.2.2.4 Leak Location. The difficulty in determining
the specific leak location on the enclosure envelope bound-
aries 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 using B-2-6.2.
the value attained for BCLA is assumed to exist entirely at the
lowest point in the enclosure.

B-1.2.2.5 Technical Judgment. Enclosures with large
overhead leaks but no significant leaks in the floor slab and
walls will yield unrealistically short retention time predic-
tions. Experience has shown that enclosures of this type
may be capable of retaining clean agent for prolonged
periods. However, in such cases the authority having juris-
diction may waive the quantitative results in favor of a
detailed witnessed leak inspection of all floors and walls
with a door fan and smoke pencil.

B-1.2.3 Retention Calculations. The following should be
considered regarding the retention calculations and its
associated theory:
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B-1.2.3.1 Dynamic Discharge Pressures. Losses due to
the dynamic discharge pressures resulting from halon sys-
temn actuation are not specifically addressed.

B-1.2.3.2 Static Pressure. Variable external static pres-
sure differences (wind, etc.) are additive and should be
considered.

B-1.2.3.3 Temperature Differences. When temperature
differences exceeding 18°F (10°C) exist between the enclosure
under test and the other side of the door fan, special consid-
erations outlined in this document should be considered.

B-1.2.3.4 Floor Area. The floor area is assumed to be the
volume divided by the maximum height of the protected
enclosure.

B-1.2.3.5 Descending Interface. The enclosure integrity
procedure assumes a sharp interface. When a clean agent
is discharged, a uniform mixture occurs. As leakage takes
place, air enters the room. This procedure assumes that
the incoming air rides on top of the remaining mixture. In
reality, the interface usually spreads because of diffusion
and convection. These effects are not modeled because of
their complexity. Where a wide interface is present. the
descending interface is assumed to be the mid-point 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 may not be formed (see B-2-7.1.6).

B-1.2.3.6 Leak Flow Characteristics. All leak flow is one-
dimensional and does not take into account stream functions.

B-1.2.3.7 Leak Flow Direction. A particular leak area
does not have bidirectional flow at any point in time. Flow
through a leak area is either into or out of the enclosure.

B-1.2.3.8 Leak Discharge. The outflow from the leak dis-
charges into an infinitely large space.

B-1.2.3.9 Leak Locations. Calculations are based on
worst case clean agent leak locations.

B-1.2.3.10 Clean Agent Delivery. 'The calculations
assume that the design concentration of clean agent will be
achieved. If a suspended ceiling exists, it is assumned that
the clean agent discharge will not result in displacement of
the ceiling tiles. Increased confidence may be obtained if
ceiling tiles are clipped within 4 ft of the nozzles and all
perimeter tiles.

B-1.3 Definitions. For the purpose of Appendix B, the
following definitions are to apply.

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

Blower. The component of the door fan used to move air.

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

Column Pressure. The theoretical maximum positive
pressure created at the floor slab by the column of the
halon/air mixture.

Descending Interface. The enclosure integrity proce-
dure assumes a sharp interface. When clean agent is dis-
charged, a uniform mixture occurs. As leakage takes place,
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air enters the room. This procedurc assumes that the
incoming air rides on top of the remaining mixture. In
reality, the interface usually spreads because of diffusion

and convection. These effects are not modeled because of

their complexity. Where a wide interface is present, the
descending interface is assumed to be the mid-point of a
wide interface zone. Because of the conscervatism built into
the procedure, the effects of interface spreading can be
ignored. If continual mechanical mixing occurs, a descend-
ing interface may not be formed. See B-2-7.1.6.

Door Fan. The device used to pressurize or depressur-
1ze an enclosure envelope to determine its leakage charac-
teristics. Also called the fan pressurization apparatus.

Effective Floor Area. The volume divided by the max-
imum 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 enclo-
sure at a given pressure were to pass solely through it. For
the purposes of this document, the ELA is calculated at the
column pressure.

Fan Pressurization Apparatus. The device used to
pressurize or depressurize an enclosure envelope to deter-
mine 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 tan
used to measure the pressure difference across the blower

to give a value used in calculating the flow mmto or out of

the enclosure envelope.

Protected Enclosure. The volume protected by the
clean agent extinguishing system.

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

Minimum Protected Height. The minimum acceptable
height from the Hoor slab to which the descending inter-
face 1s allowed to fall during the retention time as specified
by the authority having jurisdiction.

Return Path. The path outside the enclosure envelope
that allows air to travel to/from the leak to/from the door fan.

Return Path Area. The effective flow area that the air
being moved by the door fan must travel through to com-
plete a return path back to the leak.

Room Pressure Gauge. The component of the door
fan used to measure the pressure differential across the
enclosure envelope.

Static Pressure Difference. The pressure differential
across the enclosure envelope not caused by the discharge
process or by the weight of the clean agent. A positive static
pressure difference indicates that the pressure inside the
enclosure is greater than on the outside, 1.e., smoke would
leave the enclosure at the enclosure boundary.

B-2 Test Procedure.

B-2.1 Preliminary Preparations. Contact the individu-
al(s) responsible for the protected enclosure and establish,
obtain, and provide the following preliminary information:

(a) Provide a description of the test,

(b) Advise the tme required,

(¢) Determine the staff’ needed (to control wraffic flow,
set HVAC, etc)),

(d) Determine the equipment required (e.g., ladders),

(e) Obtain a description of the HVAC system,

(f) Establish the existence of a false ceiling space and the
size of ceiling ules,

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

(h) Determine if conflict with other building trades will
occuar,

(1) Determine the size of doorways,

(1) Determine the existence of adequate return path
arca outside the enclosure envelope used to accept or sup-
ply the door fan air,

(k) Evaluate other conflicting activities in and around
space (e.g., interruption to the facility being tested).

(1) Obtain appropriate architectural HVAC and halon
system design documents.

B-2.2 Equipment Required. The following equipment
is required to test an enclosure using fun pressurization
technology.

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 the predicted column pressure or 10 Pa, which-
ever is greater.

B-2.2.1.2 'T'he fan should have a variable speed control 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 airflow measurement should be
+5 percent of the measured flow rate.

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 divisions of 2 Pa
or less. Inclined oil-filled manometers are considered to be
traccable to a primary standard and need not be cali-
brated. All other pressure-measurement apparatus (e.g..
clectronic transducer or magnehelic) should be calibrated
at least vearly.
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B-2.2.1.6 Door fan systems should be checked for calibra-
tion every 5 vears under controlled conditions, and a cer-
tificate should be available for inspection at all integrity
tests. The calibration should be performed according to
manufacturer’s specifications.

The certificate should include the following:

() Description of calibration facility and responsible
technician.

(b) Date of calibration and serial number of door tan.

() Room pressure gauge errvor estimates at 8, 10, 12,
15, 20, and 40 Pa mecasured by both ascending and
descending pressures (minimum).

(d) Fan calibration at a minimum of 3 leakage areas
(approximate): 0.5, 0.25, and 0.05 sq m measured at a
pressure of 10 Pa.

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

B-2.2.2 Accessories. The following equipment is also
usctul:

(a) Smoke pencil, fully charged (see Caution),

CAUTION: Use of chemically generated smoke as a
means of leak detection may result in activation of building
or halon system smoke detectors. Appropriate precantions
should be taken. Due to corrvosive nature of the smoke, it
should be used sparingly.

(h) Bright light source,

(¢) Floor tile lifter,

(d) Measuring tape,

(e) Masking or duct tape,

(B Test forms,

() Mult-tip screwdrivers,

(h) Shop knife or utility knife,

(1) Several sheets of thin plastic and cardboard,

(1) Door stops,

(k) Signs to post on doors that say "DO NOT SHUT
DOOR—FAN TEST IN PROGRESS” or DO NOT OPEN
DOOR-FAN TEST IN PROGRESS.”

(D ‘Thermometer.

B-2.2.3 Field Calibration Check.

B-2.2.3.1 'T'his procedure cnables the authority having
Jurisdiction to obtain an indication of the door fan and sys-
tem calibration accuracy upon request.

B-2.2.3.2 The ficld calibration check should be done in a
separate enclosure. Seal off anv HVAC registers and grilles if
present. Install the door fan per manufacturer’s instructions
and B-2.4. Determine if 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 pressure
exists, choose another room or eliminate the source.

B-2.2.3.3 Install a piece of rigid material less than Yy in.
thickness (free of any penetrations) in an unused blower
port or other convenient enclosure opening large enough
to accept an approximately 0.01-sq m sharp edge round or
square opening.
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B-2.2.3.4 Ensure that the door fan flow measurement sys-
tem is turned to properly measure pressurization or
depressurization and operate the blower to achieve a con-
venient pressure differential, preferably 10 Pa.

B-2.2.3.5 At the pressure achieved, measure the flow and
calibrate an initial ELA value using B-2.6.3. Repeat the
ELA measurement under positive pressure and average
the two results.

B-2.2.3.6 Create a sharp-edged, round, or square open-
ing in the rigid material. The area of this opening should
be at least 33 percent of the initial ELA measured. Typical
opening sizes are approximately 0.05, 0.1, and 0.2 m”,
depending on the initial leakage of the enclosure. Adjust
the blower to the previously used positive or negative pres-
sure 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
hetween the first and second ELA value is within + 15 per-
cent of the hole area cut in the rigid material. If the differ-
ence in ELA values is greater than + 15 percent, the door
fan apparatus should be re-calibrated according to the
manufacturer’s recommendations and either ASTM
E779-81 or CAN/CGSB-149.10-M86.

B-2.3 Initial Enclosure Evaluation.

B-2.3.1 Inspection.

B-2.3.1.1 Note the areas outside the enclosure envelope
that will be used to supply or accept the door fan air.

B-2.3.1.2 Inspect all 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
showing walls, doorways, and the rooms connected to the
test space. Number or name each doorway.

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

B-2.3.1.5 Check floor drains and sink drains for traps
with liquid.
B-2.3.2 Measurement of Enclosure.

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

B-2.3.2.2 Measure the highest point in the clean agent
protected enclosure.

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

B-2.3.3 Preparation.

B-2.3.3.1 Advise supervisory personnel in the arca 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/
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open. Open doorways inside the protected enclosure even
though they mayv be closed upon discharge.

B-2.3.3.4  Get the user’s personnel and/or the halon con-
tractor to set up the room in the same state as when a dis-
charge would occur, i.e., HVAC shut down. dampers
closed, ete. Confirm that all dampers and closeable open-
ings arce 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 tan. A double or multiple door fan for larger
spaces or for neutralizing leakage through a suspended
ceiling may be used for certain applications.

B-2.4.2 Set up once blower unit in the most convenient
doorway leading into the space. Choose the doorway that
opens into the largest return p‘llh area. Consideration
should be given to individuals requiring access into or out
of the facility.

B-2.4.3 Follow the manufacturer’s instructions regarding
serup.

B-2.4.4 Examine the sealing around the door (hefore
door fan installation) that the door fan will be mounted in
to determine if significant leakage exists. I significant leaks
are found they should be corrected. If the manufacturer’s
stated door fan sealing system leakage is less than the
apparent remaining leakage of the doorwayv, the difference
must be added to the leakage calculated in B-2.6 (see
B-2.6.3.5).

B-2.4.5 Ensure all pressure gauges are leveled and
seroed prior to connecting them to the fan apparatus, This
should be done by first gently blowing into or drawing
from the tubes lmdm;., to the pressure gauges so the nee-
dle fluid or readout moves through its entire span and
stavs at the maximum gauge reading for 10 seconds. This
confirms proper gauge operation. If using a magnehelic
gauge, gently tap the gauge face for 10 seconds. With both
ports ol cach gauge on the same side of the doorway (using
tubes il necessary), zero the gauges with their particular
adjusting method.

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

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

B-2.5 Door Fan Enclosure Evaluation.

B-2.5.1 Pressure Runup Inspection.

B-2.5.1.1 Activate the blower and adjust the enclosure
pressure to negative 15 Pa or maximum negative achiev-
able (up to 15 Pa).

B-2.5.1.2 Inspect all dampers with smoke to ensure they
are closing properly. Record problems and notify individ-
uals responsible for the enclosure of the problems.

B-2.5.1.3 Inspedt doors and hatches to ensure correct clo-
sure. Record problems and notify individuals responsible
for the enclosure of the problems.

B-2.5.1.4 Inspect the wall perimeter (above and below
the false floor) and the floor slab for major leaks. Note
location and size of major leaks. Track down major airflow
currents.

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 the room pressure gauge for at least 30 sec. Look
for minor fluctuations in pressure.

B-2.5.2.2 Under discharge conditions, measure the worst
case (greatest) pressure differential (Pg) across a section of
envelope containing the largest quantity of leaks expected
to leak halon. If the subfloor is pressurized at discharge,
measure the differential between the subfloor and outside
the envelope. Call this value Py tlor static at discharge).
Determine the flow direction with smoke or other indicat-
ing method.

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

B-2.5.2.4 Rccord the position ol all doorways, whether
open or shut, when the static pressure (Pgyp) wits measured.

B-2.6 Door Fan Measurement.
B-2.6.1 Total Enclosure Leakage Method.

B-2.6.1.1 This method determines the Cqui\'alem leakage
area of the entire endosure envelope. It is determined by
measuring the enclosure leakage under both positive and
negative pressures and averaging the readings. This
approach is used in order to minimize the influence of
static pressures on the ELA calculation,

B-2.6.1.2

(@) Block open all doorways around the endosure and
post personnel to ensure they stay open,

(by Ensure adequate return path area is provided 1o
allow an unrestricted return airflow path back to the door
fan from endosure leaks.

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

() Ifagent is designed to discharge above the false ceil-
ing, remove 1 percent of the ceiling tiles.

(e) Remeasure the static pressure (Pgp) at the time of the
door fan test, between the room (not below the false floor)
and the return path space.

(f) Make every effort to reduce the static pressure (Pgp)
by shutting down air-handling equipment even though it
may operate during discharge.

(g) Record Py and determine its direction using smoke
or other means.

() Record the position of cach doorway. openishut.
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(i) If the static pressure fluctuates due to wind, use a
wind damping system incorporating 4 averaging tubes on
each side of the building to eliminate its effects. The CAN/
CGSB-149.10-M86 standard may be used.

() If a subfloor pressurization airhandler cannot be shut
down for the test and leaks exist in the subfloor, these leaks
may not be accurately measured. Every attempt should be
made to reduce subfloor leaks to insignificance. During the
test as many floor tiles as possible should be lifted to reduce
the amount of subfloor pressurization. Note that under
such conditions the Suspended Ceiling Leakage Neutral-
ization Method will be difficult to conduct due to massive
air turbulence in the room.

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

B-2.6.1.3 Calculate the column pressure in the clean
agent protected enclosure using the following equation:

Pl =8 I{n (rm - I‘d) (1)
Where:
P = Pressure due to the halon column (P,)
g = Acceleration due to gravity (9.81 M/sec?)
H, = Height of protected enclosure (m)
r,, = Clean agent/air mixture density (kg/m", see

equation 9) .
r, = Air density (1.202 kg/m").

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

B-2.6.1.4 Depressurize the enclosure with a door fan
blower(s) till the measured pressure differential reading on
the gauge (P,,) goes through a total pressure reduction
((ll’nn
the static pressure (Pgp) measured in B-2.6.1.2 was =1 Pa,
and the calculated column pressure is 10 Pa, blow air out
of the room until a P, of £11 Pa is obtained. If the static
pressure (Pgp) was +1 Pa, and the calculated column pres-
sure 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
pressure and flow pressure gauges for 10 sec cach. Wait a
further 30 sec hefore taking the readings.

B-2.6.1.5 Measure the airflow (Q,) required to obtain the
pressure reduction (dP,)) required. It is important to ensure
that manufacturer instructions are followed to ensure that air-
flow is accurately measured with respect to direction of How.

B-2.6.1.6 The pressure reduction generated dP,, mayv be
up to 30 percent greater, but not lower in absolute value
than the calculated column pressure.

B-2.6.1.7 Repeat B-2.6.1.4 through B-2.6.1.6 while pres-
surizing the enclosure. As an example, if the static pressure
(Pyy) measured in B-2.6.1.2 is +1 Pa, and the calculated
column pressure is 10 Pa, blow air into the room until +9
Pa is obtained. If the static pressure is +1 Pa, and the cal-
culated column pressure is 10 Pa, blow air into the room
until +11 Pa is obtained.

B-2.6.1.8 FEnsure that the door fan flow measurement sys-
tem is actually turned around between tests to properly
measure pressurization or depressurization and that the
motor rotation is not simply reversed. Ensure that the air-
flow entering the room is not deflected upward, which may
cause lifting of any existing ceiling tiles.
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) equal to the column pressure (P). As an example, if

B-2.6.1.9 Measure the air temperature within the enclo-
sure (T}) and outside the enclosure (T,).

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

B-2.6.2.1 Where an unobstructed suspended ceiling
exists, the leakage area below the ceiling may optionally be
measured by neutralizing ceiling leaks. This method may
provide a more accurate estimate of 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 system is designed to protect
above this suspended ceiling. This test method does not
imply that leakage above the suspended ceiling is accept-
able. This technique may be difficult or impossible to per-
form under the tollowing conditions:

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

(b) Obstructions above the suspended ceiling, i.c.,
beams, ducts. and partitions, may make it difficult to obtain
uniform neutralization.

() Limited clearance above the suspended ceiling, e¢.g.,
less than 1 ft, may make it difficult to obtain neutralization.

B-2.6.2.2 If not already done, obtain the Equivalent
Leakage Area of the protected enclosure using the total
enclosure leakage method in B-2.6.1.

B-2.6.2.3 Ceiling level supply registers and return grilles
may be temporarily sealed off to increase the accuracy of
this method. If sealed, Pgp should be remeasured.

NOTE: Temporary sealing of such openings is not per-
mitted 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 sus-
pended ceiling space and the other into the room space
helow the suspended 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 until the required
pressure reduction and suspended ceiling leak neutraliza-
tion (i.e., no airflow through the suspended ceiling) is
achieved.

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

B-2.6.2.6 Measure the airflow (Q,,) through the fan that is
depressurizing the volume below the false ceiling to obtain
the pressure reduction (dP,)) required.

B-2.6.2,7 The pressure reduction generated in the vol-
ume below the false ceiling may be up to 30 percent
greater, but not lower in absolute value, than the calcu-
lated column pressure.

B-2.6.2.8 Repeat B-2.6.2.5 through B-2.6.2.7 while pres-
surizing the enclosure, except smoke either does not move
or moves up but not down.



