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7.3.3.3* Design Factor for Enclosure Pressure. The design 
quantity of the clean agent shall be adjusted in accordance with 
Table 7.3.3.3 to compensate for ambient pressures that vary 
more than 1 1  percent r equivalent to approximately 3000 ft 
(915 m) of elevation change] from standard sea level pressures 
[29. 92 in. Hg at 70°F (760 mm Hg at OoC) ] .  

7 .4* Duration of Protection. 

7.4.1 FOt- flame-extinguishing systems, a minimum concentra­
tion of 85 percent of the minimum design concentration shall 
be held at the highest height of protected content within the 
hazard for a period of 10 minutes or for a time period suffi­
cient to allow for response by u·ained personnel. 

7.4.2 For inerting systems, a minimum concentration not less 
than the inerting concentration determined in accordance 
with 7.2.3.1 shall be held throughout the protected space for a 
time period sufficient to allow for response by trained person­
nel. 

7.5 Distribution System. 

7 .5.1 * Initial Discharge Time. 

7.5.1.1* For halocarbon agents, the discharge time shall not 
exceed 10 seconds or as otherwise required by the authority 
havingjurisdiction. 

7.5.1.2 For inert gas agents, the discharge time shall not 
exceed 60 seconds for Class B fuel hazards, 120 seconds for 
Cla�s A surface-fire hazards or Class C hazards, or as otherwise 
,-equired by the authority havingjurisdiction. (See A. 7.5. 1.1.) 

7.5.1.3* Flow calculations performed in accordance with 
Section 6.2 or in accordance with the listed pre-engineered 
systems instruction manuals shall be used to demonsu-ate 
compliance with 7.5. 1 . 1  or 7.5.1.2. 

7.5.1.4 For explosion prevention systems, the discharge time 
for agents shall ensure that the minimum inerting design 
concentration is achieved before concentration of flammable 
vapors reach the flammable range. 

7.5.2* Extended Discharge. vVhere an extended discharge is 
necessary to maintain the design concenu·ation for the speci-

Table 7.3.3.3 AUnospheric Correction Factors 

Equivalent Enclosure Pressure AUnospheric 
Altitude (Absolute) Correction 

ft km psi mm Hg Factor 

-3,000 -0.92 16.25 840 1 . 1 1  
-2,000 -0.61 15.71 812 1.07 
-1 ,000 -0.30 15.23 787 1.04 

0 0.00 1 4.70 760 1.00 
1 ,000 0.30 14.18 733 0.96 
2,000 0.61 13.64 705 0.93 
3,000 0.91 13.12 678 0.89 
4,000 1.22 12.58 650 0.86 
5,000 1.52 12.04 622 0.82 
6,000 1.83 1 1 .53 596 0.78 
7,000 2.13 1 1 .03 570 0.75 
8,000 2.45 10.64 550 0.72 
9,000 2.74 10.22 528 0.69 
10,000 3.05 9.77 505 0.66 

fied period of time, additional agent quantities shall be permit­
ted to be applied at a reduced rate. 

7.5.2.1 The initial discharge shall be completed within the 
limits specified in 7.5. 1 . 1 .  

7.5.2.2 The performance of the extended discharge system 
shall be confirmed by test. 

7.6 Nozzle Choice and Location. 

7.6.1 Nozzles shall be of the type listed for the intended 
purpose. 

7.6.2 Nozzles shall be placed within the protected enclosure 
in compliance with listed limitations with regard to spacing, 
floor coverage, and alignment. 

7.6.3 The type of nozzles selected, 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 
o-eate dust clouds that could extend the fire, create an explo­
sion, or otherwise adversely affect the contents or integrity of 
the enclosure. 

Chapter 8 Local Application Systems 

8.1 Description. A local application system shall consist of a 
fixed supply of clean agent permanently connected to a system 
of fixed piping with nozzles arranged to discharge directly into 
the fit·e. 

8.1.1 Uses. Local application systems shall be used for the 
extinguishment of surface fires in flammable liquids, gases, and 
shallow solids where the hazard is not enclosed or where the 
enclosure does not conform to the requirements for total 
flooding. 

8.1.2 General Requirements. Local application systems shall 
be designed, installed, tested, and maintained in accordance 
with tl1e applicable requirements of this standard. 

8.1.3* Safety Requirements. The safety requirements of 
Section 4.3 shall apply. During agent discharge, locally high 
concentrations of the agent will be developed; therefore the 
requit·ements of Section 4.3 shall be followed to prevent expo­
sure of personnel to high concenu·ations of agent. 

8.2 Hazard Specifications. 

8.2.1 Extent of Hazard. The hazard shall be so isolated from 
other hazards or combustibles that fire will not spread outside 
the protected area. 

8.2.1.1 The entire hazard shall be protected. 

8.2.1.2 The hazard shall include all areas that are or can 
become coated by combustible liquids or shallow solid coat­
ings, such as areas subject to spillage, leakage, dripping, splash­
ing, or condensation. 

8.2.1.3 The hazard shall also include all associated materials 
or equipment, such as fi-eshly coated stock, drain boards, 
hoods, ducts, and so forth, that could extend fire outside or 
lead fire into the protected area. 

8.2.1.4 A series of interexposed hazar(l5 shall be permitted to 
be subdivided into smaller groups or sections with the approval 
of the authority having jurisdiction. 

2022 Edition 



2001-24 CLEAN AGENT FIRE EXTINGUISI-IING SYSTEMS 

8.2.1.4.1 Systems for such hazards shall be designed to give 
immediate independent protection to adjacent groups or 
sections as needed. 

8.2.2 Location of Hazard. 

8.2.2.1 The hazard shall be permitted to be indoot·s, partly 
sheltered, or completely out of doors. 

8.2.2.2 The clean agent discharge shall be such that winds or 
strong air currents do not impair the pwtection. It shall be the 
responsibility of the system designer to show that such condi­
tions have been taken into account in the design of a system. 

8.3 Clean Agent Requirements. The quantity of clean agent 
required for local application systems shall be based on the rate 
of discharge and the time that the discharge must be main­
tained to ensure complete extinguishment. The minimwn 
design quantity shall be no less than 1.5 times the minimum 
quantity required for extinguishment at any selected system 
discharge rate. 

8.4 Nozzles. 

8.4.1 Nozzle Selection. The basis for nozzle selection shall be 
listed performance data that clearly depict the interrelation­
ship of agent quantity, discharge rate, discharge time, area 
coverage, and the distance of the nozzle from the protected 
surface. 

8.4.1.1* The maximum permitted time to extinguish a fire 
with a halocarbon agent shall be 10 seconds. 

8.4.1.2* The maximum permitted time to extinguish a fire 
\'lith an inert gas agent shall be 30 seconds. 

8.4.1.3* Where flammable liquid fires of appreciable depth 
rover Y, in. (6 mm)] are to be protected, a minimum freeboard 
of 6 in. (152 mm) shall be provided unless othen'lise noted in 
approvals or listings of nozzles. 

8.4.2 Nozzle Discharge Rates. The design discharge rate 
through individual nozzles shall be determined on the basis of 
location or projection distance in accordance \vi th specific 
approvals or listings. 

8.4.2.1 The system discharge rate shall be the sum of the indi­
vidual t·ates of all the nozzles and discharge devices used i.n the 
system. 

8.4.3 Discharge Time. The minimum design discharge time 
shall be determined by dividing the design quantity by the 
design rate. 

8.4.3.1 The discharge time shall be increased to compensate 
fot· any hazard condition that would require a longer cooling 
period or for mechanical rundown time associated \'lith venti.la­
tion equipment present to prevent re-ignition. 

8.4.3.2 Where there is a possibility that metal or other mate­
rial can become heated above the ignition temperature of the 
fuel, the effective discharge time shall be increased to allow 
adequate cooling time. 

8.4.3.3* Where the fuel has an auto-ignition poi.nt below its 
boiling point, such as paraffin wax and cooking oils, the effec­
tive discharge time shall be increased to permit cooling of the 
fuel to prevent re-ignition. 
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8.5 Location and Number of Nozzles. 

8.5.1 * A sufficient number of nozzles shall be used to cover 
the entire hazard area on the basis of the unit areas protected 
by each nozzle. 

8.5.2* Local application nozzles shall be located in accm·d­
ance with spacing and discharge rate limitations stated in 
nozzle listings. 

8.5.3 Linear detection tubing shall be permitted to be used 
for agent discharge within the limitations of its listing. 

8.5.4 Nozzles shall be located so as to protect coated stock or 
other hazards extending above a pmtected surface. 

Chapter 9 Detection, Actuation, Alarm, and Control Systems 
for Clean Agent Releasing Applications 

9.1 * General. 

9.1.1 Control Panel for Releasing Service. Detection, actua­
tion, alarm, and control systems shall be designed, installed, 
tested, and maintained in accordance \'lith NFPA 72. 

9.1.1.1 Systems operated by mechanical manual release only 
shall be permitted if acceptable to the authority havingjurisdic­
tion. 

9.1.1.2 A dedicated primary power supply and 24-hour mini­
mum standby power supplywith a minimum 5-minute alarm 
current shall be used to provide for operation of the detection, 
signaling, conu·ol, and actuation requit·ements of the system. 

9.1.1.3 A protected premises building fire alarm system shall 
be permitted to serve as a clean agent suppression system 
releasing control panel only if it is listed for release with the 
specific clean agent suppression system's releasing device, per 
9.4.8 and 9.4.9. 

9.1.1.4 If the clean agent suppression system releasing control 
panel is located in a protected premises having a separate 
building fire alarm system, the releasing control panel shall be 
monitored by the building fire alarm system for alarm, supervi­
sory, and trouble signals. 

9.1.1.5* If the releasing service fire alarm control unit is loca­
ted in a protected premises having a separate fire alarm system, 
it shall be monitored for alarm, supervisory, and u·ouble 
signals, but shall not be dependent on or affected by the opera­
tion or failure of the protected premises fit·e alarm system. 

9.1.2 Initiation and Actuation. Automatic detection and auto­
matic actuation shall be used. 

9.1.3* Wiring Methods. Initiating and releasing circuit \'�iring 
shall be installed in raceways. 

9.1.3.1 Other than as permitted in 9 . 1 .3.2, alternating current 
(ac) and direct current (de) \'liring shall not be combined in a 
common conduit or raceway. 

9.1.3.2 It shall be permitted to combine ac and de \'�iring i.n a 
common conduit or t·aceway where shielded and grounded. 

9.2 Automatic Detection. 

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

9.2.2* vVhere a new agent system is being installed in a space 
that has an existing detection system, an analysis shall be made 
of the detection devices to ensure that the detection system is 
in good operating condition and will respond to a fire situation 
in accordance with system design objectives. 

9.3 Manual Release. A means of manual release of the system 
shall be provided, except where permitted to be omitted in 
accordance with 9.3.4. 

9.3.1 The manual release shall cause simultaneous operation 
of automatically operated valves controlling agent release and 
distribution. 

9.3.2 A discharge pressure switch that provides an alarm­
initiating signal to the releasing panel shall be required where 
a mechanical manual release is utilized and mechanical system 
actuation is possible. 

9.3.3* V\There a releasing panel is not used, the discharge pres­
sure switch shall initiate electrical functions that are required 
upon system actuation, including notification. 

9.3.4 A means of manual release shall not be required for 
automatic systems when the hazard being protected is unoccu­
piable and the hazard is in a remote location where personnel 
are not normally present. 

9.3.5 The manual release(s) shall be accessible at all times, 
including at the time of a fire. 

9.3.6 The manual release(s) shall be recognizable for the 
purpose intended. 

9.3.7 Operation of any manual control shall cause the 
complete system to operate as designed. 

9.3.8 Manual controls shall not require a pull of more than 
40 lb (178 N) nor a movement of more than 14 in. (356 mm) 
to secure operation. 

9.3.9 At least one manual conu·ol for activation shall be loca­
ted not more than 4 ft ( 1 .2 m) above the Aoor. 

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

9.4 Operating Devices and Control Equipment for Agent 
Release, Discharge Control, and Equipment Shutdown. 

9.4.1 Operation of agent-releasing devices or valves, discharge 
controls, and shutdown equipment necessary fot· successful 
performance of the system shall be by listed mechanical, elec­
u·ical, or pneumatic means. 

9.4.2 Operating devices shall be suitable for application in the 
environment in which they are employed. 

9.4.3 Operating equipment shall not readily be rendered 
inoperative or susceptible to accidental operation. 

9.4.4 Devices normally shall be designed to function properly 
from -20°F to 130°F (-29°C to 54°C) or marked to indicate 
tern pet·ature limitations. 

9.4.5 Operating devices shall be located, installed, or protec­
ted so that they are not subject to mechanical, chemical, or 
othet· damage that would render them inoperative. 

9.4.6 Where gas pressure from the system or pilot containers 
is used as a means for releasing the agent storage t·emaining 
containers, the supply and discharge rate shall be designed for 
releasing all the remaining containers. 

9.4.7 All devices fot· shutting down supplementary equipment 
shall function with the system operation as integral parts of the 
system. 

9.4.8 The control equipment shall be specifically listed for the 
number and type of actuating devices utilized. 

9.4.9 The control equipment and actuating devices shall be 
listed for compatibility. 

9.4.10 Supervision of Electric Actuator Removal. 

9.4.10.1 * Removal of an electric actuator from the agent stor­
age container discharge valve or selectot· valve that it conu·ols 
shall result in an audible and visual indication of system impair­
ment at the system releasing control panel. 

9.4.10.2 Subsection 9.4.10.1 shall not apply to systems covet·ed 
under Chapter 13 of this standard with the exception of those 
systems included under Section 13.6. 

9.4.11 The conu·ol equipment shall supervise the actuating 
devices and associated wiring and, as required, cause actuation. 

9.4.12 Removal of the primary agent container acntating 
device from the discharge valve or selector valve shall cause a 
trouble or supervisory signal at the releasing conu·ol unit. 

9.4.13* Where pneumatic control equipment is used, the lines 
shall be protected against loss of integrity. 

9.5 Operating Alarms, Notification Appliances, and Indicators. 

9.5.1 Notification appliances or conu·ol panel indicators shall 
be used to indicate the opemtion of the system, hazards to 
personnel, or failure of any supervised device. 

9.5.2* The type (e.g., audible, visual), number, and location 
of notification appliances and indicators shall be such that 
their purpose is accomplished, fulfilling all requirements. 

9.5.3 The notification appliances shall be designed to operate 
in accordance with the requirements of the building's emer­
gency response plan. 

9.5.4 Audible and visual pre-discharge notification shall be 
provided within the protected area of occupiable spaces to give 
positive warning of impending discharge. 

9.5.5 The operation of the notification appliances shall be 
continued after agent discharge until positive action has been 
taken to acknowledge the alarm and to proceed with appropri­
ate action. 

9.6 Abort Switches. Abort switches shall be permitted to be 
installed for clean agent releasing systems. 

9.6.1 Abort switches, where provided, shall be located within 
the protected area and near the means of egress for the area. 

9.6.2 The abort switch shall be of a type that requires constant 
manual pressure to cause abort. 

9.6.3 The manual release shall override the abort function. 

9.6.4 Operation of the abort function shall result in both audi­
ble and distinct visual indication of system impairment. 
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9.6.5 Abort switches shall be recognizable for the purpose 
intended. 

9. 7 Time Delays. 

9.7.1 A pre-discharge alarm and time delay sufficient to allow 
personnel evacuation prior to discharge shall be provided. 

9.7.2* For hazard areas subject to fast-growth fires, where the 
provision of a time delay would increase the threat to life and 
propeny, a time delay shall be permitted to be eliminated. 

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

9.7.4 Time delays shall not be used as a means of confirming 
operation of a detection device before automatic actuation 
occurs. 

9.8* Disconnect Switch. 

9.8.1 To avoid unwanted discharge of an electrically actuated 
clean agent system, a supervised disconnect switch shall be 
provided. 

9.8.2 The disconnect switch shall be secured against unau­
thorized use by one of the following methods: 
(1) Locate inside a lockable releasing conu·ol panel 
(2) Locate inside a lockable enclosure 
(3) Require a key for activation of the switch 

9.8.3* When the disconnect switch requires a key for activa­
tion, the access key shall not be removable while the releasing 
circuit is disconnected. 

9.8.4 Disarming the suppression system release sequence via 
software programming shall not be acceptable for use in lieu of 
a physical discormect switch. 

9.8.5 The disconnect switch shall be listed. 

9.9 Lockout Valves. If a lockout valve is installed, the releas­
ing panel shall indicate a supervisory signal when the lockout 
valve is not in the fully open position. 

Chapter 10 Approval of Installations 

10.1* Safety. Safe procedures shall be observed during instal­
lation, ser·vicing, maintenance, testing, handling, and recharg­
ing of clean agent systems and agent containers. 

10.2* General. 

10.2.1 The completed system shall be reviewed and tested by 
personnel that have knowledge and experience of the require­
ments contained in this standard, of the installed equipment, 
and of the manufacturer's design, installation, and mainte­
nance manual. 

10.2.2 Only listed equipment and devices shall be used in the 
systems. 

10.2.3 System Acceptance Testing. 

10.2.3.1 The system shall be tested in accordance with the 
requirements of this standard and the manufacturer's design, 
installation, and maintenance manual. 

10.2.3.2 Equipment shall be inspected to verity that it is in­
stalled in accordance with the manufacnu·er's instructions and 
the system design documents. 
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10.2.3.3 The actual hazard dimensions shall be checked 
against those indicated on the system drawings to verity the 
quantity of agent. 

10.2.3.4* If a discharge test is to be conducted, containers for 
the agent to be used shall be weighed before and after the 
discharge test. 

10.2.3.5 The weight of agent in the containers shall be verified 
by weighing or other approved methods. 

10.2.3.6 For inen gas clean agents, container pressure shall be 
recorded before and after the discharge test. 

10.2.3.7 vVhen applicable for system operation, fan coastdown 
and damper closure time shall be veri.fied that they are in 
accordance with the system design criteria. 

10.2.4 When required by project specifications, integrated fire 
protection and life safety system testing shall be in accordance 
with NFPA 4. 

10.3 Acceptance Test Report. 

10.3.1* The acceptance testing required by 10.2.3 shall be 
documented in a test report. 

10.3.2 The acceptance test report shall be maintained by the 
system owner for the life of the system. 

10.4 Review of Mechanical Components. 

10.4.1 The piping distribution system shall be inspected to 
determine that it is in compliance with the design and installa­
tion documents. 

10.4.2 Nozzles and pipe size shall be in accordance with 
system drawings. 

10.4.3 Means of pipe size reduction and attintdes of tees shall 
be checked for conformance to the design. 

10.4.4 Piping joints, discharge nozzles, and piping supports 
shall be securely fastened to prevent unwanted vertical or 
lateral movement during discharge. 

10.4.5 Discharge nozzles shall be installed in such a manner 
that piping cannot become detached during discharge. 

10.4.6 Dming assembly, the piping distribution system shall be 
inspected internally to detect the possibility of any oil or partic­
ulate matter soiling the hazard area or affecting the agent 
disu·ibution due to a reduction in the effective nozzle orifice 
area. 

10.4.7 The discharge nozzle shall be oriented in accordance 
with the nozzle listing. 

10.4.8 If nozzle deflectors are installed, they shall be posi­
tioned per the equipment listing. 

10.4.9 The discharge nozzles, piping, and mounting brackets 
shall be installed in such a manner that they will not potentially 
cause injmy to personnel. 

10.4.10 Agent shall not directly impinge on areas where 
personnel could be found in the normal work area. 

10.4.11 Agent shall not directly impinge on any loose objects 
or· shelves, cabinet tops, or similar sm·faces wher·e loose objects 
could be present and become projectiles. 
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10.4.12 All agent storage containers shall be located in accord­
ance with an approved set of system drawings. 

10.4.13 All containers and mounting brackets shaH be 
fastened securely in accordance with the manufacntrer's 
t·equirements. 

I 0.4.14 The pipe system shall be pressure-tested in a closed 
circuit using nitrogen or other dry gas. 

10.4.14.1 The pipe shall be pressurized to at least 40 psi 
(276 kPa). 

10.4.14.2 After removing the source of pressurizing gas, the 
pressure in the pipe shall not be less than 80 percent of the test 
pressure after 10 minutes. 

10.4.14.3 The pressure test shall be permitted to be omitted if 
the total piping contains no more than one change in direction 
fitting between the storage container and the discharge nozzle 
and if all piping has been physically checked for tightness. 

10.4.15* A flow test using nitrogen or an inert gas shall be 
performed on the piping network to verify that flow is continu­
ous. 

10.5 Review of Enclosure Integrity. 

1 0.5.1 It shall be determined that the protected enclosure is 
in general conformance with the construction documents. 

10.5.2 All total flooding systems 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 enclo­
sure to hold the specified agent concentration level for the 
specified holding period. 

10.5.3* Quantitative results shall be obtained and recorded to 
indicate that the specified agent concenu·ation fcK the speci­
fied duration of protection is in compliance with Section 7.4, 
using an approved blower fan unit or other means as approved 
by the authority havingjmisdiction. (For guidance, see Annex D.) 

10.6 Review of Electrical Components. 

10.6.1 All wiring systems shall be installed in compliance with 
local codes and the system drawings. 

10.6.2 Alternating current (ac) and direct current (de) wiring 
shall not be combined in a common conduit or raceway unless 
shielded and grounded. 

1 0.6.3 All field circuits shall be free of ground faults and short 
circuits. 

10.6.3.1 \!\There field circuitry is being measured, all electronic 
components, such as smoke and flame detectors or special elec­
tronic equipment for other detectors or their mounting bases, 
shall be removed and jumpers shall be installed to prevent the 
possibility of damage within these devices. 

10.6.3.2 Components removed in accordance with 10.6.3.1 
shall be replaced after measuring. 

10.6.4 Power shall be supplied to the control unit from a sepa­
rate dedicated source that will not be shut down upon system 
operation. 

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

10.6.6* All auxiliary fi.mctions such as alarm-sounding or 
displaying devices, remote annunciators, air-handling shut­
down, and power shutdown shall be checked for operation in 
accordance with system requirements and design specifications. 

10.6.7 Silencing of alarms, if permitted, shall not affect other 
auxiliary functions. 

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

10.6.9* Detectors shaH not be located near obstructions or air 
ventilation and cooling equipment that would affect their 
response chat·acteristics. 

10.6.10* The design of the detection system must take into 
consideration the volume of air changes within the protected 
area. 

10.6. 1 1  The detectors shall be installed in accordance with the 
manufacturer's technical data and the requirements of 
NFPA 72. 

10.6.12 Manual Pull Stations. 

10.6.12.1 Manual pull stations shall be securely mounted. 

10.6.12.2 The operable part of a manual pull station shall be 
not less than 42 in. (1. 07 m) and not more than 48 in. (1.22 m) 
from the finished floor. 

10.6.12.3 Manual pull stations shall be installed so that they 
are conspicuous, unobsu·ucted, and accessible. 

10.6.12.4* All manual pull stations shall be identified as to the 
hazard they protect, the function they perform, and their 
method of operation. 

10.6.12.5 All manual stations used to release agents shall 
requit·e two separate and distinct actions fot· operation. 

10.6.13 Systems with Main/Reserve Capability. For systems 
with a main/reserve capability, the main/reserve switch shall 
be installed in accordance with the system manufacturer's 
design, instaHation, and maintenance manual and the system 
drawings. 

10.6.13.1 For systems with a main/t·eset·ve capability, the 
main/reserve switch shall be installed in accordance with the 
system manufacturer's design, installation, and maintenance 
manual and the system drawings. 

10.6.13.2 If installed, d1e main/reserve switch shall be identi­
fied. 

10.6.14 Systems Using Abort Switches. 

10.6.14.1 Abort switches shall be of the deadman type requir­
ing constant manual pressure. 

10.6.14.2 Sv.itches that t·emain in the abon position when 
released shall not be used for this purpose. 

10.6.14.3 Abort switches shall be installed so that d1ey are 
readily accessible within the hazard. 

10.6.14.4 Abort switches shall be securely mounted. 

10.6.14.5 Abort stations shall be installed so they are conspicu­
ous, unobstructed, and accessible. 
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10.6.14.6 The operable part of an abort switch shall be not 
less than 42 in. (1.07 m) and not more than 48 in. (1.22 m) 
from the finished floor. 

1 0.6.14. 7 Manual pull stations shall always override abort 
switches. 

10.6.15 The releasing conu·ol unit shall be installed in accord­
ance with the system documentation and readily accessible. 

10.7 Functional Testing. 

10.7.1 Preliminary Functional Tests. 

10.7.1.1 If the system is connected to an alarm rece1vmg 
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 
desi•·ed. 

10.7.1.2 All personnel in areas that could be affected by the 
testing at the end user's facility shall be notified that a test is to 
be conducted. 

I 0. 7.1.3�' All personnel in areas that could be affected by the 
testing at the end user's facility shall be instructed as to events 
that could occur during testing of the fire extinguishing 
system. 

I0.7.1.4* Each agent storage container release mechanism 
shall be disabled or replaced with a functional device so that 
activation of the release circuit will not release agent. 

10.7.1.5 Each detector shall be tested for operation. 

I0.7.1.6 All polarized alarm devices and auxiliary relays shall 
be checked for polarity in accordance with the manufacmrer's 
instructions. 

I0.7.1.7 Initiating and notification circuits shall be checked 
for end-of�line devices, if required. 

I 0. 7.1.8 All supervised circuits shall be tested for trouble 
•·esponse. 

10.7.2 System Functional Operational Test. 

I0.7.2.1 Each detection initiating circuit shall be operated to 
verifY that all alarm functions occur according to design specifi­
cations. 

I0.7.2.2 Each manual release shall be operated to verify that 
manual relea5e functions occur according to design specifica­
tions. 

10. 7.2.3 Each abort switch circuit shall be operated to veri f)' 
that abort functions occur according to design specifications 
and that visual and audible supervisory signals are annunciated 
at the control panel. 

I0.7.2.4 All automatic valves shall be tested to veri£)' ope•·ation 
unless testing the valve will release agent or damage the valve 
(destructive testing). 

IO. 7.2.5 Pneumatic equipment, where installed, shall be 
tested for integrity to ensure operation. 

I0.7.3 Remote Monitoring Operations. 

I0.7.3.I Each type of initiating device shall be operated while 
on standby power to veri£)' that an alarm signal is received at 
the remote panel after the device is operated. 
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I0.7.3.2 A fault condition shall be applied to each initiating or 
notification circuit to verify receipt of a trouble condition at 
the remote station. 

10.7.3.3 Each supervised device shall be operated to veri£)' 
receipt of a supervisory condition at the remote station. 

I0.7.4 Control Panel Primary Power Source. A primary power 
failure shall be initiated in accordance with the manufacturer's 
specification to veri£)' that the system operates on standby 
power. 

10.7.5 Return of System to Operational Condition. 

I0.7.5.I vVhen functional testing is completed, the system 
shall be remrned to its fully operational condition. 

10.7.5.2 The alarm-receiving office and all concerned person­
nel at the end user's facility shall be notified that the fire system 
test is complete and that the system has been reu1rned to full 
service condition. 

I0.8 Owner's Documentation. 

I0.8.1 Paper or electronic copies of all test reports and related 
documentation shall be provided to the system owner. 

I0.8.2 The system owner shall maintain these •·eports for the 
life of the system. 

10.9 Training. 

I0.9.I All persons who could be expected to operate fire 
extinguishing systems shall be u·ained and kept trained in the 
functions they are expected to perform. 

I0.9.2* Personnel wo•·king in an enclosm·e protected by a 
clean agent shall receive training regarding agent safety issues. 

Chapter I I  Inspection, Servicing, Testing, Maintenance, and 
Training 

Il.I  General. The responsibility for inspection, testing, main­
tenance, and recharging of the fire protection system shall ulti­
mately be that of the owner(s) of the system, provided that this 
responsibility has not been transferred in written form to a 
management company, tenant, or other party. 

11.1.1 Safety. Safe procedures shall be observed during 
inspection, servicing, maintenance, testing, handling, and 
recharging of clean agent systems and agent containers. (See 
A.lO.l.) 

11.1.2 Fire Protection Service Technician. Personnel that 
inspect, service, test, and maintain clean agent fire extinguish­
ing systems shall have knowledge and experience of the main­
tenance and servicing t·equirements contained in this standard, 
of the equipment being serviced or maintained, and of d1e 
servtcmg or maintenance methods and requirements 
contained in the manufacmre•·'s design, installation, and main­
tenance manual and any applicable bulletins. 

11.2* Monthly Inspection. 

11.2.1 At least monthly, a visual inspection shall be conducted 
in accordance with the manufacmrer's listed maintenance 
manual or owner's manual. 

1 1 .2.2 At a minimum, the inspection shall include verification 
of the following, as applicable: 
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(1) Releasing panel is powered and is free of supervisory, 
trouble, or alarm conditions. 

(2) Manual controls are unobso·ucted. 
(3) System shows no physical damage or condition that could 

prevent operation. 
( 4) Pressure gauges are in the operable range. 
(5) Protected equipment and/or hazard has not been 

changed or modified. 
(6) Any previously noted deficiencies have been corrected. 

11.2.3 If any deficiencies are found, appropriate corrective 
action shall be taken immediately. 

1 1.2.4 vVhere the corrective action involves maintenance or 
repair, it shall be conducted by a fire protection service techni­
cian, in accordance with 11.1.2. 

11.2.5 \\Then inspections are conducted, a record verifYing 
that the inspection was completed shall be maintained by the 
owner. 

1 1.2.5.1 The record shall include the date the inspection was 
performed and the initials of the person performing the 
inspection. 

1 1.2.5.2 The record shall include any deficiencies that were 
found. 

1 1.2.5.3 The recot·ds shall be retained until the next semian­
nual service and inspection. 

11.3* Semiannual Service and Inspection. At least semiannu­
ally, the agent quantity and pressure of containet·s shall be 
checked. 

11.3.1 For halocarbon clean agents with a means of pressure 
indication, if a container shows a loss in agent quantity of more 
than 5 percent or a loss in pressure (adjusted for temperamre) 
of more than 10 percent, it shall be refilled or replaced. 

11.3.2 For halocarbon agent containers without a means of 
pressure indication, if a container shows a loss in agent quan­
tity of more than 5 percent, it shall be refilled or replaced. 

1 1.3.3* Halocarbon clean agent removed from containers 
during service or maintenance procedures shall be recovered 
and recycled or disposed of in accordance with any applicable 
laws and regulations. 

11.3.4* For inert gas clean agents, if a container shows a loss 
in pressure (adjusted for temperantre) of more than 5 percent, 
it shall be refilled ot· replaced. 

11.3.5 \\There container pressure gauges are used to comply 
with 11.3.4, they shall be compared to a separate calibrated 
device at least annually. 

11.3.6 \<\There the quantity of agent in the container is deter­
mined by special measuring devices, these devices shall be 
listed. 

11.3.7 The following information shall be recorded on a tag 
attached to the container: 
( 1) Date of inspection 
(2) Person performing the inspection 
(3) Type of agent 
(4) Gross weight of the container and net weight of agent 

(halocarbon clean agents only) 
(5) Container pressure and temperanu·e (halocmvon clean 

agents with a gauge and inert gas clean agents) 

1 1.4 Annual Inspection and Service. At least annually, all 
systems shall be inspected, serviced, and tested for operation by 
qualified personnel, in accordance with 11.1.2. 

11.4.1 Discharge tests shall not be required. 

11.4.2* A set·vice repon with recommendations shall be filed 
with the owner of the system. 

11.4.3 The service report shall be permitted to be stored and 
accessed using paper or elecu·onic media. 

11.4.4 System Hoses. 

11.4.4.1 All system hoses shall be examined annually for 
damage. 

1 1.4.4.2 If visual examination shows any deficiency, the hose 
shall be immediately replaced or tested as specified in 
Section 11.7. 

11.4.5 Enclosure Inspection. 

11.4.5.1 The protected enclosure shall be inspected annually 
or monit01·ed by a documented administrative pt·ogram for 
changes in barrier integrity or enclosure dimensions. 

1 1 .4.5.2* \\There changes could result in the inability of the 
enclosw·e to maintain the clean agent concentration, the 
conditions shall be corrected. 

11.5* Maintenance. 

11.5.1 These systems shall be maintained in full operating 
condition at all times. 

11.5.2 Actuation of the clean agent system shall be reported 
immediately to the authot·ity havingjurisdiction. 

11.5.3 Impairments shall be addressed in accordance with 
Chapter 12. 

1 1.5.4 Enclosure Maintenance. 

11.5.4.1 * Any peneu·ations made d1rough the enclosure 
protected by the clean agent shall be sealed immediately. 

1 1.5.4.2 The method of sealing shall restore the original fire 
resistance rating of the enclosure. 

11.6* Container Test. 

11.6.1* U.S. Department of Tmnsportation (DOT), Canadian 
Transport Commission (CTC), or similar design clean agent 
containers shall not be recharged without retesting if the 
requalification period specified by the t·egulating authot·ity for 
the container has elapsed since the date of the last test and 
inspection. 

11.6.1.1 For halocarbon agent storage containers, the t·etest 
shall be permitted to consist of a complete visual inspection as 
described in 49 CFR. 

1 1.6.1.2 A cylinder shall be pennitted to be requalified at any 
time during or before the month and year that the requalifica­
tion is due. 

11.6.1.3 A cylinder filled before the requalification becomes 
due shall be both of the following: 
(1) Pennitted to t·emain in service 
(2) Periodically inspected in accordance wid1 11.6.2 
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11.6.1.4 A cylinder with a specified service life shall not be 
t·efilled and offered for transportation after its authorized serv­
ice life has expired. 

1 1.6.2* Containers continuously in service without need for 
t·efill or repair shall be given a complete external visual inspec­
tion every 5 years, or more frequently if required. 

1 1.6.2.1 The visual inspection shall be in accordance with 
Section 3 of CGA C-6, Standm·d for Visttal Inspection of Steel 
Compressed Gas Cylinders, except that the containers need not be 
stamped while under pressure. 

1 1.6.2.2 The results of the inspection shall be recorded on 
both of the following: 
(1) A recOL'd tag permanently attached to each container 
(2) A suitable inspection report 

1 1.6.2.3 A completed copy of the container inspection report 
shall be furnished to the owner of d1e system or an authorized 
representative. 

11.6.2.4 These records shall be retained by the owner for the 
life of the system. 

1 1.6.2.5 Where external visual inspection indicates that the 
container has been damaged, additional strength tests shall be 
t·equired in accordance with applicable transpOL·tation t·egula­
tions. 

11.7 Hose Test. 

11.  7.1 All hoses shall be tested or t·eplaced every 5 years. 

11.  7.2 A test pressure equal to l � times the maximum 
container pressure at 1300F (54.4°C) shall be applied within 
1 minute and maintained for 1 minute. 

11.  7.3 The testing procedure shall be as follows: 
(1) The hose is removed from any attachment. 
(2) The hose assembly is then placed in a protective enclo­

sure designed to pet·mit visual observation of the test. 
(3) The hose must be completely filled with water before test­

ing. 
( 4) Pressure then is applied at a rate-of-pt·essme rise to t·each 

d1e test pressure within 1 minute. The test pressure is 
then maintained for 1 full minute. Observations are then 
made to note any distortion or leakage. 

(5) Mter observing the hose for leakage, movement of 
couplings, and distortion, the pressure is released. 

1 1.7.4 The hose assembly shall be considered to pass if all of 
the following criteria are met: 
( 1) No loss of pressure during the test 
(2) No movement of the couplings while under pressure 
(3) No permanent distortion of the hose 

11.  7.5 Each hose assembly that passes the hydrostatic test shall 
be marked with the date of the test. 

11.  7.6* Each hose assembly that passed the test shall be dried 
internally before being reinstalled. 

11.  7. 7 Each hose assembly that fails the hydrostatic test shall 
be marked and destroyed. 
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11.8 Training. All persons who could be expected to inspect, 
service, test, or maintain fire extinguishing systems shall be 
trained and kept trained in the functions they are expected to 
perform. 

Chapter 12 Impairment 

12.1 * General. 

12.1.1 This chapter shall provide the minimum requirements 
for a fire protection system impairment program. 

12.1.2 Measures shall be taken during the impairment to 
ensure that increased risks are minimized and the duration of 
the impairment is limited. 

12.2 Impairment Coordinator. 

12.2.1 The property owner or designated representative shall 
a�sign an impairment coordinator to comply with the require­
ments of this chapter. 

12.2.2 In the absence of a specific designee, the property 
owner or designated representative shall be considered the 
impairment coot-dina tor. 

12.2.3 '<\There the lease, written use agreement, or manage­
ment conn-act specifically grants the authority for inspection, 
testing, and maintenance of the fit-e protection system(s) to the 
tenant, management firm, or managing individual, the tenant, 
management firm, or managing individual shall assign a person 
a� impairment coordinator. 

12.3 Tag Impairment System. 

12.3.1* A tag shall be used to indicate that a system, or part 
thereof, has been removed from service. 

12.3.2* A tag shall be posted at the clean agent system compo­
nent causing the impairment, the system releasing control unit, 
the building fire alarm control unit if applicable, and other 
locations required by the authority havingjurisdiction, indicat­
ing which system, or part thereof, has been removed from serv­
ice. 

12.4 Preplanned Impairment Programs. 

12.4.1 All preplanned impairments shall be authorized by the 
impairment coordinator. 

12.4.2* The need for temporaty fire protection, termination 
of all hazardous operations, and fi-equency of inspections in 
the areas involved shall be determined. 

12.4.3 Before authorization is given, the impairment coordi­
nator shall be responsible for verifying that the following 
pwcedures have been implemented: 
(1) The extent and expected duration of the impairment 

have been determined. 
(2) The areas or buildings involved have been inspected and 

the increased risks determined. 
(3) Recommendations to mitigate any increased risks have 

been submitted to management or the property owner or 
designated representative. 

(4) '<\There a clean agent fire protection system provides 
primaty protection and is out of service for more than 
10 hours in a 24-hour period, arrangements are made for 
one of the following: 
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(a) Evacuation of the building or portion of the build­
ing affected by the system out of service 

(b)* An approved fire watch 
(c)* Establishment and implementation of an approved 

pwgram to eliminate potential ignition sources and 
limit the amount of fuel available to the fire 

(5) The fire department has been notified. 
(6) The insurance carrier, alarm company, property ownet- or 

designated representative, and other authorities having 
jurisdiction have been notified. 

(7) The supervisors in the areas to be affected have been 
notified. 

(8) A tag impairment system ha� been implemented. (See 
Section 12.3.) 

(9) All necessaty tools and materials have been assembled on 
the impairment site. 

12.5 Emergency Impairments. 

12.5.1 Emergency impairments shall include, but are not limi­
ted to, interruption of clean agent supply, ruptured or 
damaged piping, equipment failure, and loss of enclosure 
integrity, and include impairments found during inspection, 
testing, or maintenance activities. 

12.5.2 In the case of an emet·gency impairment, the coOt-dina­
tor shall implement the steps outlined in 12.4.2 and 12.4.3. 

12.5.3 When one or more impairments are discovered during 
inspection, testing, and maintenance activities, the owner or 
owner's authorized representative shall be notified in writing. 

12.6 Restoring Systems to Service. When all impaired equip­
ment is restored to normal working order, the impairment 
coordinator shall verifY that the following procedures have 
been implemented: 
( 1 )  Any necessary inspections and tests have been conducted 

to verity that affected systems are operational. 
(2) Supervisors have been advised that pmtection is restored. 
(3) The fire department has been advised that protection is 

restored. 
( 4) The pmperty owner or designated representative, insur­

ance carrier, alarm company if applicable, and other 
authorities having jurisdiction have been advised that 
protection is restored. 

(5) All impairment tags have been removed. 

Chapter 13 Marine Systems 

13.1 General. This chapter outlines the deletions, modifica­
tions, and additions that are necessaty fOI- marine applications. 
All other requirement� of NFPA 2001 shall apply to shipboard 
systems except as modified by this chapter. \-\There the provi­
sions of Chapter 13 conflict with the provisions of Chapter 1 
through Chapter 1 1 ,  the provisions of Chapter 13 shall take 
precedence. 

13.1.1 Scope. This chapter is limited to marine applications 
of clean agent fire extinguishing systems on commercial and 
government vessels. Explosion inerting systems were not 
cons ide t-ed during development of this chapter. 

13.2 Use and Limitations. 

13.2.1* Total flooding clean agent fire extinguishing systems 
shall be used primarily to pwtect hazards that are in enclosures 

or equipment that, in itself, includes an enclosure to contain 
the agent. 

13.2.2* In addition to the limitations given in 4.2.2, clean 
agent fire extinguishing systems shall not be used to protect the 
following: 
( 1 )  Dry cargo holds 
(2) Bulk cat·go 

13.2.3 The effects of agent decomposition products and 
combustion products on fire protection effectiveness and 
equipment shall be considered where using clean agents in 
hazard� with high ambient temperatures (e.g., incinerator 
rooms, hot machinety and piping). 

13.3 Hazards to Personnel. 

13.3.1 Orl1er d1an the engine rooms identified in 13.3. 1 . 1 ,  all 
other main machinery spaces shall be considered normally 
occupied spaces. 

13.3.1.1 Engine rooms of 6000 ft3 ( 170 m3) or less that are 
accessed for maintenance only shall not be required to comply 
with 13.3.1. 

13.3.2* For mat·ine systems, elecu·ical clearances shall be in 
accordance with 46 CFR, Subchapter J, "Electrical Engineer­
ing." 

13.4 Agent Supply. 

13.4.1 Reserve quantities of agent shall not be required by this 
standard. 

13.4.2* Storage container atTangement shall be in accordance 
with 5.1.3.1 and 5.1.3.3 through 5.1 .3.5. \'�There equipment is 
subject to extreme weather conditions, the system shall be 
installed in accordance with the manufacturer's design and 
installation instructions. 

13.4.2.1 Except in the case of systems with storage cylinders 
located within the protected space, pt·essure containers 
required for the storage of the agent shall be in accordance 
with 13.4.2.2. 

13.4.2.2 \'�There the agent containers are located outside a 
protected space, they shall be stored in a room that shall be 
situated in a safe and readily accessible location and shall be 
effectively ventilated so d1at the agent containers are not 
exposed to ambient temperatures in excess of 130°F (55°C). 
Common bulkheads and decks located between clean agent 
container storage woms and protected spaces shall be protec­
ted \'lith A-60 class su·ucmral insulation as defined by 46 CFR 
72. Agent container storage rooms shall be accessible without 
having to pass through the space being pt·otected. Access doors 
shall open outward, and bulkheads and decks, including doors 
and other means of closing any opening therein, mat form me 
boundaries between such rooms and adjoining spaces shall be 
gastight. 

13.4.3 Where agent containers are stored in a dedicated 
space, do01·s at exits shall S\'ling outward. 

13.4.4 \'�There subject to moisture, containers shall be installed 
such that a space of at least 2 in. (51 mm) between the deck 
and the bottom of the container is provided. 

13.4.5 In addition to the requirements of 5.1 .3.4, containers 
shall be secured with a minimum of two brackets to prevent 
movement from vessel motion and vibration. 
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13.4.6* For marine applications, all piping, valves, and fittings 
of ferrous materials shall be protected inside and out against 
corrosion except as permitted in 13.4.6.1. 

13.4.6.1 Closed sections of pipe and valves and fittings within 
closed sections of pipe shall be requi1·ed to be protected ag-ainst 
corrosion only on the outside. 

13.4.6.2 Other than as permitted in 13.4.6.1, prior to accept­
ance testing, the inside of the piping shall be cleaned without 
compromising its corrosion resistance. 

13.4. 7* Pipes, fittings, nozzles, and hangers, including welding 
filling materials, within the protected space shall have a melt­
ing temperature greater than 1600°F (871 °C). Aluminum 
components shall not be used. 

13.4.8 Piping shall extend at least 2 in. (51 mm) beyond the 
last nozzle in each branch line to prevent clogging. 

13.5 Detection, Actuation, and Control Systems. 

13.5.1 General. 

13.5.1.1 Detection, actuation, alarm, and control systems shall 
be installed, tested, and maintained in accordance with the 
requirements of the authority havingjurisdiction. 

13.5.1.2* For spaces greater than 6000 ft3 (170 m3), automatic 
release of the fire extinguishing agent shall not be permitted 
where actuation of the system can interfere with the safe navi­
gation of the vessel. Automatic 1·elease of the fi1·e extinguishing 
agent shall be permitted for any space where actuation of the 
system will not interfere with the safe navigation of the vessel. 

13.5.1.2.1 Automatic release shall be permitted for any space 
of 6000 ft3 ( 1 70 m3) o1· Less. 

13.5.2 Automatic Detection. 

13.5.2.1 Elecu·ical detection, signaling, conu·ol, and actuation 
system(s) shall have at least two sources of power. The primary 
source shall be from the vessel's emergency bus. For vessels 
with an eme1·gency bus or battery, the backup source shall be 
either the vessel's general alarm battery or an internal battery 
within the system. Internal batteries shall be capable of operat­
ing the system for a minimum of 24 hom·s. All power sow·ces 
shall be supervised. 

13.5.2.1.1  For vessels without an emergency bus or battery, the 
primary source shall be permitted to be the main elecu·ical 
supply. 

13.5.2.2 In addition to the requirements set forth in 
Section 9.3, actuation circuits shall not be routed through the 
protected space where manual electrical actuation is used in 
marine systems. 

13.5.2.2.1 For systems complying with 13.5.2.4, actuation 
circuits shall be permitted to be routed through the protected 
space. 

13.5.2.3* Manual actuation for systems shall not be capable of 
being put into operation by any single action. Other than as 
identified in 13.5.2.3.1, manual actuation stations shall be 
housed in an enclosure. 

13.5.2.3.1 Manual actuation shall be permitted to be local 
manual actuation at the cylinder(s) location. 
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13.5.2.4 Systems protecting spaces larger than 6000 ft3 
(170 m3) shall have a manual actuation station located in the 
main egress route outside the protected space. In addition, 
systems protecting spaces larger than 6000 ft3 (170 m3) having 
cylinde1·s within the protected space and systems protecting 
unattended main machinery spaces shall have an actuation 
station in a continuously monitored control station outside the 
protected space. 

13.5.2.4.1 Systems protecting spaces of 6000 ft3 ( 170 m3) or 
less shall be permitted to have a single actuation station at 
either of the locations described in 13.5.2.4. 

13.5.2.5 Emergency lighting shall be provided for remote 
actt1ation stations serving systems protecting main machinery 
spaces. All manual operating devices shall be labeled to identify 
the hazards they protect. ln addition, the foLIO\ving informa­
tion shall be provided: 
( 1 )  Operating instmctions 
(2) Length of time delay 
(3) Actions to take if system fails to operate 
(4) Other actions to take such as closing vents and taking a 

head count 

13.5.2.5.1 For systems having cylinders within the protected 
space, a means of indicating system discharge shall be provided 
at the remote actuation station. 

13.6 Additional Requirements for Systems Protecting Class B 
Hazards Greater Than 6000 ft3 (170 m3) with Stored Cylinders 
Within the Protected Space. 

13.6.1 * An automatic fire detection system shall be installed in 
the protected space to provide early warning of fire to mini­
mize potential damage to the fire extinguishing system before 
it can be manually actuated. The detection system shall initiate 
audible and visual alarms in the protected space and on the 
navigating bridge upon detection of fire. All detection and 
alarm devices shall be electrically supervised for continuity, and 
trouble indication shall be annunciated on the navigating 
bridge. 

13.6.2* Electrical power circuit� connecting the containers 
shall be monitored for fault conditions and loss of power. 
Visual and audible alarms shall be provided to indicate this, 
and the alarms shall be annunciated on the navigating bridge. 

13.6.3* '\1\Tithin the protected space, electrical circuits essential 
for the release of the system shall be heat resistant, such as 
mineral-insulated cable compliant with Article 332 of NFPA 70, 
01· the equivalent. Piping systems essential for the release of 
systems designed to be operated hydraulically or pneumatically 
shall be of steel or other equivalent heat-resistant material. 

13.6.4* The aiTangements of containers and the electrical 
circuits and piping essential for the release of any system shall 
be such that in the event of damage to any one power release 
Line through fire or explosion in a protected space (i.e., a 
single-fault concept) the entire fire extinguishing charge 
required for that space can still be discharged. 

13.6.5* The containers shall be monitored fo1· decrease in 
pressure due to Leakage and discharge. Visual and audible 
signals in the protected area and either on the navigating 
bridge or in the space where d1e fire control equipment is 
cenu-alized shall be provided to indicate a low-pressure condi­
tion. 



l'vlARINE �YSTEMS 2001-33 

13.6.6* Within the protected space, electrical circuits essential 
for the t·elease of the system shall be Class A t·ated in accord­
ance with NFPA 72. 

13.7 Enclosure. 

13. 7.1* To prevent loss of agent through openings to adjacent 
hazards or work areas, openings shall be one of the following 
designs: 
( 1 )  Permanently sealed 
(2) Equipped with automatic closures 
(3) Equipped with manual closures outfitted with an alarm 

circuit to indicate when these closures are not sealed 
upon activation of the system 

13.7.1.1 vVhere confinement of agent is not practical, m- ifthe 
fuel can drain from one compartment to another, such as via a 
bilge, protection shall be extended to include the adjacent 
connected comparunent ot· work areas. 

13.7.2* Prior to agent discharge, all ventilating systems shall 
be closed and isolated to preclude passage of agent to other 
compartments or the vessel extet·ior. Automatic shutdowns or 
manual shutdowns capable of being closed by one person from 
a position co-located \vith the agent discharge station shall be 
used. 

13.8 Design Concentration Requirements. 

13.8.1 Combinations of Fuels. For combinations of fuels, the 
design concentration shall be derived from the flame extin­
guishment value for the fuel requiring the greatest concenu·a­
tion. 

13.8.2 Design Concentration. For a particular fuel, the design 
concentration referred to in 13.8.3 shall be used. 

13.8.3 Flame Extinguishment. The minimum design concen­
u·ation for Class B flammable and combustible liquids shall be 
as determined follo\ving the procedures described in IMO 
MSC/Circ. 848, Revised Guidelines fm· the Approval of Equivalent 
Fixed Gas FiTe-Extinguishing Systems as Refen1!d to in SOLAS 74, joT 
Machinery Spaces and Cmgo Pump-Rooms, as amended by IMO 
MSC.1/Circ. 1267, Amendments to Revised Guidelines joT the Appro­
val of Equivalent Fixed Gas Fi11!-Axtinguishing Systems, as Rrfen·ed to 
in SOLAS 74, fm· Machine�y Spaces and Ca·rgo Pump-Rooms (MSC/ 
Ci1·c. 848). 

13.8.4* Total Flooding Quantity. The quantity of agent shall 
be based on the net volume of the space and shall be in accord­
ance \vith the requirements of paragraph 5 of IMO MSC/Circu­
lar 848, Revised Guidelines fm· the Appmval of Equivalent Fixed Gas 
FiTe-Extinguishing Systems as Referred to in SOLAS 74, joT Machine�·y 
Spaces and Cmgo Pump-Rooms, Annex. 

13.8.5* Duration of Protection. It is important that the agent 
design concentration not only shall be achieved, but also shall 
be maintained for a sufficient period of time to allow effective 
emergency action by u·ained ship's personnel. In no case shall 
the hold time be less than 15 minutes. 

13.9 Distribution System. 

13.9.1 Rate of Application. The muumum design rate of 
application shall be based on the quantity of agent required for 
the desired concentration and the time allowed to achieve the 
desired concentration. 

13.9.2 Discharge Time. 

13.9.2.1 The discharge time for halocarbon agents shall not 
exceed 10 seconds or as otherwise required by d1e authority 
having jurisdiction. 

13.9.2.2 For halocarbon agents, the discharge time period 
shall be defined as the time required to discharge from the 
nozzles 95 percent of the agent mass [at 70°F (21 oq l neces­
sary to achieve the minimum design concentration. 

13.9.2.3 The discharge time for inert gas agents shall not 
exceed 120 seconds for 85 percent of the design concentration 
or as otherwise required by the authority having jurisdiction. 

13.10 Nozzle Choice and Location. For spaces other than 
those identified in 13.10.1,  nozzles shall be of the type listed for 
the intended purpose. Limitations shall be determined based 
on testing in accordance with IMO MSC/Circular 848, Revised 
Guidelines jo1· the Appmval of Equiva lent Fixed Gas Fim· 
Extinguishing Systems as Refened to in SOLAS 74, for Machine1y 
Spaces and Cmgo Pump-Rooms. Nozzle spacing, area coverage, 
height, and alignment shall not exceed the limitations. 

13.10.1 For spaces having only Class A fuels, nozzle placement 
shall be in accordance \vith the nozzles' listed Limitations. 

13.ll Inspection and Tests. At least annually, all systems shall 
be inspected and tested for proper operation by competent 
personnel. Discharge tests shall not be required. 

13.11.1 An inspection report \vith recommendations shall be 
filed \vith the vessel's master and the owner's agent. The report 
shall be available for inspection by the authority having juris­
diction. 

13.11.2 At least annually, the agent quantity of refillable 
containers shall be checked by competent personnel. The 
container pressure shall be verified and logged at least monthly 
by the vessel's crew. 

13.11.3* For halocarbon clean agents, if a container shows a 
loss in agent of more than 5 percent or a loss in pressure, adjus­
ted for temperattu·e, of more than 10 percent, it shall be re­
filled or replaced. 

13.11.3.1 * If an inert gas clean agent container shows a loss in 
p1·essure, adjusted for temperattu·e, of more than 5 pet-cent, it 
shall be refilled or replaced. \1\There container pressure gauges 
are used for this purpose, they shall be compared to a separate 
calibrated device at least annually. 

13.11.4 The installing conu·actor shall provide instructions for 
the operational features and inspection procedures specific to 
the clean agent system installed on the vessel. 

13.12 Approval of Installations. Prior to acceptance of the 
system, technical documentation, such as the system design 
manual, test reports, or the listing report, shall be pt·esented to 
the authority having jurisdiction. This documentation shall 
show that the system and its individual components are 
compatible, employed within tested limitations, and suitable 
for marine use. 
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13.12.1 The listing organization shall perform the following 
functions: 
( l )  VerifY that fire tests were conducted in accordance with a 

predetermined standat·d 
(2) VerifY that component tests were conducted in accord-

ance with a predetermined standard 
(3) Review the component quality assurance pmgmm 
(4) Review the design and installation manual 
(5) Identify system and component limitations 
(6) VerifY flow calculations 
(7) VerifY the integrity and the reliability of system as a whole 
(8) Have a follow-up program 
(9) Publish a list of equipment 

13.13 Periodic Puff Testing. A test in accordance with 10.4.15 
shall be performed at 24-month intervals. The periodic test 
program shall include a functional test of all alarms, conu·ols, 
and time delays. 

13.14 Compliance. Electrical systems shall be in accordance 
with 46 CFR Subchapter ]. For Canadian vessels, electrical 
installations shall be in accordance with TP 127 E, Ship Safety 
Electrical Standards. 

Annex A Explanatory Material 

Annex A is not a paTt of the 1tquirement.s of this NFPA document hut is 
included fQr infm'matiQnal pmposes Mly. This annex contains explan­
atmy material, numbered to em-respond with the applicable text pam­
graphs. 

A.l.l The designer is cautioned that this standard is not to be 
used as a design handbook. Clean agent fire extinguishing 
systems are complex, with new technology in this area being 
developed continuously. The designer will need to apply engi­
neering judgement in conjunction with this standard when 
designing clean agent fire extinguishing systems. 

A designer is expected to be granted some latitude when 
encountering special or unusual design problems, as long as 
the designet- applies a complete and rigorous analysis to the 
situation. In such cases, the designer is responsible for demon­
strating the validity of the approach. 

A.l.l.1 The designations for perfluorocarbons (FCs), hydro­
chlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), 
fluoroiodocarbons (FICs), fluoroketones (FKs), and hydro­
fluoroolefins (HFOs) are an extension of halocarbon designa­
tions in ANSI/ ASHRAE 34, prepared by the American National 
Standards Instintte, Inc. (ANSI) and ASHRAE. HCFC Blend A 
is a designation for a blend of HCFCs and a hydrocarbon. 
HB-55 is a designation for a blend of HFO-l233zd and fluoro­
ketone FK-[}-1-12 (50 percent each) .  The designation IG-541 is 
used in this standard for a blend of three inert gases - niu·o­
gen, argon, and carbon dioxide (52 percent, 40 percent, and 
8 percent, respectively). The designation IG-01 is used in this 
standard for argon, an unblended inert gas. The designation 
IG-100 is used in this standard for nitrogen, an tmblended 
inert gas. The designation IG-55 is used in this standard for a 
blend of two inen gases - nitrogen and argon (50 percent 
each) .  
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The clean agents in Table 1 . 1 . 1  possess the physical proper­
ties as detailed in Table A. l . l . l (a) through Table A.l . l . 1 (d). 
These data will be revised from time to time as new informa­
tion becomes available. Additional background information 
and data on these agents can be found in several references: 
Fernandez (1991),  Hanauska (1991 ) ,  Robin (1991),  and Shein­
son (1991).  

A.1.2 The agents in this standat·d 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. 

The Fire Suppression Systems Association (FSSA.) has 
published a Guide to Clean Fire Extinguishing Agents and Then· Use 
in Fixed Systems, which offers a user-fi·iendly presentation of the 
essential properties of the agents. 

A.1.5.4.1 It is not intended that the application or enforce­
ment of these values be more pt·ecise than the precision 
expressed. 

A.1.5.4.2 Users of this standard should apply one system of 
units consistently and not alternate between units. 

A.3.2.1 Approved. The National Fire Protection Association 
does not approve, inspect, or certifY any installations, proce­
dures, equipment, ot- materials; nor does it approve or evaluate 
testing laboratories. In determining the acceptability of installa­
tions, procedures, equipment, or materials, the authority 
having jurisdiction may base acceptance on compliance with 
NFPA or other appropriate standards. In the absence of such 
standards, said authority may require evidence of proper instal­
lation, procedm-e, or use. The authority having jm·isdiction 
may also refer to the listings or labeling practices of an organi­
zation that is concerned with product evaluations and is thus in 
a position to determine compliance with appropriate standat·ds 
for the current production oflisted items. 

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase 
"authority having jurisdiction," or its acronym AHJ, is used in 
NFPA documents in a broad mannet� since jurisdictions and 
approval agencies vary, as do their responsibilities. vVhere 
public safety is primary, the authority having jurisdiction may 
be a federal, state, local, or other regional department or indi­
vidual such as a fire chief; fire marshal; chief of a fire preven­
tion bureau, labor department, or health department; building 
official; electrical inspector; or others having statutory author­
ity. For insurance purposes, an insurance inspection depart­
ment, t·ating bureau, or other insurance company 
representative may be tl1e authority having jurisdiction. In 
many circtunstances, the property owner or his or her designa­
ted agent assumes the role of the authority having jurisdiction; 
at government installations, the commanding officer or depart­
mental official may be the authority having jurisdiction. 

A.3.2.3 Listed. The means for identifying listed equipment 
may vary for each organization concerned with product evalua­
tion; some organizations do not recognize equipment as listed 
unless it is also labeled. The authot·ity having jmisdiction 
should utilize the system employed by the listing organization 
to identifY a listed product. 
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Table A.l.l.l (a) Physical Properties of Halocarbon Agents (U.S. Units) 

HCFC HFC 
Physical Property Units FIC-1311 FK-5-1-12 Blend A Blend B HCFC-124 HFC-125 HFC-227ea HFC-23 HFC-236fa HB-55 

Molecular weight N/A 195.9 316.o4 92.9 99.4 136.5 120.0 170 70.01 152 184.72 
Boiling point at OF -8.5 120.2 -37 -14.9 10.5 -54 2.4 -115.6 29.5 69.3 

760 mm Hg 
Freezing point OF -166 -162.4 161 -153.9 -326 -153 -204 -247.4 -153.4 -161 
Critical OF 252 335.6 256 219.9 252.5 150.8 214 79.1 256.9 319.8 

tern perature 
Critical pressure psi 586 270.44 964 588.9 527 525 424 700 464.1 419.4 
Critical volume ft3/lbm 0.0184 0.0251 0.028 0.031 0.0286 0.0279 0.0280 0.0304 0.02905 0.0307 
Critical density lbm/ft3 54.38 39.91 36 32.17 34.96 35.81 35.77 32.87 34.42 32.6 
Specific heat, Btu/lb-°F 0.141 0.2634 0.3 0.339 0.271 0.354 0.281 0.987 0.3012 0.2800 

liquid at 77°F at 
68°F 

Specific heat, Btu/lb-°F 0.86 0.2127 0.16 0.203 0.18 0.19 0.193 0.175 0.201 0.2033 
vapor at at 
constant 68°F 
pressure 
(1  arm) 
and 77°F 

Heat of Btu/lb 48.1 37.8 97 93.4 71.3 70.5 56.6 103 68.97 62.23 
vaporization at 
boiling point 

Thermal Btu/hr-fr- 0.04 0.034 0.052 0.0478 0.0395 0.0343 0.034 0.0305 0.0421 0.0390 
conductivity of OF 
liquid at 77°F 

Viscosity, liquid at lb/ft-hr 0.473 1.27 0.508 0.485 0.622 0.338 0 .. 579 0.107 0.6906 1.214 
77oF 

Relative dielectric N/A 1.41 at 2.3 at 1.32 at 1.014 at 1.55 at 0.955 2 at 1.04 at 1.0166 at N/A 
strength at 77°F 77°F 77°F 77°F 77°F at 77°F 77°F 77°F 
I aun at 70°F 
734 mm Hg, (N2 
= I) 

Solubility of water wt% 0.01 at <0.001 0.12 at 0.11 at 770 at 770 at 0.06 at 500 at 740 at N/A 
in agent 70°F at 70°F 70°F 77°F 77°F 70°F 50°F 68°F 

70°F 

Table A.l.l.1(b) Physical Properties of Inert Gas Agents (U.S. Units) 

Physical Property Units IG-01 IG-100 IG-541 IG-55 

Molecular weight N/A 39.9 28.0 34.0 33.95 
Boiling point at 760 mm Hg oy -302.6 -320.4 -320 -310.2 
Freezing point o y -308.9 -346.0 -109 -327.5 
Critical temperature oy -188.1 -232.4 N/A -210.5 
Ct-itical pressure psi a 7 1 1  492.9 N/A 602 
Specific heat, vapor at constant Btu/lb °F 0.125 0.445 0.195 0.187 

pressure (1 attn) and 77"F 
Heat of vaporization at boiling point Btu/lb 70.1 85.6 94.7 77.8 
Relative dielectric su-ength at N/A 1.01 1.0 1.03 1.01 

1 atm at 734 mm Hg, 77°F (N2 = 1.0) 
Solubility of water in agent at 77"F N/A 0.006% 0.0013% 0.015% 0.006% 
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Table A.l.l.l (c) Physical Properties of Halocarbon Agents (SI Units) 

HCFC HFC 
Physical Property Units FIC-13Il FK-5-1-12 Blend A Blend B HCFC-124 HFC-125 HFC-227ea HFC-23 HFC-236fa HB-55 

Molecular weight N/A 195.91 316.04 92.90 99.4 136.5 120 170 70.01 152 184.72 
Boiling point at oc -22.5 49 -38.3 -26.1 -12.0 -48.1 -16.4 -82.1 -1.4 20.7 

760 mm Hg 
Freezing poim ·c - l l O  -108 <107.2 -103 -198.9 -102.8 -131 -155.2 -103 -107 
Critical oc 122 168.66 124.4 101.1 122.6 66 101.7 26.1 124.9 159.2 

temperature 
Critical pressure kPa 4041 1865 6647 4060 3620 3618 2912 4828 3200 2892 
Critical volume cc/mole 225 494.5 162 198 243 210 274 133 276* 354.2 
Critical density kg/m3 871 639.1 577 515.3 560 574 621 527 551.3 521.6 
Specific heat, �J/kg - ·c 0.592 at 1.103 at 1.256 at 1.44 at 1.153 at 1.407 at 1.184 at 4.130 at 1.264 at 1.1717 

liquid at 2.;•c 2.;•c 25•c 25•c 25•c 25•c 25°C 25·c 20°C 25°C 
Specific heat, vapor kj/kg - oc 0.3618 at 0.891 at 0.67 at 0.848 at 0. 742 at 0.797 at 0.808 at 0.731 at 0.840 at 0.8512 

at constant 25•c 25•c 25•c 25•c 25•c 25°C 25•c 2o•c 25•c 
pressure (1 ann) 
and 25°C 

Heat of kj/kg 112.4 88 225.6 217.2 165.9 164.1 132.6 239.3 16().4 144.5 
vaporization at 
boiling point 

Thermal W/m - ·c O.o7 0.059 0.09 0.082 0.0684 0.0592 0.069 0.0534 0.0729 0.0675 
conducth�ty of 
liquid at 25°C 

Viscosity, liquid at centipoise 0.196 0.524 0.21 0.202 0.257 0.14 0.184 0.044 0.286 0.502 
25•c 

Relative dielectric N/A 1.41 at 2.3 at 1.32 at 1.014 at 1.55 at 0.95.') at 2 at 25°C 1.04 at 1.0166 at N/A 
strengd1 at 25•c 25•c 25•c 25·c 25•c 21 oc 25°C 25°C 
1 atrn at 
734 mm Hg 
(N2 = 1.0) 

Solubility of water ppm 1.0062% <0.001 0.12% by 0.11% by 700 at 700 at 0.06% by 500 at 740 at N/A 
in agent by weight weight 25·c 25·c weight 10°C 2o·c 

weight 

Table A. I. I. I (d) Physical Properties of Inert Gas Agents (SI Units) 

Physical Property Units IG-01 IG-100 IG-541 IG-55 

Molecular weight N/A 39.9 28.0 34.0 33.95 
Boiling point at 760 mm Hg ·c -189.85 -195.8 -196 -190.1 
Freezing point ·c -189.35 -210.0 -78.5 -199.7 
Critical temperature ·c -122.3 -146.9 N/A -134.7 
Ct-itical pt·essure kPa 4,903 3,399 N/A 4,150 
Specific heat, vapor at constant kJ/kg•c 0.519 1.04 0.574 0.782 

pressure ( 1  atm) and 25•c 
Heat of vaporization at boiling point kJ/kg 163 199 220 181 
Relative dielectric strength at N/A 1.01 1.0 1.03 1.01 

1 atm at 734 mm Hg, 25°C (N2 = 1.0) 
Solubility of water in agent at 25°C N/A 0.006% 0.0013% 0.()15% 0.006% 
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A.3.3.1 Abort Switch. The effect of an abort switch is typically 
a progmmmable configuration of the relea�ing panel, such that 
any of several modes of operation can be used. Typical options 
include the following: 
( 1 )  Engaging the abort switch pauses the countdown for as 

long as the switch remains engaged. The countdown 
resumes when the switch is released. 

(2) Engaging the abort switch resets the timer to a predeter­
mined value (e.g., the initial value or 30 seconds) and 
pauses the countdown for as long as the switch remains 
engaged. The countdown restarts when the switch is 
released. 

(3) Engaging the switch permits the timer to continue count­
ing down until it reaches a predetermined value (e.g., 
10 seconds), then it pauses for as long as the switch 
remains engaged. The countdown t-esumes from the 
predetermined value when the switch is released. 

vVhere an abort switch is installed, the selected mode should 
be approved by the authority having jurisdiction. (See Section 9. 6 
and 10.6.14.) 

A.3.3.7 Clean Agent. The word agent as used in this document 
means clean agent unless otherwise indicated. 

A.3.3.10 Deep-Seated Fire. A characteristic of this type of 
combustion is the slow rate of heat losses fi·om the reaction 
zone. Thus, the fuel remains hot enough to react with oxygen, 
even though the rate of reaction, which is controlled by diffu­
sion processes, is extremely slow. Deep-seated fires can 
continue to bum for many weeks, for example, in bales of 
cotton and jute and heaps of sawdust. A deep-seated fire ceases 
to burn only when either all the available oxygen or fuel has 
been consumed or the fuel surface is at too low a temperature 
to react. 

A deep�eated fire is not subject to immediate extinguish­
ment. Deep-seated fires usually are extinguished by reducing 
the fi.lel temperature, either directl y by application of a heat­
absorbing medium, such as watet� or by blanketing with an 
inert gas. The medium slows the reaction t-are to the point 
where heat generated by oxidation is less than heat losses to 
surroundings. This causes the temperature to fall below the 
level necessary for spontaneous ignition aftet· removal of the 
inert atmosphere. 

A.3.3.11.1  Final Design Concentration (FDC). The FDC is 
equal to or greater than the minimwn design concentration. 

A.3.3.11.3 Minimum Design Concentration (MDC). This term 
is also referred to as simply design concentration throughout this 
document. When determining the duration of protection it is 
85 percent of the MDC that must be held for the duration of 
the retention time (see Section 7.4). 

A.3.3.11.4 Minimum Extinguishing Concentration (MEC). For 
Class C fires where the protected equipment is energized at less 
than 480 volts, the MEC is taken to be the Class A MEC. 

A.3.3.17 Halocarbon Agent. Examples are hydrofluorocar­
bons (HFCs), hydrochlorofluorocarbons (HCFCs), perfluoro­
carbons (PFCs or FCs), fluoroiodocarbons (FICs), and 
fluoroketones (FKs). 
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A.3.3.18 Impairment. Temporarily shutting down a clean 
agent system as part of perfonning the routine inspection, test­
ing, and maintenance on that system while under constant 
attendance by qualified personnel, and where the system can 
be restored to service quickly, should not be considered an 
impairment. 

A.3.3.31 Normally Occupied Enclosure or Space. Areas 
considered not nonnally occupied include spaces occasionally 
visited by personnel, such as u·ansformer bays, switch houses, 
pump rooms, vaults, engine test stands, cable u·ays, tunnels, 
microwave relay stations, flammable liquid storage areas, and 
enclosed energy systems. 

A.4.2 Clean agent fire-extinguishing systems are useful within 
d1e limits of this standard for extinguishing fires in specific 
hazards or equipment and in occupancies where an electrically 
nonconductive medium is essential or desirable or where 
cleanup of othet- media presents a pmblem. 

Total-flooding clean agent fire-extinguishing systems are 
used primarily to protect hazards that are in enclosures or 
equipment that, in itself, includes an enclosure to contain the 
agent. Some typical hazards that could be suitable include, but 
are not limited to, the following: 
( 1 )  Electrical and electronic hazards 
(2) Subfloors and other concealed spaces 
(3) Flammable and combustible liquids and gases 
(4) Other high-value assets 
(5) Telecommunications ta.cilities 

Clean agent systems could also be used for explosion preven­
tion and suppression where flammable materials could collect 
in confined areas. 

A.4.2.3 This provision pt·ovides consideration for using a clean 
agent in an environment that could result in an inordinate 
amount of products of decomposition (e.g., within an oven). 

A.4.2.4 Infonnation can be found in the following references: 
( 1 )  Brian P. Rawson and Kent C. Green, "Inert Gas Data 

Center Fire Protection and Hard Disk Drive Damage," 
Data Centerjaumal, August 27, 2012 (http:/ /www.datacen­
terjournal.com/i t/ inert-gas-data-center-fire-protection­
and-hard-disk-drive-damage/). 

(2) Eurofeu, "Fixed Extinguishing Installation Section, Guid­
ance paper on Impact of noise on Computer hard drives," 
October 2012. 

(3) FSSA V1lhite Papet� "Effect of Sound Waves on Data Stor­
age Devices," Fire Suppression Systems Association, Balti­
more, MD, 2018. 

(4) Juan jose Merlo Latorre, "Hard Drive Damage," Industrial 
F'i7·ejournal, Autumn 2013, issue no. 93, pp 12-14. 

(5) Sandahl, D., A. Elder, and A. Bamard, "Impact of Sound 
on Computer Hard Disk Drives and Risk Mitigation Mea�­
ures,"Johnson Controls Form No. T-2016367-01 ,  2018. 

(6) Section D.3 of NFPA 75. 
(7) Siemens \<\lhite Paper, "Potential damage to hard disk 

drives during discharges of dry extinguishing systems," 
Siemens, September 2012. 
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A.4.3 Potential hazards to be considered for individual systems 
are the following: 
( l )  Noise. Discharge of a system can cause noise loud enough 

to be startling but ordinarily insufficient to cause u·au­
matic injury. 

(2) 11.n·bttlence. High-velocity discharge from nozzles could be 
sufficient to dislodge substantial objects directly in the 
path. System discharge can cause enough general mrbu­
lence in the enclosures to move unsecured paper and 
light objects. 

(3) 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 bums to the skin. 
The liquid phase vaporizes rapidly when mixed with air 
and thus limits the hazard to the immediate vicinity of the 
discharge point. In humid atmospheres, minot· reduction 
in visibility can occur for a brief period due to the 
condensation of water vapor. 

A.4.3.1 The discharge of clean agent systems to extinguish a 
fire could create a hazard to personnel from the namral form 
of the clean agent or from the products of decomposition that 
result from exposm·e of the agent to the fire or hot surfaces. 
Unnecessary exposure of personnel either to the namral agent 
or to the decomposition products should be avoided. 

The SNAP Program was originally outlined in the Federal 
Register, "EPA SNAP Program." 

A.4.3.2 See Section B. l for information on the toxicological 
effects of halocarbon agents. 

A.4.3.2.3 One ol�ective of pre-discharge alarms and time 
delays is to prevent human exposure to agents. 

A.4.3.3 See Section B.2 for information on the physiological 
effects of inert gas agents. 

A.4.3.3.3 One objective of pre-discharge alarms and time 
delays is to prevent human exposure to agents. 

A.4.3.4 Many smdies have been conducted and technical guid­
ance has been published regarding occupant egress time 
prediction. One source of such information is the SFPE Hand­
book of Fire Protection }.ngineering, 5th edition. Various 
approaches are described, which can be used by the designer 
to calculate the available safe egress time (ASET) from a space 
protected by a clean agent extinguishing system. The ASET 
value can then be compared to required safe egress time 
(RSET), which is the maximum allowed exposme time limit in 
4.3.2 and 4.3.3. The ASET value should be less than the RSET 
value. If the ASET value is initially determined to be equal to or 
exceed tl1e RSET value, egress facilities should be modified so 
that the ASET value is less than the RSET value. Alternatively, 
an egress smdy involving the time recording of an actual egress 
simulation in the protected space is considered an acceptable 
means of verifYing compliance with the maximum allowed 
exposure time limits. 

A.4.3.5 The steps and safeguards necessaty to prevent injmy 
or deatl1 to personnel in areas whose am1ospheres will be made 
hazardous by the discharge or thermal decomposition of clean 
agents can include the following: 

(1) Provision of adequate aisleways and routes of exit and 
procedures to keep them clear at all times. 
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(2) Provision of emergency lighting and directional signs as 
necessary to ensure quick, safe evacuation. 

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

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

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

(6) Provision of warning and instruction signs at entrances 
to and inside such areas. These signs should infonn 
persons in or entering the protected area that a clean 
agent system is installed and should contain additional 
instructions pertinent to the conditions of tl1e hazard. 

(7) Provision for the prompt discovety and rescue of 
persons rendered unconscious in such areas. This 
should be accomplished by having such areas searched 
immediately by trained personnel equipped with proper 
breathing equipment. Self-contained breathing equip­
ment and personnel trained in its use and in rescue 
practices, including artificial respiration, should be read­
ily available. 

(8) Provision of instntction and dt·ills for all personnel 
within or in tl1e vicinity of such areas, including mainte­
nance or construction people who could be brought 
into the area, to ensure theit· correct action when a clean 
agent system operates. 

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

(10) Prohibition against smoking by pet·sons until the aUnos­
phere has been determined to be free of the clean 
agent. 

( 11) Provision of such other steps and safeguards that a care­
ful study of each particular situation indicates is neces­
sary to prevent it"timy or deaili. 

A.4.3.6 A certain amount of leakage fi·om a protected space to 
adjacent areas is anticipated dw·ing and following agent 
discharge. Consideration should be given to agent concentra­
tion (when above NOAEL), decomposition products, products 
of combustion, and relative size of adjacent spaces. Additional 
consideration should be given to exhaust paths when opening 
or venting the enclosure after a discharge. 

A.4.3.7 In applying this provision of the standard, it is impor­
tant to understand ilie relationship between agent concentra­
tion and egress time. The agent concenu·ation permitted for 
human exposure is linked to the amount of time for which a 
person could be exposed to the agent concentration. For 
example, exposure to an HFC-227ea concenu·ation up to and 
including 10.5 percent is permitted if the maximum exposure 
time (egress time) is limited to not more than 5 minutes, but 
exposure to a concenu·ation of 11 percent would be permitted 
only if the exposure time could be limited to not more than 
1.13 minutes. Similarly, exposure to an inert gas agent concen­
tration up to 43 percent is pennitted if the exposure time is 
limited to not more than 5 minutes, while exposure to a 
concentration up to 52 percent is permitted only if the expo­
sure time is limited to not mot·e than 3 minutes. 



ANNEX A 2001-39 

A.4.3. 7.1 Inert gases used to operate pre-clischarge alarms Table A.4.6 Potential Environmental Impacts 
include inert gas clean agents, niu·ogen, and carbon dioxide. 

A.4.5.5 Electrostatic charging of ungrow1ded conductors 
could occur during the discharge of liquefied gases. These 
conductot·s could dischat·ge to other objects, causing an elec­
u·ic arc of sufficient energy to initiate an explosion. 

While an attractive feature of these agents is their suitability 
for use in environments containing enet·gized elecu·ical equip­
ment without damaging d1at equipment, in some instances the 
electrical equipment could be the source of ignition. In such 
cases, the energized equipment should be de-energized prior 
to or during agent discharge. 

See NFPA 77. 

A.4.6 Many factors impact the environmental acceptability of 
a fire suppression agent. Unconu·olled fires pose significant 
impact by themselves. All extinguishing agents should be used 
in ways that eliminate or minimize the potential environmental 
impact (see Table A.4.6). General guidelines to be followed to 
minimize this impact include the following: 
( 1 )  Not performing unnecessary discharge testing 
(2) Considering the ozone depletion and global warming 

impact of the agent under consideration and weighing 
those impacts against the fire safety concerns 

(3) Recycling all agents where possible 
( 4) Consulting the most recent environmental regulations on 

each agent 

The unnecessary emission of clean extinguishing agents with 
non-zem ODP, non-zero GvVP, or both should be avoided. All 
phases of design, installation, testing, and maintenance of 
systems using these agents should be performed with the goal 
of no emission into the environment. 

GVI'P is a measure of how much a given mass of greenhouse 
gas is estimated to conu·ibute to global warming. It is a relative 
scale that compat·es the gas in question to the same mass of 
carbon dioxide whose GWP is by convention equal to 1 .  

It is important to understand that the impact of a gas on 
climate change is a function of both the GWP of the gas and 
the amount of the gas emitted. 

The ODP of an agent provides a relative comparison of the 
ability to react with ozone at altitudes within the stratosphere. 
ODP values are reported relative to the same mass CFC- 1 1 ,  
which has an ODP equal to 1 .  When the environmental profile 
of a compound is considered, both the ODP and the G\1\/P 
values should be considered to ensure that the agent selected 
complies with all local and regional regulations balanced with 
end user specifications. Good independent resources for envi­
ronmental properties in terms of GWP and ODP of clean agent 
alternatives are available from the Montreal Protocol and the 
Intergovernmental Panel on Climate Change (IPCC). 

A.4.8.1 It is generally believed that, because of the highly 
stable nature of the compounds that are derived fi·om the fami­
Lies that include halogenated hydrocarbons and inert gases, 
incompatibi.lity will not be a problem. These materials tend to 
behave in a similar fashion, and, as far as is known, the reac­
tions that could occur as the result of the mixing of these mate­
rials within the container is not thought to be a real 
consideration with regard to their application to a fire protec­
tion hazard. 

GWP 
Agent (IPCC 2013) ODP 

FIC-13!1 s 1  0* 

FK-5-1-12 <1 0 

HCFC Blend A 1500 0.048 

HFC Biend B 1 400 0 

HCFC-124 527 0.022 

HFC-125 3170 0 

HFC-227ea 3350 0 

HFC-23 12,400 0 

HFC-236fa 8060 0 

IG-01 0 0 

IG-100 0 0 

IG-54 1 0 0 

IG-55 0 0 

HB-55 1 0.000 

Note: GWP is reponed over a 10()-year integrated time honzon. 
*Agent might have a non-zero ODP if released at altimdes high above 
ground level. 

It clearly is not the intent of 4.8.1 to deal with compatibility 
of the agents with components of the extinguishing hardware 
nor to deal with the subject of storability or storage life of indi­
vidual agents ot· mixtures of those agents. Each of these 
concerns is addressed elsewhere in this standard. 

A.5.1.1.2 An additional complement of charged cylinders 
(connected reserve) manifolded and piped to feed into the 
automatic system should be considered on all installations. The 
reserve supply is normally acntated by manual operation of the 
main/reserve switch on either electrically opet·ated or pneu­
matically operated systems. A connected reserve is desirable for 
the following reasons: 
(1) It provides protection should a reflash occur. 
(2) It provides reliability should the main bank malfunction. 
(3) It provides pmtection during impait·ed protection when 

main tanks are being replaced. 
(4) It 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 if the empty cylinder cannot be recharged, deliv­
ered, and reinstalled within 24 hours, a third complement of 
fully charged, nonconnected spare cylinders should be consid­
ered and made available on the premises for emergency use. 
The need for spare cylinders could depend on whether the 
hazard is under the protection of automatic sprinklers. 
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A.5.1.2 The normal and accepted procedures for making 
these quality measurements ar-e provided in international 
standards (e.g., ASTM, Air-conditioning Heating and Refrigera­
tion Institute) or by the chemical manufacturer. Refer to the 
Code of Practice f!Jr U5e of Recycled Halogenated Clean Agents for 
additional information. 

A.5.1.2.3 The NFPA 2001 purity specifications and cardiac 
sensitization NOAEL help to address the safety of agents inclu­
ded in the standard. Historically, the w1stated safety assump­
tions have been as follows: 
( 1)  The NOAEL for cardiac sensitization will be protective 

for all other end points of acute toxicity. 
(2) 99 percent purity precludes the presence of impurities 

that could impact the NOAEL for agent acute toxicity. 

However, there are some impurities that, when present at 
less than 1 percent by weight in the liquid agent, could result in 
acute toxicity at agent concenu-ations below the NOAEL for 
cardiac sensitization. Hexafluoropropylene (HFP) thermody­
namic and kinetic dimers are examples of such impurities. For 
these dimers, a 5-minute exposw-e to a concenu-ation in air 
greater than 10 ppm by volume for the HFP thermodynamic 
dimer or greater than 300 ppm by volume for the HFP kinetic 
dimer could cause toxicological effects. fMaranion, 2020] For 
FK-5-1-12 at a use concentration of 10 percent by volume in air, 
these levels would translate to 95 ppm (0.0095 per-cent) by 
weight in the liquid agent for the thermodynamic dimer and 
2850 ppm (0.2850 percent) by weight in the liquid agent for 
the kinetic dimer. 

Reference: Maranion, B., Memo to the NFPA 2001 Technical 
Committee, "Re: Section 5/1/2 Second Draft Public Comment 
#23," US Environmental Protection Agency, October 6, 2020. 

A.5.1.3.2 Storage containers should not be exposed to a fire in 
a manner likely to impair system performance. 

A.5.1.4.1 Containers used for agent stNage should be fit for 
the purpose. Materials of consu-uction of the container, 
closures, gaskets, and other components should be compatible 
with the agent and designed for the anticipated pressures. Each 
container is equipped with a pressure relief device to protect 
against excessive pressure conditions. 

The variations in vapor pr·essw·e with temperature for the 
various clean agents are shown in Figure A.5. 1 .4.1 (a) through 
A.5. 1 .4.1 (n) . 

For halocar-bon clean agents, the pressure in the container is 
significantly affected by fill density and temperature. At eleva­
ted temperatures, the rate of increase in pressure is very sensi­
tive to fill density. If the maximum fill density is exceeded, the 
pressure will increase rapidly with temperature increase and 
present a hazard to personnel and property. Therefore, it is 
important that the maximum fill density limit specified for 
each liquefied clean agent not be exceeded. Adherence to the 
limits for fill density and pressurization levels specified in Table 
A.5. 1 .4.1 should prevent excessively high pressures fi·om occur­
ring if the agent container is exposed to elevated temperatures. 
Adherence to the limits will also minimize the possibility of an 
inadvertent discharge of agent through the pressure relief 
device. The manufacturer should be consulted for superpressu­
rization levels other than those shown in Table A.5.1.4.1.  
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Annex F discusses the effects of temperamre changes on 
superpr-essurized vapor·izing-liquid agents. 

\t\Tith the exception of inert gas-type systems, all the other 
clean agents are classified as liquefied compressed gases at 700F 
(21 °C). For these agents, the pressure in the container is signif­
icantly 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 pres­
sure \\Till increase rapidly \'lith temperature increase and 
present a hazard to personnel and property. Therefore, it is 
important that the maximum fill density limit specified fix 
each liquefied clean agent not be exceeded. Adherence to the 
limits for fill density and pressurization levels specified in Table 
A5.1.4.1 should prevent excessively high pressures from occur­
ring if the agent container is exposed to elevated temperatures. 
Adherence to the limit� will also minimize the possibility of an 
inadvertent discharge of agent thr-ough the pressure r-elief 
device. The manufacturer should be consulted for superpressu­
rization levels other than those shown in Table A.5. 1 .4. 1 .  

A.5.1.4.2 Although i t  is not a requirement of 5.1 .4.2, all new 
and existing halocarbon agent storage containers should be 
affixed with a label advising the user that the product in ques­
tion can be returned for recovery and recycling to a qualified 
recycler when the halocarbon agent is no longer needed. The 
qualified recycler can be a halocarbon agent manufacturer, a 
fire equipment manufacturer, a fire equipment distributor or 
installer, or an independent commercial venmre. It is not the 
intent to set down specific requirements but to indicate the 
factors that need to be taken into consider-ation \'lith regard to 
recycling and reclamation of the halocarbon agent products, 
once facilities are available. As more information becomes 
available, more definitive requirements can be set forth in this 
section regarding quality, efficiency, recovery, and qualifica­
tions and certifications offacilities recycling halocarbon agents. 
Currently, no such facilities exist that would apply to the halo­
carbon agents covered by this document. 

Inert gas agents need not be collected or recycled. 

A.5.1.4.5 For refillable halocarbon agent containers, an LLI 
can be considered, where available from the system manufac­
turer. The LLI provides the means to safely determine the 
quantity of halocarbon agent in accordance with the r-equire­
ments of 1 1 .3.1 \vithout lifting or moving the container. 

A.5.1.4.6(2) Inert gas agent� are single-phase gases in storage 
and at all times dming discharge. 

A.5.1.4.7 The use of environmental conu-ols should be consid­
ered when the storage location for clean agent system contain­
ers is subject to conditions outside of the storage temperatme 
limits stated in the listed manual for the clean agent system. 
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Table A.5.1.4.1 Storage Container Characteristics 

Extinguishing 
Agent 

FK-5-1-12 
HCFC Biend A 
HCFC-124 
HFC-125 
HFC-227ea 
HFC-23 
FIC-1311 
IG-01 
IG-100 (300) 
IG-100 (240) 
IG-100 ( 1 80) 
IG-541 
IG-541 (200) 
IG-55 (2222) 
IG-55 (2962) 
IG-55 (4443) 
HFC Biend B 
HB-55 
HB-55 

Maximum Fill Density 

(lb/ft3) 

90 
56.2 
71 
58 
72 
54 

104.7 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

58 
81.5 
81.0 

Minimum Container 
Design Level Working 

Pressure (Gauge) 
(psi) 

500 
500 
240 
320 
500 
1800 
500 

2120 
3600 
2879 
2161 
2015 
2746 
2057 
2743 
4 1 1 4  
400 
500 
500 

For SI units, I lb/ft3 = 16.018 kg/m3; 1 psi = 6895 Pa; oc = (°F- 32)/1.8. 
Notes: 

Total Gauge Pressure 
Level at 70oF 

(psi) 

360 
360 
195 

166.4a 
360 

608.9a 
360 

2370 
4061 
3236 
2404 
2175 
2900 
2222° 
2962" 
4443d 
195< 
360 
500 

(1 )  The maximum fill density requirement is not applicable for IG-541. Cylinders for IG-541 are DOT 3A or 
3AA and are stamped 2015 or greater. 
(2) Total pressure level at 700F (21 oC) is calculated from the follo"�ng filling conditions: 

IG-lOO (300): 4351 psi (30.0 MPa) and 95°F (35°C) 
IG-100 (240): 3460 psi (23.9 MPa) and 95°F (35°C) 
IG-100 (180): 2560 psi (17.7 MPa) and 95°F (35°C) 
IG-55 (2222): 2175 psi (15 MPa) and 59°F ( l 5°C) 
IG-5.5 (2962): 2901 psi (20 MPa) and .59°F ( l 5°C) 
IG-55 (4443): 4352 psi (30 MPa) and 59°F (15°C) 

" Vapor pressure for HFC-23 and HFC-125. 
h Cylinders for lG-55 are stamped 2060. 
c Cylinders for IG-55 are DOT 3A or 3AA stamped 2750 or greater. 
d Cylinders tor IG-55 are DOT 3A or 3AA stamped 4120 or greater. 
c Vapor pressure of agent. 

2001-41 
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1200 

1000 

-- psi at 94 lb/ft3 
-x- psi at 1 0 5 1 b/ft3 

� o�---+----�--��--� 
-50 0 50 100 150 

Temperature (°F) 

200 

Note: CF31 pressure versus temperature at 94 lb/ft3 and 105 lb/tt3 

80 

1 0  

(1)  u.s. 

-- P(bar) at 1467 kg!m3 
....,..... P(bar) at 1677 kg!m3 

�--�- o�---r--�----+---�--� 
-40 -20 0 20 40 

Temperature (0C} 
60 80 100 

Note: CF31 pressure versus temperature at 1467 kg/m3 and 1 677 kg/m3 

(2) Sl 

FIGURE A.5.1.4.l(a) Isometric Diagram of FIC-1311. 
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A.5.2.1 Piping should be installed in accordance with good 
commercial practice. Care should be taken to avoid possible 
restrictions due to foreign mattet� faulty fabrication, or 
improper installation. 

The piping system should be securely supported with due 
allowance for agent thrust forces and thermal expansion and 
contraction and should not be subjected to mechanical, chemi­
cal, vibration, or other damage. ASME B31.1,  Power Piping Code, 
should be consulted for guidance on this matter. Where explo­
sions are likely, the piping should be attached to supports that 
are least likely to be displaced. 

A.5.2.1.1 Paragraph 5.2. 1 . 1  requires that "the thickness of the 
piping shall be calculated in accordance with ASME B31.1 ."  To 
comply with this requirement, the guidelines found in the 
FSSA Pipe Design Guide for Use with Special Hazm·d Fire Suppression 
Systems should be followed. The FSSA Pipe Design Guide for Use 
with Special Hazm·d Fi-re Supp1-ession Syste·ms provides guidance on 
how to apply ASME B31.1 in a uniform and consistent manner 
in the selection of acceptable types of pipe and tubing used in 
special hazard fit·e suppression systems. ASME B31.1 allows the 
pressure to exceed the maximum design pressure, provided it 
is for short operating periods. Clean agent piping systems are 
not subjected to continuous pressurization. vVhen discharge 
times are less than 60 minutes in duration, NFPA 2001 allows 
the yield stress factors (SE) published in ASME B31.1 to be 
increased by 20 percent when calculating the pipe thickness. 

A.5.2.1.6 Design of closed sections of pipe should follow the 
guidelines in Section 5 of the FSSA Pipe Design Guide for Use with 
Special Hazm·d Fi·m Suppression Systems. 
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Table A.5.2.2.2(a) Piping Systems Fittings 

Pressure in Agent 
Container at 70°F (21 •q Fitting Minimum 

(up to and including) Design Pressure a Maximmn Pipe 
Clean Agent psi kPa psi kPa Minimum Acceptable Fittings Size (NPS) 

All halocarbon agents 360 2,482 432 2,979 Class 300 threaded malleable iron 3 in. 
(except HFC-23) Class 300 d1readed ductile iron All 

Groove type fittingsb 6 in. 
Class 300 flanged joints All 

600 4,137 820 5,654 Class 300 d1readed malleable iron 4 in. 
Class 2,000 threaded/welded forged All 

steel 
Class 400 flanged joint All 

HFC-23 609 4,199 1,746 12,038< Class 300 ilireaded malleable iron 1 in. 
Class 2,000 Lhreaded/welded forged All 

steel 
Class 600 flanged joint All 

IG-541 2,175 14,997 2,175 14,997 Class 3,000 Lhreaded/welded forged All 
steel 

Upstream of the Cia% l ,500 flanged joint All 
pressure reducer 

Downstream of the -rl -rl 

pressure reducerd 

2,900 19,996 2,900 19,996 Class 3,000 Lhreaded/welded forged All 
steel 

Upsn·eam of the Class 1,500 flanged joint All 
pressure reducer 

Downstream of the -rl _d 

pressure reducerd 

4,503 31,047 4,503 31 ,047 Class 6,000 Lhreaded/welded All 
forged steel joint 

Class 2,500 flanged joint All 
IG-01 2,370 16,341 2,370 16,341 Class 3,000 threaded/welded forged All 

steel 
Upstream of the Class l ,500 flanged joint All 

pressure reducer 
Downstream of the -rl _d 

pressure reducerd 

2,964 20,346 2,964 20,346 Class 3,000 threaded/welded forged All 
steel 

Upstream of the Class 1 ,500 flanged joint All 
pressure reducer 

Downsu·eam of the -rl -d 

pressure reducer 
4,510 31 ,097 4,510 31 ,097 Class 6,000 threaded/welded forged AJJ 

steel 
Upsn·eam of the Class 2,500 flanged joint 

pressure reducer 
Downstream of the d d 

pressure reducer 

IG-55 2,175 14,996 2,175 14 ,996 Class 3,000 threaded/welded forged All 
steel 

Upsn·eam of the Class 1 ,500 flanged joint All 
pressure reducer 

Downstream of the -rl _rl 

pressure reducerd 

2,900 19,995 2,900 19,995 Class 3,000 threaded/welded forged All 
steel 

(continues) 
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Clean Agent 

IG-100 

Notes: 

Continued 

Pressure in Agent 
Container at 70°F (21 •q 

(up to and including) 

psi kPa 

4,350 29,992 

2,404 16,575 

3,236 22,312 

4,061 28,000 

ANNEX A 

Fitting Minimwn 
Design Pressure • 

psi kPa 

Upstream of the 
pressure reducer 

Downstream of the 
pressure reducer0 
4,350 29,992 

Upstream of the 
pressure reducer 

Downstream of the 
pressure reducer" 

2,404 16,575 

Upstream of the 
pressure reducer 

Downstream of the 
pressure reducer" 
3,236 22,312 

Upstream of the 
pressure reducer 

Downstream of the 
pressure reducer" 
4,061 28,000 

Upstream of the 
pressure reducer 

Downstream of the 
pressure reducerd 

( 1 )  All fitting ratings shown are based on open-ended piping systems. 

Minimtun Acceptable Fittings 

Class 1 ,500 flanged joint 

_d 

Class 6,000 threaded/welded forged 
steel 

Class 2,500 flanged joint 

_rl 

Class 3,000 threaded/welded forged 
steel 

Class l ,500 flanged joint 

rl -

Class 6,000 threaded/welded forged 
steel 

Class l ,500 flanged joint 

rl -

Class 6,000 threaded/welded forged 
steel 

Class 2,500 flanged joint 

d -

2001-57 

Maxim tun Pipe 
Size (NPS) 

All 

_d 

AU 

All 

_d 

All 

All 

d -

All 

All 

rl -

All 

All 
rl -

(2) The materials in this table do not preclude the use of other materials and other types and styles of fittings that satisfy the requirements of 4.2.2.2 
and 4.2.2.3. 
" Minimum design pressures taken from Table 5.2.1.1.1 (a) and Table 5.2.1.1.1 (b). 
h Check with grooved fitting manufacturers for pressure ratings. 
c This value good for all fill densities up to 48 lb/ft3. 
d The minimum design pressure for fittings downstream of the pressure reducer should be determined by system flow calculations. Acceptable pipe 
fittings for several values of pressures downstream of the pressure reducer can be found in Table A.4.2.2 .2(b). 

A.5.2.5.5 The impingement of d1e extinguishing agent during 
a discharge can adversely affect me development of a homoge­
nous concentration throughout the protected space. The 
manufacmrer should be consulted for acceptable distances for 
the discharge nozzles from obstructions such as cable trays, hot 
aisle/ cold aisle containment su-uctures, duct wot·k, and so 
form. Where minimum distances cannot be achieved, the 
manufacntrer should be consulted to obtain agent loss calcula­
tions for the specific nozzle locations, and me necessary 
compensating quantity of agent should be added. 

A.6.1.2.5(28) "Specified enclosure pressure limit" is a value 
determined or estimated with confidence to be less d1an me 
enclosure pressure strength. It is not intended to necessarily be 
the same as me "enclosure pressure strengm" which would be 
determined by a SUllcmral engineering analysis. 

Guidance to determine "pressure relief vent area" can be 
found in me FSSA Application Guide to Estimating .tnclosunt Pres­
sure & Pressure Relief Vent Area for Use with Clean Agent Fire Extin­
guishingS)'stems. That guide can assist the designer in accurately 
determining the required information for inclusion on the 
working plans. 

A.6.2 The two types of system flow calculations are liquefied 
compressed gas flow calculations and inert gas flow calcula­
tions. 

Liquefied compressed gas flow calculations. Analyzing the behav­
ior of 1:\vo-phase agents in pipelines is a complex process with 
numerous methods. Two calculation methods are commonly 
used by fire protection professionals. The first is based on 
modifications to the HFLOW Method (DiNenno et al., 1995), 
completed in 1994, and me other is based on enhancement to 
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Table A.5.2.2.2(b) Piping Systems Fittings for Use in Inert Gas 

Systems Downstream of the Pressure Reducer 

Maximum Pressure 
Downstream 

of the Pressure 
Reducer 

at 70oF (21 °C) 
(up to and including) 

psi kPa 

1 ,000 6,895 

1 ,350 9,308 

1 ,500 10,343 

2,000 13,790 

Maximum 
Minimum Acceptable Pipe Size 

Fittings (NPS) 

Class 300 threaded 3 in. 
malleable iron 

Class 2,000 threaded/ All 
welded forged steel 

Class 600 flanged joint All 

Class 300 threaded 2 in. 
malleable iron 

Class 2,000 threaded/ All 
welded forged steel 

Class 600 flanged joint All 

Class 300 threaded 2 in. 
malleable iron 

Class 2,000 threaded/ All 
welded forged steel 

Class 900 flanged joint All 

Class 300 threaded 1 in. 
malleable iron 

Class 2,000 threaded/ All 
welded forged steel 

Class 900 flanged joint All 

the work of Hesson (Hesson, 1953) in 1953. Only those calcula­
tion methods that have been listed or approved should be used 
for design purposes. 

The modified HFLOW calculation method is based on major 
modifications by Elliot et a!. ( 1 984) of a calculation method 
called HFLOW, developed by the Jet Propulsion Laboratory. 
The revised method is capable of predicting the two-phase flow 
characteristics of clean agents ba�ed on their thermodynamic 
properties. This method can calculate the flow chat·acteristics 
of fire suppression agents across the wide range of real engi­
neering systems in reasonable time scales. 

To simplify the methodology, the following basic assump­
tions are made: 

( 1 )  The conditions i n  the cylinder (e.g., pressure, tempera­
mre, and composition) are solely functions of the initial 
conditions and the outage fraction (fraction of the initial 
charge mass having left the cylinder). This assumption 
effectively ignores the effect on the cylinder energy 
balance of the increased kinetic energy of the fluid leav­
ing the cylinder. 

(2) Quasi-steady flow exists. The average flow rate over a 
small time interval step is equal to the flow rate that 
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would exist if the cylinder conditions were held steady 
during that time step. 

(3) The heat transferred from the pipe walls to the flowing 
fluid is often insignificant. 

(4) The flow through the pipe network is homogeneous. 
Liquid flow and vapor flow through the piping are at the 
same velocity and evenly dispersed. 

Calculation cannot be done without adequate manufactur­
er's hardware data. This data includes dip tube and manifold 
equivalent lengths and nozzle discharge coefficients. 

Required input data include cylinder volume, valve and dip 
tube equivalent lengths, agent mass and temperature, pipe 
length and diameter, elevation, fittings, nozzle area, and 
discharge coefficients. Output data for each node (e.g., pipe, 
cylinder, or nozzle) include pressure, temperature, component 
fi-action, phase distribution, mass flow rate, and velocity. 

Due to its complexity, the HFLOW method does not lend 
itself to hand calculation. 

The modified Hesson calculation methodology is a two­
phase flow method first developed by Hesson for calculating 
pressure drop along a pipeline flowing carbon dioxide. Hesson 
adapted Bernoulli's equation for ease of use with compressible, 
two-pha�e flow. It was refined by H.  V. Williamson and then 
Wysocki ( 1 996) for use with Halon 1301 and other clean 
agents. 

The two-phase flow method models the following tlu·ee basic 
flow conditions for a liquefied compressed gas discharge from 
a storage container: 

( 1 )  The initial transient discharge during which agent flows 
fi·om the container and cools the pipe 

(2) A quasi-steady state flow during which the agent is 
a�sumed to maintain a constant enthalpy (adiabatic) 
condition with constant mass flow rate 

(3) The final o-<msient discharge during which the two-pha�e 
flow is replaced by an essentially vapor discharge as the 
storage container empties 

The pressure drop during the qua�i-steady state .flow is 
based on the work of Hesson ( 1 953). The u-ansient conditions 
are modeled using standard thermodynamics. During testing of 
the tw�phase methodology with Halon 1301, mechanical sepa­
ration of the liquid and vapor phases due to centripetal forces 
was observed. This effect has been noted for every liquefied 
compressed ga� tested to date. The effect is not predicted by 
thermodynamics but was inferred from test data and confirmed 
using ultra-high-speed photography (HT Research Institute, 
1973). To accurately predict the quantity of agent discharge 
from each nozzle in a system, empirical corrections ba�ed on 
the degree of flow split, orientation of the tee junction, compo­
nent fraction, and phase distribution are developed for the 
specific liquefied compressed gas. 

The pressure drop calculation for the quasi-steady state flow 
using Hesson's adaption of Bernoulli's equation can be done 
by hand. The calculation of u-ansient conditions and the calcu­
lation of mechanical separation effects at tees, and their effect 
on pressure drop and quantity of agent discharged from each 
nozzle in an unbalanced system, require many complex itera­
tions. Manual calculation of these effects is not practical. 
Thet·efot·e, a listed and approved computer progt·am must be 
used for a complete calculation. 
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Required input data include cylinder volume, agent mass 
and temperature, valve and dip tube equivalent lengths, pipe 
lengths, elevation changes, fittings, and pre-discharge pipe 
temperanu·e. Most programs permit the user to specify either 
the required flow rate or the agent quantity for each nozzle or 
the "as-built" system condition. If flow rate or agent quantity is 
specified, the program will calculate the required pipe and 
nozzle diameters. If an "as-built" condition including pipe and 
nozzle diameters is specified, the program calculates system 
flow rates. In either case, pressure drop, discharge time, and 
quantity discharged from each nozzle are reponed. 

Inert gas flow calwlations. Inert gases present a problem in 
single-phase compressible flow. Many fluid dynamics hand­
books provide formulas for compressible gas flow that can be 
suitable for relatively simple pipe networks with short lengths 
of pipe. These formulas are inadequate to calculate systems 
using longer pipe lengths with complex configurations. 
Wysocki and Christensen (Wysocki et al., 1996) adapted the 
work of Hesson for use with single-phase compressible gases. 

Inert gas discharge from a cylinder into a pipe and nozzle 
network involves the following three stages: 

( 1 )  The initial transient phase as the gas flows into the pipe 
and fills the pipe up to the nozzles. There is a marked 
variation between the time at which various nozzles in an 
unbalanced pipe network begin discharging agent. 

(2) Full flow, during which all nozzles discharge agent. This is 
a dynamic condition during which the flow rates, agent 
temperatures, and pressure conditions constantly change. 

(3) Final u·ansient condition, during which the storage 
container and pipeline empty. Complex changes in flow 
rates at the individual nozzles take place. 

Flow in these systems is neither adiabatic nor isothermal 
(i.e., the two classical limits). The complexity of the calculation 
for large, unbalanced pipe net\vot·ks necessitates use of a listed 
or approved computer program. 

Regardless of the method used for flow calculations, certain 
limits are established during the listing and approval process 
for the flow calculation. Typical limits include the following: 

( 1)  Lim it on degree of split at tees 
(2) Limits on the orientation of tees 
(3) Limits on agent arrival time 
(4) Limits on agent "run out" m "end of liquid" time differ-

ences between nozzles 
(5) Minimum pressure limits 
(6) Minimum flow density limits 
(7) Maximum and minimum storage container fill density 

limits 
(8) Additional limits specific to the flow calculation program 

The results of the calculation must be checked to verifY that 
limits have not been exceeded. Computerized calculations 
generally t·epon waming or error messages if the system falls 
outside program limits. 

A.6.2.1 A listed or approved calculation method should 
predict agent mass dischat·ged per nozzle, avet·age nozzle pres­
sure, and system discharge time within the following limits of 
accuracy: 

( 1 )  The mass of agent predicted to discharge from a nozzle 
by the flow calculation method should agree with mass of 
agent measw·ed from the nozzle by ±10 percent of the 
predicted value. A standard deviation of the percentage 
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differences between measured and predicted nozzle 
agent quantities, relative to zero, should not be greater 
than 5 percent. 

(2) The system discharge time predicted by the flow calcula­
tion method should agree with the actual system 
discharge time value or by ± l  second for halocarbon 
systems or ±10 seconds for inert ga� systems, whichever is 
greater. 

(3) The average nozzle pressures predicted by the flow calcu­
lation method should agree with the actual nozzle pres­
sures by ±10 percent of the predicted value. 

(4) The nozzle pressure should not fall below the minimum 
or above the maximum nozzle pressure required for the 
nozzle to unifot·mly distt·ibute the agent tlu·oughout the 
volume that the nozzle's discharge is to protect. 

A.7.1 Paragraph 6.1.3.3 of NFPA 75 offers clear guidance on 
the conso·uction of an enclosure being protected by clean 
agent fire-extinguishing systems, specifically that "the fire­
resistant-rated enclosures shall extend from the strucntral floor 
to the su·uctural floor above or to the roof." Proper wom 
construction will ensure that the integrity of the room will be 
maintained and that the extinguishing agent concentration will  
be held for the required duration. 

The provision of an enclosure can create an unnecessary 
explosion hazard where otherwise only a fire hazard exists. A 
hazard analysis should be conducted to determine the t·elative 
merits of differing design concepts - for example, with and 
without enclosures - and the most relevant means of fire 
pmtection. 

A.7.1.6.1 NFPA 75, 9 . 1 . 1.3, requires an automatic fire suppres­
sion system to be installed for the protection of the area below 
the raised floor in an information technology equipment room 
or information technology equipment area containing combus­
tible material. NFPA 75, A.9. 1 . 1 .3, notes that halocarbon agent� 
should not be used to protect the space below a raised floor 
unless the space above the raised floor is likewise protected by 
the system and the system is designed to discharge simultane­
ously into both the space below the raised floor and the wom 
above the raised floor. 

During and after a discharge, some of the agent from the 
space under the raised floor will migrate into the room above 
the raised floor. If any fire exists in the equipment above the 
raised floor, the agent at a concentration below the extinguish­
ing concentration may be exposed to the fire. If the agent is a 
halocarbon, considerable decomposition of the agent could 
occur. Note that NFPA l 2A, in 5.3.1.2, also prohibits the use of 
Halon 1301 for flooding the space under a raised floor if the 
room above the raised floor is not simultaneously protected by 
the Halon 1301 total flooding system. 

A.7.1.7 Examples of ventilation systems necessary to ensure 
safety include cooling of vital equipment required for process 
safety and ventilation systems required for containment of 
hazardous materials. vVhere recirculating ventilation is not shut 
off, additional agent could be needed to compensate for room 
leakage during the hold time. 

A.7.1.8 Enclostu·e pt·essures developed during the discharge 
of a clean agent system are dependent on many variables, 
including factors unique to each agent, system, and enclosure. 
Over- or underpressurization of the enclosure can occur 
during the discharge. 
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A. 7.2.2.1.3 Deep-seated fires involving Class A fuels can 
L-equire substantially higher design concenu-ations and longer 
holding times than those required for surface-type fires involv­
ing Class A fuels. 

A. 7.2.2.2.1 This standard requires that the flame­
extinguishing concentration of a gaseous agent for a Class B 
fuel be determined by the cup burner method. Cup burner 
testing in the past has involved a variety of techniques, appara­
tus, and investigators. It was reported by Senecal (2005) that 
significant inconsistencies are apparent in Class B flame­
extinguishing data fOL- inert gases currently in use in national 
and international standards. In 2003, the technical committee 
for NFPA 2001 appointed a task group to develop an improved 
cup burner test method. Through this effort, the degree of 
standardization of the cup burner test method was significantly 
improved. A standard cup burner test procedure with defined 
apparatus has now been established and is outlined in 
Annex B. Values for minimum flame-extinguishing concentra­
tion (MEC) for gaseous agents addressed in this standard are 
given in Table A.7.2.2.2.1 .  vVhile MEC data is pt-esented for n­
heptane, this does not replace the requirement to determine 
the MEC for the specific fuel. Other fuels can require signifi­
cantly highet- extinguishing concenu-ations. 

A. 7.2.2.3 The following steps detail the fire extinguishment/ 
area coverage fire test procedure for engineered and pre­
engineered clean-agent-extinguishing-system units: 

( 1 )  The general procedures are as follows: 

(a) An engineered or pre-engineered extinguishing 
system should mix and distribute its extinguishing 
agent and should totally flood an enclosure when 
tested in accordance with the recommendations of 
A.7.2.2.3(1)  (c) through A.7.2.2.3(6) (f) under the 
maximum design limitations and most severe instal­
lation instructions. See also A.7.2.2.3( l ) (b). 

(b) When tested as described in A.7.2.2.3(2) (a) 
through A.7.2.2.3(5) (b), an extinguishing system 
unit should extinguish all fires within 30 seconds 
after the end of system discharge. When tested as 
described m A.7.2.2.3(2) (a) through 
A.7.2.2.3(3) (c) and A.7.2.2.3(6) (a) through 
A.7.2.2.3(6) (f), an extinguishing system should 
prevent reignition of tl1e wood crib after a 10-
minute soak period. 

(c) The tests described in A.7.2.2.3(2) (a) through 
A.7.2.2.3(6) (f) should be carried out. Consider the 
intended use and limitations of the extinguishing 
system, with specific reference to the following: 

i.  The area coverage for each type of nozzle 
ii. The operating temperature range of the 

system 
iii. Location of the nozzles in the protected area 
iv. Either maximum length and size of piping 

and number of fittings to each nozzle or mini­
mum nozzle pressure 

v. Maximum discharge time 
vi. Maximum fill density 

(2) The test enclosure consu-uction is as follows: 

(a) The enclosure for the test should be constructed of 
either indoor- or outdoOL�grade minimum % in. 
(9.5 mm)-thick plyw-ood or equivalent material. 
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Table A. 7.2.2.2.1 Minimum Flame Extinguishing 
Concentration (Fuel: n-heptane) 

Agent MEC (vol %) Note 

FK-5-1-12 -4.5 Muller, 2002 
HFC-125 -8.7 Harrison and Robin, 2001 
HFC-227ea 6.62 Senecal, 2008 
HFC-23 -12.9 Hainsworth and Hammel, 

2003 
HFC-236fa -6.3 Harrison and Robin, 2001 
IG-01 -43.2 FM Approvals, 2005 
IG-100 32.6 FM Approvals, 2005 
IG-541 -34.4 FM Approvals, 2005 
IG-55 -36.2 FM Approvals, 2005 
HB-55 5.5 
Notes: 
( 1 )  Table values are only for cup burner values established on the 
agents independent of equipment manufacturers values. 
(2) Cup burner test data determined in accordance with the test 
method described in Annex C has not been provided to the committee 
for review for any agent that is identified in Table 1 .1.1 but not 
included in this table. 
Table References: 
(a) Senecal,J.A., "Standardizing the Measurement of Minimum 
Extinguishing Concentrations of Gaseous Agents," Fire Technology, 
Vol .  44, No. 3, pp. 207-220, September 2008. 
(b) FM Approvals Contract Test Report, "Comparative cup burner 
Class B extinguishment tests of inert gas fire extinguishing agents," 
Pr(lject 3016214,January 6, 2005. 
(c) Hainsworth, R.F., and Howard S. Hammel, "Cup Burner Values For 
DuPont FE-13 in Accordance with NFPA 2001-2000 and ISO 14520-1," 
E.l. DuPont de Nemours & Co. Inc., Chestnut Run Plaza 711/1214A, 
Wilmington, DE, March 12, 2003. 
(d) Muller, A., CNPP Test Report YN 02 6321, "Acknowledgement of 
Cup Burner Mea�urements for NOVECTM 1230," St Marcel, France, 
September 13, 2002. 
(e) Harrison, M.A. and Mark Robin, Report HAI-8715-A, "Cup Burner 
Testing of Hepmne with HFC-125 and HFC-236fa in Accordance With 
ISO 14520-1," Hughes Associates, West Lafayette, IN, February 14, 
2001. 

(b) A n  enclosure(s) is to be consu-ucted having the 
maximum area coverage for the extinguishing­
system unit or nozzle being tested and the mini­
mum and maxtmum protected area height 
limitations. 

The test enclosure (s) for the maximum height, flamma­
ble liquid, and wood crib fire extinguishment tests need 
not have the maximum coverage area, but should be at 
least 13.1 ft (4.0 m) wide by 13.1  ft (4.0 m) long and 
3531 ft3 ( 1 00 m3) in volume. 

(3) The extinguishing system is as follows: 

(a) A pre-engineered type of extinguishing system unit 
is to be assembled using its maximum piping limita­
tions with respect to number of fittings and length 
of pipe to the discharge nozzles and nozzle conftgu­
ration (s), as specified in the manufacturer's design 
and installation instructions. 
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(b) An engineered-type extinguishing system unit is to 
be a5sembled using a piping arrangement that 
results in the minimum nozzle design pressure at 
70°F (21 °C). 

(c) Except for the flammable liquid fire test using the 
2.5 ft2 (0.23 m2) square pan and the wood crib 
extinguishment test, the cylinders are to be condi­
tioned to the minimum operating temperature 
specified in the manufacturer's installation instruc­
tions. 

( 4) The extinguishing concentration is as follows: 

(a) The extinguishing agent concentration for each 
Cla5s A test is to be 83.34 percent of the intended 
end use design concentration specified in the 
manufacturer's design and installation instructions 
at the ambient temperature of appmximately 70°F 
(21 °C) within the enclosme. 

(b) The extinguishing agent concenu·ation for each 
Class B test is to be 76.9 percent of the intended 
end-use design concentration specified in the 
manufacturer's design and installation instructions 
at the ambient temperature of appmximately 70°F 
(21 °C) within the enclosure. 

(c) The concenu·ation for inert gas clean agents can be 
adjusted to take into consideration actual leakage 
measured from the test enclosure. 

(d) The concentration within the enclosure for halocar­
bon clean agents should be calculated using the 
following formula tmless it is demonstrated that the 
test enclosure exhibits significant leakage. If signifi­
cant test enclosure leakage does exist, the formula 
used to determine the test enclosure concenu·ation 
of halocarbon clean agents can be modified to 
account for the leakage measw·ed. 

[A. 7 .2.2.3a] v( c ) W=- --
s 100-C 

where: 
W = weight of clean agents rib (kg)] 
V = volume of test enclosure [ft3 (m3) l 
s = specific volume of clean agent at test temperanu·e 

(ft3/lb (m3/kg)] 
C = concentration (vol %) 

(5) The flammable liquid extinguishment tests are as follows: 

(a) Steel test cans having a nominal thickness of 
0.216 in. (5.5 mm) (such as Schedule 40 pipe) and 
3.0 in. to 3.5 in. (76.2 mm to 88.9 mm) in diameter 
and at least 4 in. (102 mm) high, containing either 
heptane or heptane and watet� are to be placed 
within 2 in. (50.8 mm) of the corners of the test 
enclosure(s) and directly behind the baffle, and 
located vertically within 12 in. (305 mm) of the top 
or bottom of the enclosure or both the top and 
bottom if the enclosure permits such placement. If 
the cans contain heptane and water, the heptane is 
to be at least 2 in. (50.8 mm) deep. The level of 
heptane in the cans should be at least 2 in. 
(50.8 mm) below the top of the can. For the mini­
mum room height area coverage test, closable open­
ings are provided directly above the cans to allow 
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for venting prior to system installation. In addition, 
for the minimum height Limitation area coverage 
test, a baffle is to be installed between the floor and 
ceiling in the center of the enclosure. The baffle is 
to be perpendicular to the direction of nozzle 
discharge and to be 20 percent of the length or 
width of the enclosure, whichever is applicable with 
respect to nozzle location. For the maximum room 
height extinguishment test, an additional test is to 
be conducted using a 2.5 ft2 (0.23 m2) square pan 
located in the center of the room and the st01·age 
cylinder conditioned to 70°F (21 °C) .  The test pan is 
to contain at least 2 in. (50.8 mm) of heptane, with 
the heptane level at least 2 in. (50.8 mm) below the 
top of t11e pan. For all tests, the heptane is to be 
ignited and allowed to burn for 30 seconds, at 
which time all openings are to be closed and the 
extingttishing system is to be manually actuated. At 
the time of acntation, the percent of oxygen within 
the enclosure should be at least 20 percent. 

(b) The heptane is to be commercial grade having the 
following characteristics: 

i. Initial boiling point: l 94°F (90°C) minimum 
ii. Dry point: 212°F ( l 00°C) maximum 
1u. Specific gt·avity: 0.69-0.73 

(6) The wood crib extinguishment tests are as follows: 

(a) The stot·age cylinder is to be conditioned to 700F 
(21 oq. The test enclosure is to have the maximum 
ceiling height as specified in the manufacturer's 
installation insu·uctions. 

(b) The wood crib is to consist of fom layers of six, 
trade size 2 by 2 ( 1  \-'2 in. by l � in.) by 18 in. long, 
kiln spruce or fir lumber having a moisrure content 
between 9 percent and 13 percent. The alternate 
layers of the wood members are to be placed at 
right angles to one another. The individual wood 
members in each layer are to be evenly spaced, 
forming a square determined by the specified 
length of the wood members. The wood members 
forming the outside edges of the crib are to be 
stapled or nailed together. 

(c) Ignition of the crib is to be achieved by the bmning 
of commercial-grade heptane in a square steel pan 
2.5 ft2 (0.23 m2) in area and not less than 4 in. 
(101 .6 mm) in height. The crib is to be centered 
with the bottom of the crib 12 in. to 24 in. (304 to 
609.6 mm) above the top of the pan, and the test 
stand constructed so as to allow for the bottom of 
the crib to be exposed to the atmosphere. 

(d) The heptane is to be ignited, and the crib is to be 
allowed to burn fi·eely for appmximately 6 minutes 
outside tl1e test enclosure. The heptane fire is to 
burn for 3 to 3\-'2 minutes. Approximately \<1 gal 
(0.95 L) of heptane will pt·ovide a 3 to 3\-'2 minute 
burn time. Just prior to the end of the pre-burn 
period, the crib is to be moved into the test enclo­
sure and placed on a stand such that the bottom of 
the crib is between 20 in. and 28 in. (508 mm and 
7 1 1  mm) above the floor. The closure is then to be 
sealed. 

(e) Mter the crib is allowed to burn for 6 minutes, the 
system is to be acntated. At the time of actuation, 
the percent of oxygen within the enclosure at the 
level of the crib should be at least 20 percent. 
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(f) After the end of system discharge, the enclosure is 
to t-emain sealed fCn- 10 minutes. After the 10-
minute soak period, the crib is to be removed from 
the enclosure and observed to determine whether 
sufficient fuel remains to sustain combustion and to 
detect signs of re-ignition. 

(7) The following is a schematic of the process to determine 
the design quantity: 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

Determine hazard fean1res, as follows: 

i. Fuel type: Extinguishing concentration (EC) 
per 7.2.2 or inerting concentration (IC) per 
7.2.3 

ii. Enclosure volume 
111. Enclosure temperature 
iv. Enclosw-e barometric pressure 
Determine the agent minimum design concentra­
tion (MDC) by multiplying EC or IC by the safety 
factor (SF): 

[A. 7.2.2.3b] 

MDC= (EC or IC) SF 

Determine the agent minimum design quantity 
(MDQ) by referring to 7.3.1 for halocarbons or 
7.3.2 for inert gases 
Determine whether design factors (DF) apply. See 
7.3.3 to determine individual DF [DF(i)] and then 
determine sum: 

[A.7.2.2.3c] 

DF = E DF(i) 

Determine the agent adjusted minimum design 
quantity (AMDQ): 

[A. 7 .2.2.3d] 

AMDQ = MDQ (1 + DF) 

Determine the pressure correction factot- (PCF) per 
7.3.3.3 
Determine the final design quantity (FDQ) as 
follows: 

[A.7.2.2.3e] 
FDQ = AMDQ x PCF 

VI/here any of the following conditions exist, higher extin­
guishing concentrations might be required: 

( 1 )  Cable bundles greater than 4 in. (100 mm) i n  diameter 
(2) Cable trays with a fill density greater than 20 percent of 

the tray cross section 
(3) Horizontal or vertical stacks of cable trays less than 10 in. 

(250 mm) apan 
(4) Equipment energized during the extinguishment period 

where the collective power consumption exceeds 5 kW 

Fire extinguishment tests joT (noncellulosic) Class A su?face ji.Tes. 
The purpose of the tests outlined in this procedure is to 
develop the minimum extinguishing concentration (MEC) for 
a gaseous fire suppression agent for a range of noncellulosic, 
solid polymeric combustibles. It is intended that the MEC will 
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be increased by appropriate safety factors and flooding factors 
as provided for in the standard. 

These Class A tests should be conducted in a draft-free room 
with a volume of at least 3530 ft3 (100 m3) and a minimum 
height of 1 1 .5 ft (3.5 m) and each wall at least 13.1 ft (4 m) 
long. Provisions should be made for relief venting if required. 

The test objects are as follows: 

( 1 )  

(2) 

(3) 

(4) 

(5) 

(6) 

The polymer fuel array consists of four sheets of polymer, 
% in. (9.53 mm) thick, 16 in. (406 mm) tall, and 8 in. 
(203 mm) wide. Sheets are spaced and located per Figure 
A.7.2.2.3(a). The bottom of the fuel array is located 8 in. 
(203 mm) from the floor. The fuel sheets should be 
mechanically fixed at the required spacing. 
A fuel shield is provided around the fuel array as indica­
ted in Figure A.7.2.2.3(a). The fuel shield is 15 in. 
(381 mm) wide, 33.5 in. (851 mm) high, and 24 in. 
(610 mm) deep. The 24 in. (610 mm) wide x 33.5 in. 
(851 mm) high sides and the 24 in. (610 mrn) x 15 in. 
(381 mm) top are sheet metal. The remaining two sides 
and the bottom are open. The fuel array is oriented in 
the fuel shield such that the 8 in. (203 mm) dimension of 
the fuel array is parallel to tl1e 24 in. (610 mm) side of 
the fuel shield. 
Two external baffles measuring 40 in. x 40 in. ( 1 m x 1 m) 
and 12 in. (0.3 m) tall are located around the exterior of 
the fuel shield as shown in Figure A.7.2.2.3(a) and Figure 
A.7.2.2.3(b). The baffles are placed 3.5 in. (0.09 m) above 
the floor. The top baffle is rotated 45 degrees witl1 respect 
to the bottom baffle. 
Tests are conducted for three plastic fuels - polymethyl 
methacrylate (PMMA), polypropylene (PP), and 
aoyloniu·ile-butadiene-styrene (ABS) polymer. Plastic 
properties are given in Table A.7.2.2.3(a). 
The ignition source is a heptane pan 2 in. x 2 in. x %in. 
deep (51 mm x 51 mm x 22 mm deep) centered � in. 
(12 mm) below the bottom of the plastic sheets. The pan 
is filled with 3.0 ml of heptane to pmvide 90 second5 of 
burning. 
The agent delivety system should be distributed through 
an appmved nozzle. The system should be operated at 
tl1e minimum nozzle pressure (±10 percent) and the 
maximum discharge time (±1 second). 

The test procedure is as follows: 

( 1 )  The procedures for ignition are as follows: 

(a) The heptane pan is ignited and allowed to burn for 
90 seconds. 

(b) The agent is dischat-ged 210 seconds after ignition 
of heptane. 

(c) The compartment remains sealed for 600 seconds 
after the end of discharge. Extinguishment time is 
noted. If the fire is not extinguished within 
600 seconds of the end of agent discharge, a higher 
minimum extinguishing concenu-ation must be 
utilized. 

(d) The test is repeated twu times for each fi.1el for each 
concenu·ation evaluated and the extinguishment 
time averaged for each fuel. A ny one test with an 
extinguishment time above 600 seconds is consid­
ered a failure. 

(e) If t11e fire is extinguished during tl1e discharge 
period, the test is repeated at a lower concentration 
or additional baffling provided to ensure that local 
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transient discharge effects are not affecting the 
extinguishment process. 

(f) At the beginning of the tests, the oxygen concenu·a­
tion must be within 2 percent (approximately 
0.5 percent by volume 02) of ambient value. 

(g) During the post-discharge period, the oxygen 
concentration should not fall below 0.5 percent by 
volume of the oxygen level measm-ed at the end of 
agent discharge. 

(2) The observation and recording procedures are as follows: 

(a) The following data must be recorded continuously 
during the test: 

i. Oxygen concentration (±0.5 percent) 
ii. Fuel mass loss (±5 percent) 
111. Agent concenu·ation (±5 percent) (Inert gas 

concenu·ation can be calculated based on 
oxygen concentration.) 

(b) The following events at·e timed and recorded: 

1. Time at which heptane is ignited 
u .  Time of heptane pan burnout 
iii. Time of plastic sheet ignition 
iv. Time of beginning of agent discharge 
v. Time of end of agent discharge 
vi. Time all visible flame is extinguished 

The minimum extinguishing concentration is determined by 
all of the following conditions: 

( 1 )  All visible flame is extinguished \vithin 600 seconds of 
agent discharge. 

(2) The fuel weight loss between 10 seconds and 600 seconds 
after the end of discharge does not exceed 0.5 oz ( 1 5  g). 

(3) There is no ignition of the fuel at the end of the 600-
second soak time and subsequent test compartment venti­
lation. 

Wood crib and polymeric sheet Class A fire tests might not 
adequately indicate extinguishing concentrations suitable for 
the protection of certain plastic fuel hazards (e.g., electrical­
and electronic-type hazat·ds involving grouped power or data 
cables such as computer and control room underfloor voids 
and telecommunication facilities) .  

The values in Table A.7.2.2.3(b) are representative of the 
minimum extinguishing concenu·ations and design concenu·a­
tions for various agent5. The concentrations required can vary 
by equipment manufacturer. Equipment manufacturers should 
be contacted for the concentration required for their specific 
system. 

A-7.2.3.1 The follo,ving paragraphs summarize a method of 
evaluating inerting concentration of a fire extinguishing vapor. 

Table A.7.2.2.3(a) Plastic Fuel Properties 
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One characteristic of halons and replacement agents is 
ft·equently referred to as the inerting, or inhibiting, concentra­
tion. Flammability diagram data (Dalzell, 1975, and Coli, 1976) 
on ternary systems can be found in NFPA 12A. The procedures 
used to generate those data have been used more recently to 
evaluate inerting concenu·ations of halons and replacement 
chemicals against various fuel-air systems. Differences between 
the earlier studies and the recent wot·k are that the test vessel 
volume used in the more recent work was 2.1  gal (7.9 L) versus 
the 1 .5 gal (5.6 L) used previously. The igniter type - carbon 
rod cot·ona discharge spat·k - was the same, but the capacitor­
stored energy levels in the later studies were higher, approxi­
mately 68 J (16.2 cal) versus 6 or 1 1  J ( 1 .4 or 2.6 cal) in the 
eadier work. The basic procedure, employing a gap spark, has 
been adopted to develop additional data. 

Ternary fuel-air agent mixtures were prepared at a test pres­
sure of 1 aun and at room temperature in a 2.1  gal (7.9 L) 
spherical test vessel (see Figure A. 7.2.3.1) by the partial pressure 
method. The vessel was fitted with inlet and vent ports, a ther­
mocouple, and a pressure transducer. First, the test vessel was 
evacuated, then agent was admitted; if the agent was a liquid, 
sufficient time was allowed for evaporation to occur. Fuel vapor 
and finally air were admitted, raising the vessel pt·essw·e to 1 
atm. An internal flapper allowed the mixtures to be agitated by 
rocking the vessel back and forth. The pressure transducer vvas 
connected to a suitable recording device to measure any pres­
sure rise that occurred on actuation of the igniter. 

Table A. 7.2.2.3(b) Class A Flame Extinguishing and Minimum 
Design Concentrations Tested to UL 2166 and UL 2127 

Class A Class C 
Minimum Minimum 

Design Design 
Agent Class A MEC Concentration Concentration 

FK-5-1-12 3.3 4.5 4.5 
HFC-125 6.7 8.7 9.0 
HFC-227ca 5.2 6.7 7.0 

HFC-23 15.0 18.0 20.3 
IG-541 28.5 34.2 38.5 
IG-55 31.6 37.9 42.7 

IG-100 31.0 37.2 41.9 

Note: Concentrations reported are at 700F (21 °C). Class A design 
values are the greater of ( 1 )  the Class A extinguishing concentration, 
determined in accordance with 7.2.2.1.1, rimes a safety factor of 1.2; or 
(2) the minimum extinguishing concentration for heptane as 

determined from 7.2.2.2.1 (2). 

25 kW /m2 Exposure in Cone Calorimeter - ASTM El354 

Fuel 

PMMA 
pp 
ABS 

Color 

Black 
Natural (white) 

Natural (cream) 

1 .19 
0.905 
1.04 

Ignition Time 

sec Tolerance 

77 
91 

115 

±30% 
±30% 

±30% 

180-Second Average Effective Heat of 
Heat Release Rate Combustion 

kW/m2 Tolerance MJ/kg Tolerance 

286 25% 23.3 ±15% 
225 25% 39.8 ±15% 
484 25% 29.1 ±15% 
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2001-64 CLEAN AGENT FIRE EXTINGUISI-IING SYSTEMS 

8 in. x 16 in. x% in. 
(203 mm x 406 mm x 9.53 mm) plastic sheet 

r- 24 in. (610 mm) --+-j f+ 15 in. (381 mm) � I Fuel shield -channel iron 

v IT 
1 o in. iv" �r;:e� ����[: f�� and wo 1\�+ (254 mm) � sides 

T ':;_\"-�� mm) 1+-.t-Angle frame --( 1-------,� 
� � \ -+1 � 1+- 1 "} in. (3.2 mm) allthread rod fuel support 12 in. E E «! f/_ . E E - ;;; r-� 2 in. square x 'iii in. deep (305 mm) 
� � -;; (51 mm square x 22 mm deep) _j :fl !£l. � (internal) n-heptane 

� I � 
;c Viler pan 

� t--r--...,..J 
� � 

v . £ 
External 
baffles 

= t::: 
Load �- -,. 
cell-

_E;"'w 

_,_ IL '"v. in. 
_ '- - - - - -= - � (12 mm) 

� .... l .£ �_::1- - "'" -..- '1r Drip tray 

"' �  f+-j Load cell Cinder block 

12 in . 
(305 mm) 

j 3.5 in. (89 mm) 

FIGURE A.7.2.2.3(a) Four-Piece Modified Plastic Setup. 

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 0.12 in. (3 mm). The igniter was 
wired in series \vith two 525 mF 450 V capacitors. The capaci­
tors were charged to a potential of 720 to 730 V de. The stored 
energy was, therefore, 68 to 70 J (16.2 to 16.7 cal). The nomi­
nal resistance of the rod assembly \vas about 1 ohm. On S\vitch 
closure, the capacitor discharge current resulted in ionization 
at the graphite rod surface. A comna spark jumped across the 
connector gap. The spark energy content \vas taken as the 
stored capacitor energy; in principle, however, stored capacitor 
enet·gy must be somewhat less d1an this amount due to line 
resistance losses. 

The pressure rise, if any, resulting from ignition of the test 
mixture \vas recorded. The interior of the test vessel \vas wiped 
clean between tests with a cloth damp \vith either \vater or a 
solvent to avoid buildup of decomposition residues, which 
could influence the results. 

The definition of the flammable boundary was taken as that 
composition thatjust produces a pressure rise of0.07 times the 
initial pt·essure or 1 psi (6.9 kPa) when the initial pressure is 1 
atm. 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 pres­
sure. 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 d1at can serve as fire 
protection agent� are given in Table A 7 .2.3.1. 

A. 7.2.3.2 These conditions exist where both the follmving 
occur: 

( 1 )  The types and quantity of fuel permitted in the enclosure 
have the potential to lead to development of a fuel vapor 
concentration equal to or greater than one-half of the 
lower flammable limit throughout the enclosure. 

(2) 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. 
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Video c:::::. 

Backup 
C02 ext. 

X 
TC1 Baffle 

External baffles, 
rotated 45 degrees 

to each other 

X TC3 

x TC1- 0 in. (0 mm), 1 2  in. (305 mm), 24 in. (61 0 mm), 48 in. (1220 mm), 
72 in. (1.8 m), 96 in. (2.4 m), 120 in. (3 m) from ceiling 

x TC2- 0 in. (0 mm). 12 in. (305 mm). 24 in. (610 mm, 48 in. (1220 mm), 
72 in. (1.8 m), 96 in. (2.4 m), 120 in. (3 m) from ceiling 

x TC3- 0 in. (0 mm), 12 in. (305 mm), 24 in. (610 mm). 48 in. (1220 mm), 
72 in. (1.8 m). 96 in. (2.4 m). 120 in. (3 m) from ceiling 

181 ODM- 12 in. (305 mm) down from ceiling 
_. FTIR - 27 in. (686 mm) up from floor 
- Noisemeter - 1 2  in. (305 mm) down from ceiling 
FTIR - Fourier transform infrared (spectrometer) 
ODM- Oxygen deficiency monitor 
TC -Thermocouple 

FIGURE A.7.2.2.3(b) Chamber Plan View. 



ANNEX A 

Table A.7 .2.3.1 Inerting Concentrations for Various Agents 

Fuel 

i-butane 

1-chloro-1 ,  
1-difluoroethane 
(HCFC-142b) 

1 ,  1-difluoroethane 
(HFG152a) 

Difluoromethane 
(HFG32) 

Ethane 

Ethylene oxide 

Hexane 

Methane 

Pentane 

Propane 

Agent 

HFG227ea 
HCFC Blend A 
IG-100 

HFG227ea 

HFG227ea 
HCFC Blend A 

HFG227ea 
HCFC Blend A 

IG-100 

HFG227ea 

lG-100 

FK-5-1-12 
HFG125 
HFG227ea 
HFG23 
HCFC Blend A 
IG-lOO 
IG-541 

HFG227ea 
lG-100 

FK-5-1-12 
FC-5-1-14 
FIC-1311 
HFG125 
HFG227ea 
HFG23 
HFG23 
HCFC Blend A 
IG-541 
IG-100 

Inerting 
Concentration 

(vol %) Reference 

11 .3 Robin 
18.4 Moore 
40 Zabetakis 

2.6 Robin 

8.6 Robin 
13.6 Moore 

3.5 Robin 
8.6 Moore 

44 Zabetakis 

13.6 Robin 

42 Zabetakis 

8.8 Schmeer 
14.7 Senecal 
8 Robin 

20.2 Senecal 
18.3 Moore 
37 Zabe takis 
43 Tamanini 

11 .6 Robin 
42 Zabetakis 

8.1 Schmeer 
7.3 Senecal 
6.5 Moore 

15.7 Senecal 
11 .6 Robin 
20.2 Senecal 
20.4 Skaggs 
18.6 Yloore 
49.0 Tam anini 
42 Zabetakis 

Gas 
inlet 

2.1 gal (7.9 L) 
test vessel 

Pressure 
gauge Vacuum 

Igniter 

FIGURE A.7.2.3.1 Spherical Test Vessel. 

2001-65 

A.7.3.1 The quantity of clean agent required to develop a 
given concentration will be greater than the final quantity of 
agent in the same enclosure. In most cases, the clean agent 
must be applied in a manner that promotes progressive mixing 
of the atmosphere. As the clean agent is i1"Uected, the displaced 
atmosphere is exhausted freely from the enclosure through 
small openings or through special vents. Some clean agent is 
therefore 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 represents the 
worst case from a theoretical standpoint and provides a built-in 
safety factor to compensate for nonideal discharge arrange­
ments. 

Table A. 7.3.1 (a) through Table A. 7.3.1 ( t) provide the quan­
tity of clean agent needed to achieve design concentration. 
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2001-66 CLEAN AGENT FIRE EXTINGUISI-IING SYSTEMS 

Table A.7.3.1 (a) FK-5-1-12 Total Flooding Quantity (U.S. Units)• 

Weight Requirements of Hazard Volume, W/V (lb/ft3)b 
Specific Vapor 

Design Concentration (% by Volume)e Temp (t) Volume(s) 
('F)c (ft3/lb)d 3 4 5 6 7 8 9 10 

-20 0.93678 0.0330 0.0445 0.0562 0.0681 0.0803 0.0928 0.1056 0.1186 
-10 0.96119  0.0322 0.0433 0.0548 0.0664 0.0783 0.0905 0.1029 0.1156 

0 0.9856 0.0314 0.0423 0.0534 0.0648 0.0764 0.0882 0.1003 0.1127 
10 1.01001 0.0306 0.0413 0.0521 0.0632 0.0745 0.0861 0.0979 0.1100 
20 1 .03442 0.0299 0.0403 0.0509 0.0617 0.0728 0.0841 0.0956 0.1074 
30 1.05883 0.0292 0.0394 0.0497 0.0603 0.07 1 1  0.0821 0.0934 0.1049 
40 1.08324 0.0286 0.0385 0.0486 0.0589 0.0695 0.0803 0.0913 0.1026 
50 1 . 10765 0.0279 0.0376 0.0475 0.0576 0.0680 0.0785 0.0893 0.1003 
60 1 . 13206 0.0273 0.0368 0.0465 0.0564 0.0665 0.0768 0.0874 0.0981 
70 1 . 15647 0.0267 0.0360 0.0455 0.0552 0.0651 0.0752 0.0855 0.0961 
80 1 . 18088 0.0262 0.0353 0.0446 0.0541 0.0637 0.0736 0.0838 0.0941 
90 1.20529 0.0257 0.0346 0.0437 0.0530 0.0624 0.0721 0.0821 0.0922 

100 1.22970 0.0252 0.0339 0.0428 0.0519 0.0612 0.0707 0.0804 0.0904 
1 1 0  1.25411 0.0247 0.0332 0.0420 0.0509 0.0600 0.0693 0.0789 0.0886 
120 1.27852 0.0242 0.0326 0.0412 0.0499 0.0589 0.0680 0.0774 0.0869 
130 1.30293 0.0237 0.0320 0.0404 0.0490 0.0578 0.0667 0.0759 0.0853 
140 1.32734 0.0233 0.0314 0.0397 0.0481 0.0567 0.0655 0.0745 0.0837 
150 1.35175 0.0229 0.0308 0.0389 0.0472 0.0557 0.0643 0.0732 0.0822 
160 1.37616 0.0225 0.0303 0.0382 0.0464 0.0547 0.0632 0.0719 0.0807 
170 1.40057 0.0221 0.0297 0.0376 0.0456 0.0537 0.0621 0.0706 0.0793 
180 1 .42498 0.0217 0.0292 0.0369 0.0448 0.0528 0.0610 0.0694 0.0780 
190 1.44939 0.0213 0.0287 0.0363 0.0440 0.0519 0.0600 0.0682 0.0767 
200 1.47380 0.0210 0.0283 0.0357 0.0433 0.05 1 1  0.0590 0.0671 0.0754 
210 1.49821 0.0206 0.0278 0.0351 0.0426 0.0502 0.0580 0.0660 0.0742 
220 1.52262 0.()203 0.0274 0.0346 0.0419 0.0494 0.0571 0.0650 0.0730 

"The manufacturer's listing specifies the temperature range for the operation. 
bW/V [agent weight requirements (lb/ft3)] = pounds of agent required per cubic foot of protected volume to produce indicated concentration at 
temperature specified. 

W=�( lOOC-C ) 
<t [temperamre ("F)] = design temperature in the hazard area. 
ds [specific volume (ft3 /lb)] = specific volume of FK-.5-1-12 vapor can be approximated by s = 0.9856 + 0.002441 � where l is the temperature (°F). 
ec [concentration (%)] = volumetric concenu·ation ofFK-5-1-12 in air at the temperature indicated. 
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ANNEX A 2001-67 

Table A.7.3.1(b) FK-5-1-12 Total Flooding Quantity (SI Units)• 

Weight Requirements of Hazard Volume, W/V (kg/m3)b 
Specific Vapor 

Design Concentntion (% by Volume)e Temp(t) Volume(s) 

(o C)c (m3/kg)d 3 4 5 6 7 8 9 10 
-20 0.0609140 0.5077 0.6840 0.8640 1.0479 1.2357 1.4275 1.6236 1.8241 
-15 0.6022855 0.4965 0.6690 0.8450 1.0248 1.2084 1.3961 1.5879 1.7839 
-10 0.0636570 0.4859 0.654.� 0.8268 1 .0027 1.1824 1.3660 1.5337 1.7455 
-5 0.0650285 0.4756 0.6407 0.8094 0.9816 1 .157.� 1.3372 1.5209 1.7087 
0 0.0664000 0.4658 0.627.� 0.7926 0.9613 1.1336 1.3096 1.4895 1.6734 
5 0.067771 5  0.4564 0.6148 0.7766 0.9418 1.1 106 1.2831 1.4593 1.6395 
10 0.0691430 0.4473 0.6026 0.7612 0.9232 1 .0886 1 .2576 1 .4304 1.6070 
15 0.0705145 0.4386 0.5909 0.7464 0.9052 1 .0674 1 .2332 1 .4026 1.5757 
20 0.0718860 0.4302 0.5796 0.7322 0.8879 1 .0471 1 . 2096 1 .3758 1.5457 
25 0.0732575 0.4222 0.5688 0.7184 0.8713 1 .0275 1 . 1870 1 .3500 1.5167 
30 0.0746290 0.4144 0.5583 0.7052 0.8553 1.0086 1.1652 1.3252 1.4888 
35 0.0760005 0.4069 0.5482 0.6925 0.8399 0.9904 1.1442 1.3013 1.4620 
40 0.0773720 0.3997 0.538.') 0.6802 0.8250 0.9728 1.1239 1.2783 1.4361 
45 0.0787435 0.3928 0.5291 0.6684 0.8106 0.9559 1.1043 1.2560 1 .4 1 1 1  
50 0.0801150 0.3860 0.5201 0.6570 0.7967 0.9395 1.0854 1.2345 1.3869 
55 0.0814865 0.3795 0.5113 0.6459 0.7833 0.9237 1.0671 1.2137 1.3636 
60 0.0828580 0.3733 0.5029 0.6352 0.7704 0.9084 1.0495 1 .1936 1.3410 
65 0.0842295 0.3672 0.4947 0.6249 0.7578 0.8936 1.0324 1.1742 1.3191 
70 0.0856010 0.3613 0.4868 0.6148 0.7457 0.8793 1.0158 1.1554 1.2980 
75 0.0869725 0.3.�56 0.4791 0.6052 0.7339 0.8654 0.9998 1.1372 1.2775 
so 0.0883440 0.3.501 0.4716 0.5958 0.7225 0.8.520 0.9843 1 . 1 195 1.2577 
85 0.0897155 0.3447 0.4644 0.5866 0.711 5  0.8390 0.9692 1 . 1024 1.2385 
90 0.0910870 0.3395 0.4.574 0.5778 0.7008 0.8263 0.9547 1 .0858 1.2198 
95 0.0924585 0.3345 0.4507 0.5692 0.6904 0.8141 0.9405 1 .0697 1.2017 
100 0.0938300 0.3296 0.4441 0.5609 0.6803 0.8022 0.9267 1 .0540 1.1842 

"The manufacturer's listing specifies the temperature •·ange for operation. 
hW/V [agent weight requirements (kg/m3)]  = kilograms of agent required per cubic meter of protected volume to produce indicated concentration 
at temperature specified. 

w - v( c ) 
s 100 - C  

' t  [temperamre (°C)] = design temperature in the hazard area. 
ds [specific volume (m3/kg)] = specific volume of FK-5-1-12 vapor can be approximated by s = 0.0664 + 0.0002741!, where l is the temperamre (0C). 
"C[concemration (%)] = volumetric concentration ofFK-.�-1-12 in air at the temperature indicated. 
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2001-68 CLEAN AGENT FIRE EXTINGUISI-IING SYSTEMS 

Table A. 7.3.1 (c) HCFC Blend A Total Flooding Quantily (U.S. Units)• 

Specific Weight Requirements of Hazard Volume, W/V (lb/ ft3) b 
Vapor 

Design Concentration (% by Volume)e Temp(t) Volume(s) 
(oF)c (ft3 /lb)d 8.6 9 10 1 1  12 13 14 15 

-50 3.2192 0.0292 0.0307 0.0345 0.0384 0.0424 0.0464 0.0506 0.0548 
-40 3.2978 0.0285 0.0300 0.0337 0.0375 0.0414 0.0453 0.0494 0.0535 
-30 3.3763 0.0279 0.0293 0.0329 0.0366 0.0404 0.0443 0.0482 0.0523 
-20 3.4549 0.0272 0.0286 0.0322 0.0358 0.0395 0.0433 0.0471 0.0511 
-10 3.5335 0.0261 0.0280 0.0314 0.035 0.0386 0.0423 0.0461 0.0499 

0 3.6121 0.0260 0.0274 0.0308 0.0342 0.0378 0.0414 0.0451 0.0489 
10 3.6906 0.0255 0.0268 0.0301 0.0335 0.0369 0.0405 0.0441 0.0478 
20 3.7692 0.0250 0.0262 0.0295 0.0328 0.0362 0.0396 0.0432 0.0468 
30 3.8478 0.0245 0.0257 0.0289 0.0321 0.0354 0.0388 0.0423 0.0459 
40 3.9264 0.0240 0.0252 0.0283 0.0315 0.0347 0.0381 0.0415 0.0449 
50 4.0049 0.0235 0.0247 0.0277 0.0309 0.0340 0.0373 0.0406 0.0441 
60 4.0835 0.0230 0.0242 0.0272 0.0303 0.0334 0.0366 0.0399 0.0432 
70 4.1621 0.0226 0.0238 0.0267 0.0297 0.0328 0.0359 0.0391 0.0424 
80 4.2407 0.0222 0.0233 0.0262 0.0291 0.0322 0.0352 0.0384 0.0416 
90 4.3192 0.0218 0.0229 0.0257 0.0286 0.0316 0.0346 0.0377 0.0409 
100 4.3978 0.0214 0.0225 0.0253 0.0281 0.0310 0.0340 0.0370 0.0401 
1 1 0  4.4764 0.0210 0.0221 0.0248 0.0276 0.0305 0.0334 0.0364 0.0394 
120 4.5550 0.0207 0.0217 0.0244 0.0271 0.0299 0.0328 0.0357 0.0387 
130 4.6336 0.0203 0.0213 0.0240 0.0267 0.0294 0.0322 0.0351 0.0381 
140 4.7121 0.0200 0.0210 0.0236 0.0262 0.0289 0.0317 0.0345 0.0375 
150 4.7907 0.0196 0.0206 0.0232 0.0258 0.0285 0.0312 0.0340 0.0368 
160 4.8693 O.ol93 0.0203 0.0228 0.0254 0.0280 0.0307 0.0334 0.0362 
170 4.9479 0.()190 0.0200 0.0225 0.0250 0.0276 0.0302 0.0329 0.0357 
180 5.0264 0.0187 O.oi97 0.0221 0.0246 0.0271 0.0297 0.0324 0.0351 
190 5.1050 0.0184 0.0194 0.0218 0.0242 0.0267 0.0293 0.0319 0.0346 
200 5.1836 0.0182 0.0191 0.0214 0.0238 0.0263 0.0288 0.0314 0.0340 

"The manufacturer's listing specifies d1e temperature range for operation. 
bW/ V [agent weight requirements (lb/ft3)]  � pounds of agent required per cubic foot of protected volume to produce indicated concentration at 
tern perature specified. 

W=�( lOOC-C ) <l [temperature (°F)) � design temperature in the hazard area. 
ds [specific volume (ft3/lb)] � specific volume of HCFC Blend A vapor can be approximated by s � 3.612 + 0.0079� where l � temperature (°F). 
ec [concentration (%)] � volumeu·ic concentration ofl-lCFC Blend A in air at the temperature indicated. 
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ANNEX A 2001-69 

Table A.7.3.l(d) HCFC Blend A Total Flooding Quantity (SI Units)• 

Specific Weight Requirements of Hazard Volume, W/ V (kg/m3) b 
Vapor 

Design Concentration (% by Volume)• Temp(t) Volume(s) 
("C)" (m3/kg)d 8.6 9 10 11 12 13 14 15 
-50 0.1971 0.4774 0.5018 0.5638 0.6271 0.6919 0.7582 0.8260 0.8954 
-45 0.2015 0.4669 0.4908 0.5514 0.6134 0.6767 0.7415 0.8079 0.8758 
-40 0.2059 0.4569 0.4803 0.5396 0.6002 0.6622 0.7256 0.7906 0.8570 
-35 0.2103 0.4473 0.4702 0.5283 0.5876 0.6483 0.7104 0.7740 0.8390 
-30 0.2148 0.4381 0.4605 0.5174 0.5755 0.6350 0.6958 0.7580 0.8217 
-25 0.2192 0.4293 0.4513 0.507 0.5639 0.6222 0.6818 0.7428 0.8052 
-20 0.2236 0.4208 0.4423 0.497 0.5528 0.6099 0.6683 0.7281 0.7893 
-15 0.2280 0.4127 0.4338 0.4873 0.5421 0.5981 0.6554 0.7140 0.7740 
-10 0.2324 0.4048 0.4255 0.4781 0.5318 0.5867 0.6429 0.7004 0.7593 
-5 0.2368 0.3973 0.4176 0.4692 0.5219 0.5758 0.6309 0.6874 0.7451 
0 0.2412 0.3900 0.4100 0.4606 0.5123 0.5652 0.6194 0.6748 0.7315 
5 0.2457 0.3830 0.4026 0.4523 0.5031 0.5551 0.6083 0.6627 0.7183 
10 0.2501 0.3762 0.3955 0.4443 0.4942 0.5453 0.5975 0.6510 0.7057 
15 0.2545 0.3697 0.3886 0.4366 0.4856 0.5358 0.5871 0.6397 0.6934 
20 0.2589 0.3634 0.3820 0.4291 0.4774 0.5267 0.5771 0.6288 0.6816 
25 0.2633 0.3573 0.3756 0.422 0.4694 0.5178 0.5675 0.6182 0.6702 
30 0.2677 0.3514 0.3694 0.415 0.4616 0.5093 0.5581 0.6080 0.6591 
35 0.2722 0.3457 0.3634 0.4083 0.4541 0.5010 0.5490 0.5981 0.6484 
40 0.2766 0.3402 0.3576 0.4017 0.4469 0.4930 0.5403 0.5886 0.6381 
45 0.2810 0.3349 0.3520 0.3954 0.4399 0.4853 0.5318 0.5793 0.6280 
50 0.2854 0.3297 0.3465 0.3893 0.4331 0.4778 0.5236 0.5704 0.6183 
55 0.2898 0.3247 0.3412 0.3834 0.4265 0.4705 0.5156 0.5617 0.6089 
60 0.2942 0.3198 0.3361 0.3776 0.4201 0.4634 0.5078 0.5533 0.5998 
65 0.2987 0.3151 0.3312 0.372 0.4138 0.4566 0.5003 0.5451 0.5909 
70 0.3031 0.3105 0.3263 0.3666 0.4078 0.4499 0.4930 0.5371 0.5823 
75 0.3075 0.3060 0.3216 0.3614 0.4020 0.4435 0.4860 0.5294 0.5739 
80 0.3119 0.3017 0.3171 0.3562 0.3963 0.4372 0.4791 0.5219 0.5658 
85 0.3163 0.2975 0.3127 0.3513 0.3907 0.4311 0.4724 0.5146 0.5579 
90 0.3207 0.2934 0.3084 0.3464 0.3854 0.4252 0.4659 0.5076 0.5502 
95 0.3251 0.2894 0.3042 0.3417 0.3801 0.4194 0.4596 0.5007 0.5427 

•The manufacrurer's listing specifies d1e temperature range for operation. 
bW/ V [a gem weight requirementS (kg/m3) ]  = kilogt·ams required per cubic meter of protected volume lO produce indicated concenrration at 
temperature specified. 

w - �(-c ) 
s 100 - C  

cl [temperamre (°C)] = design temperature in the hazard area. 
ds [specific volume (m3/kg)] = specific volume of HCFC Blend A vapor can be approximated by s= 0.2413 + 0.00088� where l =  temperarure CC). 

•c [concentration (%)] = volumetric concentration ofHCFC Blend A in air at d1e temperature indicated. 
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2001-70 CLEAN AGENT FIRE EXTINGUISI-IING SYSTEMS 

Table A.7.3.1 (e) HCFC-124 Total Hooding Quantity (U.S. Units)• 

Specific Weight Requirements of Hazard Volume, W/V(lb/ft3)b 
Vapor 

Design Concentration (% by Volume)• Temp(t) Volume(s) 
CF)c (ft3 /lb)d 5 6 7 8 9 10 1 1  12 

20 2.4643 0.0214 0.0259 0.0305 0.0353 0.0401 0.0451 0.0502 0.0553 
30 2.5238 0.0209 0.0253 0.0298 0.0345 0.0392 0.0440 0.0490 0.0540 
40 2.5826 0.0204 0.0247 0.0291 0.0337 0.0383 0.0430 0.0479 0.0528 
50 2.6409 0.0199 0.0242 0.0285 0.0329 0.0374 0.0421 0.0468 0.0516 
60 2.6988 0.0195 0.0237 0.0279 0.0322 0.0366 0.0412 0.0458 0.0505 
70 2.7563 0.0191 0.0232 0.0273 0.0315 0.0359 0.0403 0.0448 0.0495 
80 2.8136 0.0187 0.0227 0.0268 0.0309 0.0352 0.0395 0.0439 0.0485 
90 2.8705 0.0183 0.0222 0.0262 0.0303 0.0345 0.0387 0.0431 0.0475 

100 2.9272 0.0180 0.0218 0.0257 0.0297 0.0338 0.0380 0.0422 0.0466 
1 1 0  2.9837 0.()176 0.0214 0.0252 0.0291 0.0331 0.0372 0.0414 0.0457 
120 3.0400 0.0173 0.0210 0.0248 0.0286 0.0325 0.0365 0.0407 0.0449 
130 3.0961 0.0170 0.0206 0.0243 0.0281 0.0319 0.0359 0.0399 0.0440 
140 3.1520 0.0167 0.0203 0.0239 0.0276 0.0314 0.0353 0.0392 0.0433 
150 3.2078 0.0164 0.0199 0.0235 0.0271 0.0308 0.0346 0.0385 0.0425 
160 3.2635 0.0161 0.0196 0.0231 0.0266 0.0303 0.0340 0.0379 0.0418 
170 3.3191 0.0159 0.0192 0.0227 0.0262 0.0298 0.0335 0.0372 0.0411 
180 3.3745 0.0156 0.0189 0.0223 0.0258 0.0293 0.0329 0.0366 0.0404 
190 3.4298 0.0153 0.0186 0.0219 0.0254 0.0288 0.0324 0.0360 0.0398 
200 3.4850 0.0151 0.0183 0.0216 0.0250 0.0284 0.0319 0.0355 0.0391 

•The manufacturer's listing specifies the temperature range for operation. 
bW/ V [agent weight requirements (lb/ft'�) ]  = pounds of agent required per cubic foot of protected volume to produce indicated concentration at 
rem perature specified. 

W =7( lOO
C
- C ) 

cl [temperature (°F)] = design temperamre in the hazard area. 
ds [specific volume (ft3/lb)] = specific volume of I-ICFC-124 vapor can be approximated by s = 2.3580 + 0.00571 where l = temperature in (°F). 
ec [concentration (% )] = volumeu'ic concentration of HCFC-124 in air at the temperature indicated. 
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Table A.7.3.l(f) HCFC-124 Total Flooding Quantily (SI Units)• 

Specific Weight Requirements of Hazard Volmne, W/V (kg/m3) b 
Vapor 

Design Concentration (% by Volume)• Temp(t) Volmne(s) 
(oC)c (m3 /kg)d 5 6 7 8 9 10 11 12 
-10 0.1516 0.3472 0.4210 0.6524 0.5736 0.6524 0.7329 0.8153 0.1346 
-5 0.1550 0.3396 0.4119 0.6382 0.5612 0.6382 0.7170 0.7976 0.1317 
0 0.1583 0.3325 0.4032 0.6248 0.5493 0.6248 0.7019 0.7808 0.1289 
5 0.1616 0.3257 0.3950 0.6120 0.5381 0.6120 0.6876 0.7649 0.1263 
10 0.1649 0.3192 0.3872 0.5999 0.5274 0.5999 0.6739 0.7497 0.1238 
15 0.1681 0.3131 0.3797 0.5883 0.5172 0.5883 0.6609 0.7352 0.1214 
20 0.1714 0.3071 0.3725 0.5772 0.5074 0.5772 0.6484 0.7213 0.1191 
25 0.1746 0.3015 0.3656 0.5665 0.4981 0.5665 0.6364 0.7080 O.ll69 
30 0.1778 0.2960 0.3590 0.5563 0.4891 0.5563 0.6250 0.6952 0.1 148 
35 0.1810 0.2908 0.3527 0.5465 0.4805 0.5465 0.6140 0.6830 O.l 128 
40 0.1842 0.2858 0.3466 0.5371 0.4722 0.5371 0.6034 0.6712 0.1108 
45 0.1873 0.2810 0.3408 0.5280 0.4642 0.5280 0.5932 0.6598 0.1089 
50 0.1905 0.2763 0.3351 0.5192 0.4565 0.5192 0.5833 0.6489 0.1071 
55 0.1936 0.2718 0.3296 0.5108 0.4491 0.5108 0.5738 0.6383 O.l 054 
60 0.1968 0.2675 0.3244 0.5026 0.4419 0.5026 0.5646 0.6281 O.l 037 
65 0.1999 0.2633 0.3193 0.4947 0.4350 0.4947 0.5558 0.6183 O.l 021 
70 0.2030 0.2592 0.3144 0.4871 0.4283 0.4871 0.5472 0.6087 0.1005 
75 0.2062 0.2553 0.3096 0.4797 0.4218 0.4797 0.5390 0.5995 0.0990 
so 0.2093 0.2515 0.3050 0.4726 0.4155 0.4726 0.5309 0.5906 0.0975 
85 0.2124 0.2478 0.3005 0.4657 0.4094 0.4657 0.5231 0.5819 0.0961 
90 0.2155 0.2442 0.2962 0.4589 0.4035 0.4589 0.5156 0.5735 0.0947 
95 0.2186 0.2408 0.2920 0.4524 0.3978 0.4524 0.5083 0.5654 0.0934 

"The manufacturer's listing specifies the temperature range for operation. 
bW/ V [agent weight requirements (kg/ m3)]  = kilograms of agent required per cubic meter of protected volume to produce indicated concentration 
at temperature specified. 

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

cl [temperature (0C)] = design temperature in the hazard area. 
ds [specific volume (m3/kg)] = specific volume of HCFC124 vapor can be approximated by s = 0.1585 + 0.0006� where lis the temperature (0C). 
cc [concenu·ation (%)] = volumetric concentration of HCFC-124 in air at the temperature indicated. 
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Table A. 7 .3.1 (g) HFC-125 Total Flooding Quantity (U.S. Units)a 

Specific Weight Requirements of Hazard Volume, W/V (lb/ft3)b 
Vapor 

Design Concentration (% by Volume)• Temp(t) Volume(s) 

("F)' (ft3 /lb)d 7 8 9 10 1 1  12 13 14 15 16 

-50 2.3902 0.0315 0.0364 0.0414 0.0465 0.0.517 0.0571 0.0625 0.0681 0.0738 0.0797 
-40 2.4577 0.0306 0.0354 0.0402 0.0452 0.0.503 0.0555 0.0608 0.0662 0.0718 0.0775 
-30 2.5246 0.0298 0.0344 0.0392 0.0440 0.0490 0.0540 0.0592 0.0645 0.0699 0.0754 
-20 2.5909 0.0291 0.0336 0.0382 0.0429 0.0477 0.0526 0.0577 0.0628 0.0681 0.073.5 
-10 2.6568 0.0283 0.0327 0.0372 0.0418 0.0465 0.0513 0.0562 0.0613 0.0664 0.0717 

0 2.7222 0.0276 0.0319 0.0363 0.0408 0.0454 0.0501 0.0549 0.0598 0.0648 0.0700 
10 2.7872 0.0270 0.0312 0.0355 0.0399 0.0443 0.0489 0.0536 0.0584 0.0633 0.0683 
20 2.8518 0.0264 0.0305 0.0347 0.0390 0.0433 0.0478 0.0524 0.0571 0.0619 0.0668 
30 2.9162 0.0258 0.0298 0.0339 0.0381 0.0424 0.0468 0.0512 0.0558 0.0605 0.0653 
40 2.9803 0.0253 0.0292 0.0332 0.0373 0.0415 0.0458 0.0501 0.0546 0.0592 0.0639 
50 3.0441 0.0247 0.0286 0.0325 0.0365 0.0406 0.0448 0.0491 0.0535 0.0580 0.0626 
60 3.1077 0.0242 0.0280 0.0318 0.0358 0.0398 0.0439 0.0481 0.0524 0.0568 0.0613 
70 3.1712 0.0237 0.0274 0.0312 0.0350 0.0390 0.0430 0.0471 0.0513 0.0556 0.0601 
80 3.2344 0.0233 0.0269 0.0306 0.0344 0.0382 0.0422 0.0462 0.0503 0.0546 0.0589 
90 3.2975 0.0228 0.0264 0.0300 0.0337 0.0375 0.0414 0.0453 0.0494 0.0535 0.0578 

100 3.360.5 0.0224 0.0259 0.0294 0.0331 0.0368 0.0406 0.0445 0.0484 0.0525 0.0567 
1 10  3.4233 0.0220 0.0254 0.0289 0.0325 0.0361 0.0398 0.0436 0.0476 0.0515 0.0556 
120 3.4859 0.0216 0.0249 0.0284 0.0319 0.0355 0.0391 0.0429 0.0467 0.0506 0.0546 
130 3.5485 0.0212 0.0245 0.0279 0.0313 0.0348 0.0384 0.0421 0.0459 0.0497 0.0537 
140 3.6110 O.Q208 0.0241 0.0274 0.0308 0.0342 0.0378 0.0414 0.0451 0.0489 0.0527 
150 3.6734 O.Q205 0.0237 0.0269 0.0302 0.0336 0.0371 0.0407 0.0443 0.0480 0.0519 
160 3.7357 0.0201 0.0233 0.026.5 0.0297 0.0331 0.0365 0.0400 0.0436 0.0472 0.0510 
170 3.7979 0.0198 0.0229 0.0260 0.0293 0.0325 0.0359 0.0393 0.0429 0.0465 0.0502 
180 3.8600 0.0195 0.0225 0.0256 0.0288 0.0320 0.0353 0.0387 0.0422 0.0457 0.0493 
190 3.9221 0.0192 0.0222 0.0252 0.0283 0.0315 0.0348 0.0381 0.0415 0.0450 0.0486 
200 3.9841 0.0189 0.0218 0.0248 0.0279 0.0310 0.0342 0.0375 0.0409 0.0443 0.0478 

"The manufacturer's listing specifies the temperature range for operation. 
hW/ V[agent weight requirement� (lb/ft3)]  � pounds of agent required per cubic foot of protected volume to produce indicated concentration at 
tern perarure specified. 

W=�(IOoc-c ) 
'l [temperature (°F)] � design temperature in the hazard area. 
ds [specific volume (ft3 /lb)] � specific volume of I-IFC-125 vapor can be approximated s �  2.7208 + 0.00641, where l � temperature (°F). 
ec [concentration (%)] � volumetric concentration of HFC-125 in air at the remperamre indicated. 
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3 x 0.344 in. (9 mm) 
through all on 03.40 in. 
(86 mm) bolt circle 

04.10 in. (4 mm) 
� .188 in. (9 mm) 

R .250 in. 
(6 mm) 

FIGURE C.l7(e) 

7.00 in. 
(178 mm) 

I , ��0 in. pmm) 

Base Support Plate, % in. (10 mm) Thick. 

FIGURE C.l7(f) Diffuser Bead Support Screen. (Material: 
304 SS). 
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Annex D Enclosure Integrity Procedure 

This annex is not a part of the ?rJfjuirements of this NFPA document 
but is included fm· informational purposes only. 

D.l Procedure Fundamentals. Table D. l shows the various 
symbols, quantities, and units related to the enclosure integrity 
procedure. 

D.l.l Scope. 

D.l.l.l This procedure outlines a method to equate enclosure 
leakage as determined by a door fan test procedure to worst­
case clean agent leakage. The calculation method provided 
makes it possible to predict the time it will take for a descend­
ing interface to fall to a given height or, for the continually 
mixed cases, the time for the concentration to fall to a given 
percentage concenu·ation. 

D.l.l.2 Enclosure integrity testing is not intended to verify 
other aspects of clean agent system reliability, that is, hardware 
operability, agent mixing, hydraulic calculations, and piping 
integrity. 

D.l.l.3 This pt·ocedure is limited to door fan technology and 
is not intended to preclude alternative technology such as 
acoustic sensors. 

D.l.l.4 This procedure should not be considered to be an 
exact model of a discharge test. The complexity of this proce­
dure should not obscure the fact that most failures to hold 
concentration at·e due to leaks in the lower surfaces of the 
enclosure, but the door fan does not differentiate between 
upper and lower leaks. The door fan provides a worst-case leak­
age estimate that is very useful for enclosures with complex 
hidden leaks, but it will generally require more sealing than is 
necessary to pass a discharge test. 

D.l.2 Limitations and Assumptions. 

D.l.2.1 Clean Agent System Enclosure. The following should 
be considered regarding the clean agent system and the enclo­
sure: 

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

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

(3) 1-.nclosure Height, H0. This method is valid for any height 
enclosure, and no special considerations are needed. 

(4) Bias Pressm·e. vVhenever possible, bias pressure differen­
tials at the time of the door fan test (P .. ) and during the 
hold time (Pbh) (due to HVAC system, elevator connec­
tions, etc.) across the enclosure envelope should be mini­
mized. The test can be relied on only for enclosures 
having the range of bias pressures outlined in D.2.6.2.3 
and D.2.7. 1.2(6).  
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Table D. I Symbols, Quantities, and Units 

Symbol 

C:nin 

EqLA 
F 

Pmi 

Quantity 

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

Calculated minimum concentration of extinguishant in air at height H in the 
enclosure at the end of the hold time; not less than 85 percent of the 
minimum design concentration 

Calculated equivalent leakage area (see Equation D.2.8.2) 
Calculated lower leakage fraction, equivalent leakage area oflower leaks 

divided by equivalent leakage area of aU leaks (see v:quations D.2.8.1.2 and 
D.2.8. 1.3) 

Acceleration due to gravity, typically 9.81 m/s2 
Minimum protected height, which is the highest level of combustibles 
Maximum flooded height, which is the measured enclosure height 
Calculated leakage constant of the room, where, Q = k1 • P'(see lJquation 

D.2. 7.3.3b) 
Calculated leakage constant for lower leaks 
Calculated leakage constant for total leaks 
Calculated intermediate variable (see lJquation D.2.8. 1.1) 
Calculated simplif)'ing constant (see lJquation D.2.8. 1.5.1a) 
Calculated simplif)ring constant (see lJquation D.2.8. 1.5.1b) 
Calculated leakage exponent, where Q = k1 • P' (see Equation D.2. 7.3.3a) 
Calculated leakage exponent for lower leaks 
Calculated flow exponent for total leaks 
Calculated pressure for the primary test point, usually 10 Pa (see Equation 

D.2. 7.3.2a) 
Calculated pressure for the secondary test point, usually 50 Pa (see Equation 

D.2. 7.3.2b) 
Measured test pressure for the primary test point in the depressurization 

direction 
Measured test pt·essure fot· the secondary test point in the depressurization 

direction 
Measured test pressure for the primary test point in the pressurization 

direction 
Measured test p1·essure fix the secondary test point in the pressurization 

direction 
Measured or estimated bias pressure dming the hold time 
Measured bias pressure at the time of the fan test 
Calculated initial agent-air mixture column pt·essure (see Equation D. 2. 7. 1. 4) 
Reference pressure difference for equivalent leakage area 
Calculated average flow at P1d and P1p (see Equation D.2. 7.3.2c) 
Calculated average flow at P2d and P2p 
Measured flow at P1d 
Measured flow at P2d 
Measured flow at P1p 
Measured flow at P2p 
Calculated hold time (see Equations D.2.8.1.5.1c, D.2.8.1.5.2, andD.2.8.1.5.3) 
Maximum intentionally flooded enclosure volume 
Air density at 21 oc and 1.013 bar aunospheric pressure, 1 .202 kg/m3 
Agent vapor density at 21 oc and 1.013 bar atmospheric pressure 
Density of agent-air mixtw·e 
Calculated agent-air mixtme density at 21 oc and 1.013 bar aunospheric 

pressure at Cm;,, 
Calculated agent-air mixture density at 21 oc and 1.013 bar atmospheric 

pressure at C1 (see Equation D.2. 7.1.3) 

Unit 

vol % 

vol % 

m/s2 
m 
m 

m3/(s-Pa") 

2001-125 

1113 I (s· Pa") 
m3/(s·Pa") 

kg"-m3<t-n) /s-Pa" 
m/s2 

Pa · m3/kg 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 
Pa 
Pa 
Pa 

m3/s 
m3/s 
1113/s 
m3/s 
m3/s 
m3/s 

1113 
kg/m3 
kg/m3 
kg/m3 
kg/m3 
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D.l.2.2 Door Fan Measurements. The following should be 
considered regarding the door fan and its associated measme­
ments: 

( 1 )  Door Fan Standards. Guidance regarding fan pressurization 
apparatus design, maintenance, and operation is provi­
ded by ASTM E779, Standard Jest Method jOT Determining 
Air Leakage Rate by Fan Pressurization, ASTM E1827, Stand­
m·d Jest Methods for Detennining Ai1·tightness of Buildings 
Using an Orifice Blower Dom� and CAN/CGSB-149. 10-l\186, 
Determination of the Ai1·tightness of Building r:'nvelopes by the 
Fan Depressurization Method. 

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

(3) Retum Path. ALI significant leaks must have an unrestric­
ted reUlrn path to the door fan. 

( 4) Leak Location. The difficulty in determining the specific 
leak location on the enclosure envelope boundaries using 
the door fan is accounted for by assuming clean agent 
leakage occurs through leaks at the worst location. This is 
when one-half of the total equivalent leakage area is 
assumed to be at the maximum enclosure height and the 
other half is at the lowest point in the enclosure. In cases 
where the below-false ceiling leakage area (BCLA) is 
mea5ured using 0.2.7.2, the value attained for BCLA is 
assumed to exist entirely at the lowest point in the enclo­
sure. 

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

D.l.2.3 Retention Calculations. The information in 0.1.2.3.1 
through 0.1 .2.3.8 should be considered regarding the reten­
tion calculations and the associated the01y. 

D.l.2.3.1 Dynamic Discharge Pressures. Losses due to the 
dynamic discharge pressures resulting from system acUlation 
are not specifically addressed. 

D.l.2.3.2 Bias Pressure. Variable external bias pressure differ­
ences (wind, etc.) are additive and should be considered. 

D.l.2.3.3 Floor Area. The floor area is assumed to be the 
volume divided by the maximum height of the protected enclo­
sure. 

D.l.2.3.4 Leak Flow Characteristics. All leak flow is one 
dimensional and does not take into account stream ft.mctions. 

D.l.2.3.5 Leak Flow Direction. A particular leak area does not 
have bidit·ectional flow at any point in time. Flow through a 
leak area is either into or out of the enclosure. 

D.l.2.3.6 Leak Discharge. The outflow fi·om the leak 
discharges into an infinitely large space. 
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D.l.2.3.7 Leak Locations. Calculations are based on worst­
case clean agent leak locations. 

D.l.2.3.8 Clean Agent Delivery. The calculations assume that 
the design concenu·ation of clean agent will be achieved. If a 
suspended ceiling exists, it is assumed that the clean agent 
discharge will not result in displacement of the ceiling tiles. 
Increased confidence can be obtained if ceiling tiles are clip­
ped within 4 ft (1 .2 m) of the nozzles and all perimeter tiles. 

D.l.3 Definitions. For the purposes of Annex C, the following 
definitions are to apply. 

D.I.3.1 Area, Effective Floor. The volmne divided by the 
maximum clean agent protected height. 

D.l.3.2 Area, Effective Flow. The area that results in the same 
flow as the existing system of flow areas when it is subjected to 
the same pressure difference over the total system of flow 
paths. 

D.l.3.3 Area, Equivalent Leakage (EqLA). The total 
combined area of all leaks, cracks, joints, and porous surfaces 
that act as leakage paths through the enclosme envelope. This 
is represented as the theoretical area of a shat·p-edged orifice 
that would exist if the flow into or out of the entire enclosure 
at a given pressure were to pass solely through it. 

D.l.3.4 Area, Return Path. The effective flow area that the air 
being moved by the door fan must u·avel through to complete a 
reUlrn path back to the leak. 

D.l.3.5 Attached Volumes. A space within or adjoining the 
enclosure envelope that is not protected by clean agent and 
cannot be provided with a clearly defined return path. 

D.l.3.6 Bias Pressure Difference. The pressure differential 
across the enclostu·e 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 enclcr 
sure is greater than outside the enclosure, that is, smoke would 
leave the enclosure at the enclosure boundary. 

D.l.3.7 Ceiling Slab. The boundary of the enclosure envelope 
at the highest elevation. 

D.l.3.8 Column Pressure. The theoretical maximum positive 
pt-essme created at the floOI' slab by the column of the clean 
agent-air mixture. 

D.l.3.9 Descending Interface. The enclosure integrity proce­
dure assumes a sharp interface. vVhen 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 inter­
face usually spreads because of diffusion and convection. These 
effect5 are not modeled because of their complexity. Where a 
wide interface is present, the descending interface is assumed 
to be the midpoint of a wide interface zone. Because of the 
conservatism built into the procedure, the effects of interface 
spreading can be ignored. If continual mechanical mixing 
occurs, a descending interface might not be formed. 

D.l.3.10 Door Fan. The device used to pressurize or 
dept·essurize an enclosure envelope to determine its leakage 
characteristics. Also called the fan pnJssurization apparatus. 

D.l.3.11 Enclosure. The volume being tested by the door fan. 
This includes the clean agent protected enclosure and any 
attached volumes. 
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D.l.3.12 Enclosure Envelope. The floor, walls, ceiling, and 
wof that together constitute the enclosure. 

D.l.3.13 Enclosure, Protected (V). The volume flooded by 
the clean agent extinguishing system. 

D.l.3.14 Fan. The component of the door fan used to move 
air. 

D.l.3.15 Fan Pressurization Apparatus. See D.1.3.10, Door Fan. 

D.I.3.16 Flooded Height, Maximum (H0}. The design height 
of the clean agent column at the end of the dischat-ge h-om the 
floor slab to the highest intentionally flooded point in the 
enclosure. This does not include the height of unprotected 
ceiling spaces. 

D.l.3.17 Floor Slab. The boundary of the enclosure envelope 
at the lowest elevation. 

D.l.3.18 Pressure Gauge, Flow. The component of the door 
fan used to measure the pressure difference across the fan to 
give a value used in calculating the flow into or out of the 
enclostu-e envelope. 

D.l.3.19 Pressure Gauge, Room. The component of the door 
fan used to measure the pressure differential across the enclo­
sm-e envelope. 

D.l.3.20 Protected Height, Minimum (H). The minimwn 
acceptable height from the floor slab to which the descending 
interface is allowed to fall dm-ing the retention time, as speci­
fied by the authority havingjurisdiction. 

D.l.3.21 Return Path. The path outside the enclosure enve­
lope that allows air to travel to/from the leak to/fi·om the door 
fan. 

D.2 Test Procedure. 

D.2.1 Preliminary Preparations. The individual(s) responsi­
ble for the protected enclosure should be contacted and the 
following preliminary steps should be taken: 

( 1 )  Provide a description of the test. 
(2) Advise the responsible individuals on time required for 

the test. 
(3) Determine the staff needed (to control traffic flow, set 

HVAC, etc.). 
(4) Determine the equipment required (e.g., ladders). 
(5) Obtain a description of the HVAC system. 
(6) Establish the existence of a false ceiling space and the 

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

respect to the completion of obvious sealing. 
(8) Determine if conflict with other building trades will 

occur. 
(9) Determine the size of doorways. 

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

( 1 1 )  Evaluate other conflicting activities in and awund space 
(e.g., interruption to the facility being tested). 

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

D.2.2 Equipment. The equipment identified in D.2.2.1 and 
D.2.2.2 is necessary to test an enclosure using fan pressuriza­
tion technology. 
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D.2.2.1 Door Fan System. 

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

D.2.2.1.2 The fan should have a variable speed control or a 
control damper in series with the fan. 

D.2.2.1.3 The fan should be calibrated in air flow units or be 
connected to an air flow metering system. 

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

D.2.2.1.5 The room pressure gauge should be capable of 
measuring pressure differences fi-om 0 Pa to at lea�t 50 Pa. It 
should have an accuracy of ±1 Pa and divisions of 1 Pa or less. 
Inclined oil-filled manometers are considered to be traceable 
to a primary standard and need not be calibrated. All other 
pressure-measurement apparatus (e.g., electronic transducer 
or magnehelic) should be calibrated at least yearly. 

D.2.2.1.6 Door fan systems should be checked for calibration 
every 5 years under controlled conditions, and a certificate 
should be available for inspection at all integrity tests. The cali­
bration should be performed according to manufacturer's 
specifications. 

The certificate should include the following: 

(1)  Description of calibration facility and responsible techni­
cian 

(2) Date of calibration and serial number of door fan 
(3) Room pressure gauge error estimates at 10 Pa, 15 Pa, 

20 Pa, and 50 Pa measmed by both ascending and 
descending pressures (minimum) 

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

D.2.2.1.7 A second tan or multiple fans \vith flex duct and 
panel to flow to above-ceiling spaces is optionaL 

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

( 1 )  Smoke pencil, fully chat-ged 
CAUTION: Use of chemically generated smoke as a 
means of leak detection can result in activation of build­
ing or clean agent system smoke detectors. Appt·opriate 
precautions should be taken. Due to the corrosive 
nature of the smoke, it should be used sparingly. 

(2) Bright light source 
(3) Floor tile lifter 
( 4) Mea�ming tape 
(5) Masking or duct tape 
(6) Test forms 
(7) Multitip screwdrivers 
(8) Shop knife ot- utility knife 
(9) Several sheets of thin plastic and cardboard 

(10) Door stops 
( 1 1 )  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.2.3 Field Calibration Check. 

D.2.3.1 This procedme enables the authority having jurisdic­
tion to obtain an indication of the door fan and system calibra­
tion accuracy upon request. 
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D.2.3.2 The field calibration check should be done in a sepa­
L-ate enclosure. Seal off any HVAC registers and grilles if 
present. Install the door fan per manufacmrer's instructions 
and D.2.5. Determine if a bias pressure exists using D.2.6.2. 
Check openings acmss the enclosure envelope for air flow with 
chemical smoke. If any appreciable flow or pressure exists, 
choose another room or eliminate the source. 

D.2.3.3 Install a piece of rigid material less than Ys in. (3 mm) 
thickness (free of any penetrations) in an unused fan port or 
other convenient enclosure opening large enough to accept an 
approximately 155 in 2 (0.1 m2) sharp-edged round or square 
opening. 

D.2.3.4 Ensure that the door fan flow measurement system is 
mrned to propedy measure pressurization or depressurization 
and operate the fan to achieve a convenient pressure differen­
tial, preferably 10 Pa. 

D.2.3.5 At the pressure achieved, measure the flow and calcu­
late an initial EqLA value using D.2.7.3. Repeat the EqLA meas­
urement under positive pressure, then average the tvvo results. 

D.2.3.6 Create a sharp-edged round or square opening in the 
rigid material. The area of this opening should be at least 
33 percent of the initial EqLA measured. Typical opening sizes 
are approximately 77.5 in.2, 155 in.2, and 310 in.2 (0.05 m2, 
0 .1  m2, and 0.2 m2) ,  depending on the initial leakage of the 
enclosme. Adjust the fan to the previously used positive or 
negative pressure differential. Measure the flows, then calculate 
an average EqLA value using D.2.8.2. 

D.2.3.7 Field calibration is acceptable if the difference 
between the first and second EqLA value is within + 15 percent 
of the hole area cut in the t·igid material. If the difference in 
EqLA values is greater than +15 percent, the door fan appara­
ms should be recalibrated according to the manufacturer's 
t·ecommendations and to ASTM E779, Standani Test Method fo1· 
Determining Ai1· Leakage Rate by Fan Pressm"ization, ASTM E 1 258, 
Standard ?est Method fo1· Ai1jlow Calibmtion of Fan Presswization 
Devices, or CAN/CGSB-149.10-M86, Dete1mination of the Ai,·tight­
ness of Building Envelopes by the Fan Depresswization Method. 

D.2.4 Initial Enclosure Evaluation. 

D.2.4.1 Inspection. 

D.2.4.1.1 Note the areas outside the enclosure envelope that 
will be used to supply or accept the door fan air. 

D.2.4.1.2 Inspect all openable doors, hatches, and movable 
partitions for their ability to remain shut during the test. 

D.2.4.1.3 Obtain or generate a sketch of the floor plan show­
ing walls, doorways, and the rooms connected to the test space. 
Number or name each doorway. 

D.2.4.1.4 Look for large attached volumes open to the test 
space via the floor or walls of the test space. Note volumes and 
apparent open connecting areas. 

D.2.4.1.5 Check floor drains and sink drains for traps with 
liquid. 

D.2.4.2 Measurement of Enclosure. 

D.2.4.2.1 Measure the clean agent pmtected enclosure 
volume. Record all dimensions. Deduct the volume of large 
solid objects to obtain the net volume. 
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D.2.4.2.2 Measure the maximum flooded height. 

D.2.4.2.3 Calculate the effective floor area by dividing the net 
clean agent protected volume by the maximum clean agent 
protected enclosure height. 

D.2.4.3 Preparation. 

D.2.4.3.1 Advise supervisory personnel in the area about the 
details of the test. 

D.2.4.3.2 Remove papet·s and objects likely to be affected by 
the air currents from the discharge of the door fan. 

D.2.4.3.3 Secure all doorvvays and openings as for a clean 
agent discharge. Post personnel to ensure the doorways and 
openings stay shut/open. Open doorways inside the protected 
enclosure even though they could be closed upon discharge. 

D.2.4.3.4 Get the user's personnel and/or the clean agent 
contractor to set up the room in the same state as when a 
discharge would occur, that is, HVAC shut down, dampers 
closed, and so forth. Confirm that all dampers and closable 
openings are in the discharge-mode position. 

D.2.5 Door Fan Installation. 

D.2.5.1 The door fan apparatus genet·ally consists of a single 
door fan. A double or multiple door fan for larger spaces or for 
neutralizing leakage through a suspended ceiling can be used 
for certain applications. 

D.2.5.2 Set up one fan unit in the most convenient doorway 
leading into the space, ideally the doorway that opens into the 
largest return path area. Consideration should be given to indi­
viduals requiring access into or out of the facility. 

D.2.5.3 Follow the manufacntrer's insu-uctions regarding 
setup. 

D.2.5.4 Before door fan installation, examine the sealing 
around the door that the door tan will be mounted in to deter­
mine if significant leakage exists. If significant leaks are found, 
they should be corrected. H the manufacturer's stated door fan 
sealing system leakage is less than the apparent remaining leak­
age of the doorway, the difference must be added to the leak­
age calculated. 

D.2.5.5 Ensure that all pressure gauges are leveled and zeroed 
priot- to connecting them to the fan apparams. Unless the 
gauge has an auto-zero function that is mrned on, this should 
be done by first gently blowing into or drawing fi·om the tubes 
leading to the pressure gauges so the needle, fluid, or readout 
moves through its entire span and stays at the maximum gauge 
reading for 10 seconds. This confirms proper gauge operation. 
If a magnehelic gauge is being used, gently tap the gauge face 
for 10 seconds. With both ports of each gauge on the same side 
of the doorway (using tubes if necessary) , zero the gauges with 
their particular adjusting method. 

D.2.5.6 Connect the mbing for the room pressure gauge. 
Ensure tl1e tube is at the floor slab elevation and extends at 
least 10 ft (3 m) away from the outlet side of the door fan, away 
from its air su-eam path, and av;ay from all significant air 
streams (i.e., I-IVAC air flows or openings where air flow could 
impinge on the tube) .  

D.2.5.7 The door fan should be arranged to alternately blow 
out of (depressurize) and blow into (pressurize) the space. 
Both meawrements should be taken as described in D.2.8. 



D.2.6 Door Fan Enclosure Evaluation. 

D.2.6.1 Pressure Run-up Inspection. 
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D.2.6.1.1 Activate the fan and adjust the enclosure pressure to 
+ 15 Pa so that smoke used for air current detection moves out 
of the enclosure. 

D.2.6.1.2 Inspect all dampers with smoke to ensure they are 
closing properly. Record problems and notify individuals 
responsible for the enclosure of the problems. 

D.2.6.1.3 Inspect doors and hatches to ensure correct closure. 
Record problems and notify individuals responsible for the 
enclosure of the problems. 

D.2.6.1.4 Inspect the wall perimeter (above and below the 
false floor) and the floor slab for major leaks. Note location 
and size of major leaks. Track down major· air flow currents. 

D.2.6.2 Bias Pressure Measurement. 

D.2.6.2.1 Bias pressures are the background pressures that 
exist in the enclosure when the fan is stopped and sealed. Bias 
pressure must be measured or estimated for two different 
conditions. The first condition (which can always be measured) 
is the bias pressure pr-esent during the actual enclosure integ­
rity test ( Pb,). The second condition (which may need to be esti­
mated) is the bias pressure expected after discharge, during 
the hold time (PM). To measure bias pressure, seal the fan 
opening with the door fan properly installed but without the 
fan operating. Observe the room pr-essure gauge for at least 
30 seconds. Look for minor flucmations in pressure. Deter­
mine the flow direction with smoke or other indicating 
method. 

D.2.6.2.2 With the room set up as it would be under hold time 
conditions, measure the bias pressure Pbh across a section of 
envelope containing the largest quantity of leaks expected to 
leak clean agent. If the subfloor is pressurized during the hold 
time, measure the differential between the subfloor and 
outside the envelope. If the room cannot be set up as would be 
under discharge conditions, Pb,. will need to be estimated. 

D.2.6.2.3 \1\Tith the room set up for the room integrity test, 
measure the bias pressure Pbr If Phi has an absolute value 
greater than 25 percent of the column pressure calculated in 
D.2.7.1.4, it must be permanently reduced. Large bias pressures 
decrease the level of certainty inherent in this procedure. The 
most common causes of excessive bias pressure are leaky damp­
ers, ducts, and failure to shut down air-handling equipment 
serving the enclosure. 

D.2.6.2.4 Record the position of all doorways, whether open 
or shut, when the bias pressure Pbh is measured. 

D.2.7 Door Fan Measurement. 

D.2.7.1 Total Enclosure Leakage Method. 

D.2.7.1.1 This method determines the leakage of the entire 
enclosure envelope. It is determined by measuring the enclo­
sure leakage under both positive and negative pressures and 
averaging the absolute values of the readings. This approach is 
used to minimize the influence of bias pressures on the leakage 
calculation. 

D.2.7.1.2 The procedures for determining the leakage of the 
entire enclosm·e envelope are as follows: 
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( 1 )  Prop open all doorways around the enclosure and post 
personnel to ensure they stay open. 

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

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

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

(5) Remeasure the bias pressure at the time of the door fan 
test (P01) between the room (not below the false floor) 
and the reUlrn path space. 

(6) Make every effort to reduce Pb, by shutting down air­
handling equipment even though it can operate during 
discharge. Pb, must be within a range of ±5 Pa. 

(7) Record Phi and determine its direction using smoke or 
other means. 

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

damping system incorporating four averaging tubes on 
each side of the building or electronic averaging to elim­
inate its effects. CAN/CGSB-149.10-M86, Dete1mination of 
the Airtightness of Building Envelopes by the Fan Depresswiza­
tion Method, can be used. 

(10)  If a subfloor pressurization air handler cannot be shut 
down for the test and leaks exist in the subfloor-, those 
leaks cannot be accurately measttred. Every attempt 
should be made to reduce subfloor leaks to insignifi­
cance. During the test, as many floor tiles as possible 
should be lifted to reduce the amount of subfloor pres­
sm·ization. Note that under such conditions the suspen­
ded ceiling leakage neun·alization method will be 
difficult to conduct due to massive air mrbulence in the 
room. 
CAUTION: The removal of r·aised floor tiles Ct·eates a 
serious safety hazard. Appropriate precautions should be 
taken. 

( 1 1 )  If relief dampers are present, they should be blocked 
shut so they do not open during the door fan test. (At 
the completion of the test, the dampers must be 
unblocked.) 

D.2.7.1.3 Agent-Air Mixture Density. Calculate the density of 
the agent-air mixture (p..,.;) using the following equation: 

[D.2. 7.1.3] 

= 
_s_+[ (100-C,)] 

P... P, 100 P. 100 

p, values are shown in Table D.2.7.1.3. 

D.2.7.1.4 Calculate the initial column pressure caused by the 
clean agent-air mixture in the protected enclosure using the 
following equation: 

[D.2.7.1.4] 

D.2.7.1.5 Depressurize the enclosure with a door fan until the 
measured pressure differential reading on the gauge is -10 Pa. 
If using analog gauges, tap both the room pressure gauge and 
the flow pressure gauge for 10 seconds each. Wait an additional 
30 seconds before taking the readings. Record pressure P1d. 
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Table D.2.7.1.3 Agent Vapor Densities at 70°F (21 oq and 
14.7 psi (1.013 bar) atmospheric pressure (p,) 

Vapor Densities 

Agent lb/ft3 kg/m3 

FK-5-1-12 0.865 13.86 
HCFC Blend A 0.240 3.85 
HCFC 124 0.363 5.81 
HFC-125 0.313 5.02 
HFC-227ea 0.453 7.26 
HFC-23 0.183 2.92 
HFC-236fa 0.407 6.52 
FIC-13Il 0.500 8.01 
HFC Blend B 0.263 4.22 
IG-01 0.104 1.66 
IG-100 0.072 1 . 1 6  
IG-541 0.088 1 .41 
IG-55 0.088 1 .41 
HB-55 0.4951 7.9310 

D.2.7.1.6 Measure the ait· flow (bd in cubic meters per second 
required to obtain P1d· 
D.2.7.1.7 Repeat 0.2.7.1.5 and 0.2.7.1.6 at a pressme of 
-50 Pa (or higher), record P2d, then measme the flow U 2u> · To 
reduce extrapolation errors, the ratio of P2d to P1d must be 5:1  
or more. 

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

D.2.7.1.8 Repeat the procedme in 0.2.7.1.5 through 0.2.7. 1 .7 
while pressmizing the enclosme to +10 Pa (P1p) and +50 Pa (P2p) 
and measure the air flows. Each pressure must be within 
5 percent of the corresponding depressurization pressure. 

D.2.7.1.9 Ensure that the door fan flow measmement system 
is actually turned around between tests to properly measure 
pressurization or depressurization and that the motor rotation 
is not simply reversed. Ensme that the air flow entet·ing the 
room is not deflected upward, which can cause Lifting of any 
existing ceiling tiles. 

D.2.7.2 Suspended Ceiling Leakage Neutralization Method 
(Optional). 

D.2.7.2.1 Where an unobstructed suspended ceiling exists, the 
leakage area below the ceiling can optionally be measured by 
neutralizing ceiling leaks. This method provides a more accu­
rate estimate of retention time. This method should not be 
used if the walls between rooms within the zone are sealed at 
the ceiling slab. This medwd cannot be used when the system 
is designed to protect the area above the suspended ceiling. 
This test method does not imply that leakage above the suspen­
ded ceiling is acceptable. This technique can be difficult or 
impossible to perform under the following conditions: 

( 1 )  Air movement within the room could make it difficult to 
observe neutralization, particularly in small rooms. 
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(2) Obstructions above the suspended ceiling, that is, beams, 
ducts, and partitions, could make it difficult to obtain 
uniform neutralization. 

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

D.2.7.2.2 If not already done, obtain the leakage of the 
protected enclosure u�ing the total enclosure leakage method 
in 0.2.7.1. 

D.2.7.2.3 Ceiling level supply registers and rentrn grilles can 
be temporarily sealed off to increase the accuracy of this 
method. If such openings are sealed, Pb, should be re­
measured. 

Temporary sealing of such openings is not permitted when a 
total enclosme leakage test is being conducted. 

D.2.7.2.4 Install two separate door fans or a multiple fan 
system with one fan ducted to the space above suspended ceil­
ing and the other ducted into d1e room space below the 
suspended ceiling. It is not necessary to measure air flow 
through the upper fan. 

D.2.7.2.5 Depressurize above and below the suspended ceiling 
by adjusting two separate fans until the required pressure 
reduction and the suspended-ceiling leak neuu·alization (i.e., 
no air flow through the suspended ceiling) are achieved. 

Leaks are neutralized when, at opened locations in the 
suspended ceiling, smoke does not move up or down when 
emitted within Y1 in. (6 mm) of the openings. If neutralization 
is not possible at all locations, ensure that smoke either does 
not move or moves down but not up. Choose undisturbed loca­
tions away from flex duct flows, air su·eams, and lighting 
fixtures, because local air velocities make neuu·alization diffi­
cult to detect. 

D.2.7.2.6 Measure the air flow ( (bd and Qzd) d1rough the fan 
that is depressurizing the volume below the false ceiling to 
obtain the pressure (P1d and Pu) . 

D.2.7.2.7 Repeat the procedure in 0.2.7.2.5 and 0.2.7.2.6 
while pressurizing the enclosure, except ensure that smoke 
either does not move or moves up but not down. 

D.2.7.2.8 An alternative method for measuring the below­
ceiling leaks consists of temporarily sealing identifiable ceiling­
level leaks using a flexible membrane, such as polyethylene 
sheet and tape, and then measuring the below-ceiling leakage 
solely using door fans drawing from the lower part of the room. 
No flex duct is needed. Examples of sealable leaks are undam­
pered ceiling-level supply registers or return grilles or an entire 
suspended ceiling lower surface. 

D.2.7.3 Leakage Calculation. 

D.2.7.3.1 This subsection outlines the door fan calculation to 
be used in conjunction with 0.2.7.1 and 0.2.7.2. 

D.2.7.3.2 Cmrect the recorded pressures for bias pressure 
during the test (P/JI) and then average the magnitude of each 
pressure measurement to get the average pressures P, and P2 
using Equations 0.2.7.3.2a and 0.2.7.3.2b. Average the flows at 
each pressure measurement to get the average flows � and (b 
using Equations 0.2.7.3.2c and 0.2.7.3.2d. 
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[D.2.7.3.2a] 

[D.2. 7.3.2b] 

[D.2.7.3.2c] 

[D.2.7.3.2d] 

D.2.7.3.3 Calculate the flow exponent n and the flow constant 
k, using the following equations: 

k, - C6 
(P,)"  

n is  typically in the range of 0.48 to 0.85. 

[D.2.7.3.3a] 

[D.2. 7.3.3b] 

[D.2.7.3.3c] 

D.2.7.3.4 Equations D.2.7.3.2a through D.2.7.3.2d, D.2.7.3.3a, 
and D.2.7.3.3b should be used for both the total enclosure 
leakage method (see D.2.7.1) and the optional suspended ceil­
ing leakage neutralization method (see D.2. 7.2). 

D.2.8 Retention Calculation. 

D.2.8.1 Calculation. 

D.2.8.1.1 Calculate the intermediate calculation vat·iable k;, 
using the following equation: 

[D.2.8.1.1] 
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D.2.8.1.2 Leak Fraction for Total Leakage Method. If the 
leakage is measured using only D.2.7. 1 ,  the worst-case leakage 
disu·ibution must be assumed and the following lower leak frac­
tion should be used: 

[D.2.8.1.2] 
F = 0.5 

D.2.8.1.3 Leak Fraction for Lower Leakage Method. If a 
lower leaks test is pedormed and the lower leakage is meas­
ured, then the lower leak fraction (F) is determined using the 
following equation: 

[D.2.8.1.3] 

For extinguishants lighter than air, F= 0.5. 

D.2.8.1.4 Minimum Height. Determine fi·om the authority 
having jurisdiction the minimum height from the floor slab 
(H) that is not to be affected by the descending interface 
during the holding period. 

D.2.8.1.5 Time. For extinguishants that are heaviet· than air, 
determine if a descending interface will form dw-ing the hold 
time or if continual mixing will occur. If a descending interface 
will fonn, use Equations D.2.8. 1 .5 . la thmugh D.2.8. 1 .5.lc to 
calculate the minimum time (t) that the enclosure is expected 
to maintain the descending interface above (H). If continual 
mixing is expected to occur, use Equation D.2.8.1.5.2 to deter­
mine the time (t) it will take for the concentration to drop 
fi-om C; to C.nin· In all cases, if the extinguishant density is 
lighter than air, then continual mixing is assumed to occur, and 
Equation D.2.8.1.5.3 should be used to calculate the retention 
time. 

D.2.8.1.5.1 Calculation for Extinguishants That Are Heavier 
Than Air with a Descending Interface. Calculate the simplify­
ing constant � using this equation: 

[D.2.8.1.5.la] 

Calculate the simplifying constant k., using this equation: 

k = 2IP,,I 1 ( 
F 

)1/n 
p,, + p" l-F 

[D.2.8.1.5.lb] 

[D.2.8.1.5.lc] 
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D.2.8.1.5.2 Calculation for Extinguishants That Are Heavier 
Than Air with Continual Mixing. 

v ·· [ 2 H I - l(ul)/• +2P I - 1'1" ]-· l = 
F

k. f g,. " P. P.. ( F 
)V• P. P. dp. 

- P., p + n " "· 1 - F 

[D.2.8.1.5.2] 

D.2.8.1.5.3 Calculation for Extinguishants That Are Lighter 
Than Air. 

[ ]-· V . 2 H 1 .. •>/• 2P. if• l = - "r g. oiP. - P. I + .. IP. - P.I ctp 
Fk. J ( 

F )if• . 
. •  ., p + p --• " 1 - F  

[D.2.8.1.5.3] 

Calculate p,1 using Equation 0.2.7.1.4 and substituting C,";" for 
ci. 

D.2.8.2 Leakage area fm visualization or relief vent calcula­
tion is found by the following equation: 

[D.2.8.2] 

This leakage area is commonly referred to as the equivalent 
leakage area (EqLA) and is equivalent to the area of a hole in a 
thin flat plate with a discharge coefficient of 0.61 at the pres­
sure of interest, P,.1 
D.2.8.3 Acceptance Criteria. The time (t) that was calculated 
in 0.2.7. 1 .5 must equal or exceed the holding time period 
specified by the authority havingjurisdiction. 

D.2.9 Leakage Control. 

D.2.9.1 Leakage Identification. 

D.2.9.1.1 While the enclosure envelope is being pressurized 
or depressurized, a smoke pencil or other smoke source should 
be used to locate and identify leaks. 

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

D.2.9.1.2 Leakage identification should focus on obvious 
points of leakage, including wall to floor slab joint, wall to ceil­
ing slab joint, penetrations of all kinds, HVAC duct\vork, doors, 
and windows. 

D.2.9.1.3 Alternative methods for leakage identification are 
available and should be considered. One method is the use of a 
directional acoustic sensor that can be selectively aimed at 
different sound sources. Highly sensitive acoustic sensors are 
available that can detect air as it flows through an opening. 
Openings can be effectively detected by placing an acoustic 
source on the other side of the barrier and searching for acous­
tic transmission independent of fan pressurization or depressu­
t-ization. Another alternative is to use an infi·ared scanning 
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device if temperature differences across the boundaty are suffi­
cient. 

D.2.9.2 Leakage Alteration. 

D.2.9.2.l Procedure. 

D.2.9.2.l.l Protected areas should be enclosed with wall parti­
tions that extend from the floor slab to the ceiling slab or from 
the floor slab to the roof. 

D.2.9.2.1.2 If a raised floor continues out of the pmtected 
area into adjoining rooms, partitions should be installed under 
the floor directly under above-floor border partitions. These 
partitions should be caulked top and bottom. If the adjoining 
rooms share the same undet'-floor air handlers, then the parti­
tions should have dampers installed in the same manner as is 
requit-ed for duct\vork. 

D.2.9.2.1.3 Any holes, cracks, or penetrations leading into or 
out of the protected area should be sealed, including pipe 
chases and wire troughs. All walls should be caulked around 
the inside perimeter of the room where the walls rest on the 
floor slab and where the walls intersect with the ceiling slab or 
roof above. 

D.2.9.2.1.4 Porous block walls should be sealed slab-to-slab to 
prevent gas from passing through the block. Multiple coats of 
paint could be required. 

D.2.9.2.1.5 All doors should have door sweeps or drop seals 
on the bottoms and weather stripping around the jambs, latch­
ing mechanisms, and doot- closer hardware. In addition, 
double doors should have a weather-stripped astragal to 
prevent leakage between doors and a coordinator to ensure 
pmper sequence of closut-e. 

D.2.9.2.1.6 Windows should have solid weather stripping 
around all joints. 

D.2.9.2.1.7 All unused and out-of:.Service ductwork leading 
into or from a protected area should be permanently sealed off 
(airtight) with metal plates caulked and screwed in place. Duct­
work still in set-vice with the building air-handling tmit should 
have butterfly blade-type dampers installed with neoprene 
seals. Dampers should be spring-loaded or motor-operated to 
provide 100 percent air shutoff Alterations to air conditioning, 
heating, ventilating duct\llork, and related equipment should 
be in accordance with NFPA 90A or NFPA 90B, as applicable. 

D.2.9.2.1.8 All floor drains should have traps, and the traps 
should be designed to have water or other compatible liquid in 
them at all times. 

D.2.9.2.2 Materials. 

D.2.9.2.2.1 All materials used in altering leaks on enclosure 
envelope boundaries, including walls, floors, partitions, finish, 
acoustical u·eatment, raised floors, suspended ceilings, and 
other construction, should have a flame spread rating that is 
compatible with the flame spread requirements of the enclo­
sw·e. 

D.2.9.2.2.2 Exposed cellular plastics should not be used for 
altering leakage unless considered acceptable by the authority 
having jurisdiction. 

D.2.9.2.2.3 Cable openings or other penetrations into the 
enclosure envelope should be firestopped with material that is 
compatible with the fire rating of the ban-iec 
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D.2.10 Test Report. Upon completion of a door fan test, a 
written test report should be prepared fot· the authority having 
jurisdiction and made part of the permanent record. The test 
report should include the following: 

( 1 )  Date, time, and location of the test 
(2) Names of witnesses to the test 
(3) Room dimensions and volume 
( 4) All data generated during the test, including computer 

printouts 
(5) Descriptions of any special techniques utilized by the test­

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

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

(7) Test equipment make, model, and serial number 
(8) Copy of current calibration certificate of test equipment 
(9) Name and affiliation of the testing technician and signa-

ture 

Annex E Enclosure Evaluation 

This annex is not a paTt of the 1·equinmzents of this NFPA document 
but is incl-uded for informational purposes only. 

E.l The discharge of a clean agent total flooding fire­
extinguishing system into a protected enclosure creates pres­
sure fluctuations therein. Normally, for halocarbon agents, the 
enclosure will have enough vent area and resistive strength to 
moderate and resist the pressure changes so that no damage 
occurs. In some circumstances, however, the enclosure could 
be damaged by the momentary pressure change. Damaging 
pressure can develop if there is insufficient vent area pwvided 
by normal leakage in the enclosure boundary. AI ternatively, 
enclosure damage might occur due to a relatively weak 
consu·uction, perhaps because of design ot· fabrication defi­
ciencies. Damage could occur due to a combination of these 
factors. 

The peak pressure created in an enclosure depends on many 
factors, including the agent concentration and discharge time, 
humidity, opening characteristics of the system discharge valve, 
and the aggregate vent area of the enclosure. The most influ­
ential parameter is the aggregate vent area, which comprises all 
openings, whether unintentional or intentional. 

Pressures are developed within an enclosure during the 
discharge of both inert and halocarbon clean agents. The 
discharge of an inert agent results in only a positive pressure 
change, as illustrated by Figure E.1  (a). 

On the other hand, the discharge of a halocarbon agent 
usually creates an initially negative pressure change followed by 
a positive pressure change, as illustrated by Figure E.1 (b). 

Figure E.1 (b) shows the measured pressure changes within 
an enclosure during an actual discharge of halocarbon clean 
agent. The measured pressure within the enclosure initially 
dropped to a negative peak value of -387 Pa (8.1 psf) , then 
rose to the positive peak value of +671 Pa (14.0 psf) before fall­
ing back down to 0, about 10 seconds after the end of the 5-
second discharge. 
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Enclosures must be capable of withstanding peak pressures, 
whether positive in the case of the inert agents or both negative 
and positive in the case of the halocarbon agents. To achieve 
this objective, it is necessary to determine the strength of the 
enclosure's bounding walls, floor, and ceiling in terms of their 
abil.ity to resist pressure decreases and increases as applicable 
to the specific agent. 

The strength of the enclosure walls and ceiling usually deter­
m.ines the overall su·ength of an enclosure. The su·ength and 
physical dimensions of the construction elements play an 
important role. For example, a common wall construction 
system consists of gypsum wallboard attached to vertical studs 
of either metal or wood. The inherent su·ength of the stud 
system will dictate the overall strength of the wall. The stud 
material, physical dimensions, and spacing between smds have 
a significant influence on the overall strength of the smd 
system. 
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FIGURE E. I (a) Example of an Actual IG-541 60-Second 
Discharge Showing Peak Pressure. 
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FIGURE E.l(b) Example of an Actual HFC-227ea Discharge 
Showing Peak Pressures. 
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Annex F Storage Containers for Vaporizing-liquid Agents 

This annex is not a paTt of the 1·equimnents of this NFPA document 
but is included fm· infm·mational pu1poses only. 

F.1 Introduction. Containers of vaporizing-liquid agents are 
usually pressurized with nitrogen or other gases, which facili­
tates liquid discharge. Some of the nitrogen dissolves in the 
agent liquid phase, in accordance with Henry's law, which has 
the effect of decreasing the liquid density and increasing its 
volume. Changes in storage temperature cause the container 
pressure, the liquid- and gas-phase volumes, and the amount of 
nitrogen in each phase to change. 

Figure F.1 depicts how temperature changes can affect 
container contents. Het·e, the estimated relative volumes of gas 
and liquid are shown at three temperatmes for HFC-227ea 
pressurized to 360 psi (2480 kPa) at 70°F (21 °C) at a fill density 
of 70 lb/ft3 ( 1 1 2 1  kg/m3) ,  cooled to 32°F (O"C), followed by 
heating to 1 00°F (38°C). After initial container fill and equili­
bration, the estimated relative liquid and gas volumes are about 
87 percent and 13 percent, t·espectively. On cooling to 32°F 
(0°C), say during transport in the winter, the liquid density 
increases and its volume decreases. The new relative liquid and 
gas volumes change to about 81 percent and 19 percent, a rela­
tive gas volume increase of 46 percent. The pressure in the 
expanded gas volume decreases and is initially no longer in 
pressm·e-equilibrium with the liquid phase. Pressure equili­
brium between the phases is restored by nitrogen bubbling out 
of solution (i.e., effervescence) to achieve a new equilibrium 
pressure of about 310 psi (2140 kPa). In this example, it is esti­
mated that the amount of niu·ogen in the gas phase increases 
about 48 percent. Removal of the cooled container to a warm 
storage space causes liquid expansion and gas phase contrac­
tion. In this example, the storage area is assumed to be at 100°F 
(38°C) and that the container and contents heat rapidly with­
out agitation. The new estimated relative liquid and gas 
volumes are 92.1 percent and 7.9 percent. Gas-phase pressure 
increases significantly due to (a) the volume reduction of 
58 percent from the cooled state and (b) very slow transport of 
nitrogen back to the liquid phase. In the limit of negligible 
nitrogen movement to the liquid, it is estimated that the pres­
sure in the warmed container could exceed 850 psi (5860 kPa). 
It is feasible that there are scenarios where non-equilibrium 
pressures could exceed the pressure rating of the container 
burst disc. 

The intent of this annex is to present information, where 
available, that could be useful in estimating non-equilibrium 
pressures in storage containers subject to rapid temperature 
rise. Agent property data is given in Section F.2 for HFC-125 
and HFC-227ea over a range of temperatures, including: 

( 1 )  Agent liquid density and vapor pressure 
(2) Henry's law constant for niu·ogen solubility in agent 

liquid 
(3) Nitrogen-to-agent fill quantities over a range of cylinder 

fill densities 

Additionally, an important property of nitmgen-pressurized 
agent is the density of the niu·ogen-saturated liquid pha5e, a 
metric necessary for estimating the volume of the vapor space 
in a container at different storage temperatures. Density of 
nitrogen-saturated liquid can be estimated from calibration 
charts developed by system manufacnu·ers for use in measuring 
liquid-level in system containers. 
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92. 1% 

FIGURE F.1 Estimated Volumes of Liquid and Gas Phases 
ofHFC-227ea at a Fill Density of 70 lb/f� (1121 kg/m3) 
Pressurized with Nitrogen to 360 psi (2480 kPa) at 70oF (21 °C). 

F.2 Agent Properties. The agent property values given in this 
section are derived from manufacturer's data provided in the 
references identified in Section F.3. 

F.2.1 HFC-125 Properties. 

F.2.1.1 HFC-125: Vapor Pressure and Liquid Density. Table 
F.2 . 1 . 1 (a) and Table F.2 . 1 . 1 (b) give the vapor pressure and 
liquid density of HFC-125 at vat·ious temperatmes. Equations 
F.2 . 1 . 1a through F.2. 1 . 1d can be used to approximate values at 
other temperantres. 

[F.2.1.1a] 

Pv = ( 3.781 x l0-5 )t3 + (7.878 x l0-3 )t2 + (1.060)t + 53.69 

where: 
P,, = Vapor pressme [psi] 

t = Temperantre [°Fl 

[F.2.1.1b] 

P.,, = (1.774x I0-5 )t3 + ( 2.381 x 1 0-3 )t2 + (2.101 x1o-' )t + 6.730 

where: 
P,, = Vapor pressme [bar] 

t = Temperature [°Cl 

[F.2.1.1c] 
PL = (-1.020xl0-7 )t"' + (1. 149xJO-' )t' + (-1.719xl0..., )t' + ( -1.710xlo-' )t + 87.26 

where: 
PL = Liquid density (lb/ft3l 

t = Temperature [°F] 

[F.2. l.ld] 
p,_ = ( -3.4l9xlo- ' )t' + (1.686x10-3) t3 + (-1.948 xlO"' )t' + ( -5.336)1 + 1321 

where: 
P1. = Liquid density [kg/m3l 

t = Temperature [°Cl 
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Table F.2.1 .1 (a) HFC-125: Vapor Pressure and Liquid Density, 
US Units 

Temperature Vapor Pressure Liquid Density 

OF Psi lb/ft3 

0 53.15 87.24 
10 64.83 85.79 
20 78.36 84.29 
30 93.91 82.73 
40 1 1 1.70 81 . 10  
50 131.80 79.39 
60 154.60 77.59 
70 180.10 75.69 
80 208.70 73.65 
90 240.60 71.44 

100 276.00 69.03 
1 10 315.30 66.32 
120 358.70 63.2 
130 406.70 59.42 
140 459.90 54.33 
150 519.40 43.07 

Table F.2.1.1 (b) HFC-125: Vapor Pressure and Liquid Density, 
SI Units 

Temperature 

oc 
-20 
-15 
-10 
-5 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

Vapor Pressure 

bar 

3.38 
4.05 
4.83 
5.71 
6.71 
7.83 
9.09 
10.49 
12.05 
13.78 
15.68 
17.78 
20.08 
22.60 
25.37 
28.39 
31.71 
35.38 

Liquid Density 

1407 
1386 
1365 
1343 
1320 
1296 
1272 
1246 
1219 
1190 
1159 
1126 
1089 
1048 
1001 
945 
870 
730 

F.2.1.2 HFC-125: Henry's Law Constant for Nitrogen Solubil­
ity. Figure F.2 . 1 .2(a) and Figure F.2.1.2(b) can be used to 
determine the Henry's law constant for niu·ogen solubility in 
HFC-125 at various temperan1res. Equations F.2.1.2a and 
F.2.1.2b can be used to approximate values at other tempera­
tures. 

Hx = ( -7. 138 x 10-2 V + (-1 . 170)t + 4384 

where: 
Hx = Henry's law constant [psi/mole fraction l 

t = Temperature [°F] 
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[F.2.1.2a] 

[F.2.1.2b] 

Hx = (-1.595 x 1 0-2 )t2 + (-7. 124x10-2 )t + 294.7 

where: 
Hx = Henry's law constant [bar/mole fraction] 

t = Tempet·ature [0C] 

F.2.1.3 HFC-125: Nitrogen Required for Cylinder Pressuriza­
tion at Temperature and Fill Density. Table F.2 . 1 .3(a) and 
Table F.2 . 1 .3(b) give the nitrogen-to-agent t·atio that results in 
the specified cylinder pressure at the given temperature and 
HFC-125 fill density. Equations F.2.1.3a through F.2.1.3d can be 
used to approximate values at other fill densities. 

[F.2.1.3a] 

n{HFC-125;360 P'i;70"F} = (7.320x w-6 )P ftU 2 + ( -1.130 x1o-3) Ppli + 0.0552 

where: 
�HFc-,,25,360 psi;7ooFI = Nitrogen-to-agent mass fi·action for HFC-

125 pressurized to 360 psi at 700F [lb/lb l 
pfi11 = Cylinder agent fill densiLy [lb/ft3] 

[F.2.1.3b] 

n{IIFC-l25;600 P';;;o•fj = ( 1 .750X 10-5 ) p fu/ + ( -2.660X 10-3 ) p ful + 0.127 

where: 
�HFc-,125;600 ""''o .. Ft = Nitrogen-to-agent mass fraction for HFC-

125 pressurized to 600 psi at 70°F [lb/lb l 
pfi11 = Cylinder agent fill density [lb/fi:3] 

[F.2.1.3c] 

n{HFC-125;2f•tm•;2JOC} = ( 2.642 x1Q-S )pfiil
2 + ( -6.864 X10-5)p ftU + 0.05521 

where: 
ntHFCI25;'1L5ha.-;2I'CI = Nitrogen-to-agent mass fraction for HFC-

125 pressurized to 25 bar at 21 oc [kg/kg l 
Pfin = Cylinder agent ftll density [kg/m3] 

[F.2.1.3d] 

n{HFC- 125;41 .5 ba•·;21·CJ = ( 6.357x w-B ) P;;/ + ( -1.606x 10-4 ) p JUt +  0. 1258 

whet·e: 
�HFC I25;<IL5 ba.-;2I•ct = Niu·ogen-to-agent mass fraction for HFC-

125 pressurized to 41.5 psi at 21 oc [lb/lb l 
Pfin = Cylinder agent fill density (kg/m3] 
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FIGURE F.2.1.2(a) HFC-125: Henry's Law Constant, HX> for Nitrogen Solubility, U.S. Units. 

F.2.2 HFC227ea Properties. 

F.2.2.1 HFC227ea: Vapor Pressure and Liquid Density. Table 
F.2.2.1 (a) and Table F.2.2.1 (b) give the vapor pressure and 
liquid density of HFC-227ea at various temperatures. Equations 
F.2.2.1a through F.2.2 .1d can be used to approximate values at 
othet· temperatUt·es. 

[F.2.2.Ia] 

�, = ( 2.394 x l 0-5 )t3 + (1 .727 x 1 0-3 )t2 + ( 4.161 x 10-1 )t + 12.72 

where: 
Pv = Vapor pressure [psi] 

t = Temperature f•F] 

[F.2.2.lb] 

�. = ( 8.161 x l 0-6 )t3 + (1.020 x 1 0-3 )t2 + (7.282x 1 0-2 )t + 1 .958 

where: 
Pv = Vapor pressure [barl 

t = Temperature f•C] 

[F.2.2.lc] 

P�. = ( -3.786x 1 0-6 )t3 + ( 6.235 x10�1 )t2 + ( -1.656x10-1 )t + 97.40 

where: 
P1. = Liquid density flb/ft3] 

t = Tempet·ature [°F] 
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FIGURE F.2.1.2(b) HFC-125: Henry's Law Constant, HX> for 
Nitrogen Solubility, SI Units. 

[F.2.2.ld] 

p1 = ( -1.281 X 10�1 )t3 + ( -5.744 x l 0-3 )t2 + ( -3.684)1 + 1486 

where: 
p, = Liquid density [kg/m3] 

t = Temperature [•C] 
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Table F.2.1.3(a) HFC-125: Nitrogen Required, US Units 

Nitrogen Required Nitrogen Required 
Cylinder Fill to Pressurize to to Pressurize to 

Density 360 psi at 70oF 600 psi at 70oF 

lb nitrogen I lb lb nitrogen I lb 
lblf� agent agent 

40 0.0216 0.0486 
45 0.0189 0.0425 
50 0.0168 0.0376 
55 O.ol5 0.0337 
60 0.0136 0.0303 
65 0.0123 0.0276 
70 0.0119 0.0265 
75 O.Ql 13 

Table F.2.1.3(b) HFC-125: Nitrogen Required, SI Units 

Nitrogen Required Nitrogen Required 
to Pressurize to 25 to Pressurize to 

Cylinder Fill Density bar at 21oC 41.5 bar at 21 oc 

kg nitrogen I kg kg nitrogen I kg 
kglm3 agent agent 

600 0.0237 0.0526 
700 0.0199 0.0442 
800 0.0171 0.0379 
900 0.0149 0.0330 
1000 0.0132 0.0291 
1 100 0.0117 0.0259 
1 150 0.01 1 1  

Table F.2.2.l(a) HFC-227ea: Vapor Pressure and Liquid 
Density, US Units 

Temperature Vapor Pressure Liquid Density 

OF Psi lblft3 

10 17.50 95.51 
20 21.93 94.28 
30 27.18 93.02 
40 33.35 91.73 
50 40.55 90.41 
60 48.88 89.05 
70 58.45 87.64 
80 69.38 86.19 
90 81.79 84.64 
100 95.80 83. 1 1  
1 10 1 1 1.54 81.46 
120 129.15 79.73 
130 148.77 77.90 
140 170.55 75.94 
150 194.65 73.84 
160 221.26 71.54 
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Table F.2.2.1(b) HFC-227ea: Vapor Pressure and Liquid 
Density, SI Units 

Temperature Vapor Pressure Liquid Density 

oc bar kglm3 

-15 1 .073 1540 
-10 1 .322 1522 
-5 1.614 1504 
0 1 .954 1486 
5 2.346 1467 
10 2.796 1448 
15 3.309 1429 
20 3.891 1408 
25 4.547 1388 
30 5.284 1366 
35 6.108 1344 
40 7.025 1321 
45 8.041 1297 
50 9.164 1271 
55 10.401 1245 
60 1 1 .759 1217 
65 13.247 1 186 

F.2.2.2 HFC-227ea: Henry's Law Constant for Nitrogen Solu­
bility. Figure F.2.2.2(a) and Figure F.2.2.2(b) can be used to 
determine the Henry's law constant for nio·ogen solubility in 
HFC-227ea at various temperatures. Equations F.2.2.2a and 
F.2.2.2b can be used to approximate values at other temperac 
tures. 

Hx = ( -4.912 x10-2 )t2 + (2.386)t + 4234 

where: 
Hx = Henry's law constant r psi/mole fraction l 
t = Temperamre [°F] 

[F.2.2.2a] 

[F.2.2.2b] 

Hx = ( -1.098x 10-2 )t2 + ( -9.940 x10-2 )t + 293.8 

where: 
Hx = Henry's law constant rbarlmole fraction] 
t = Temperantre [°C] 
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FIGURE F.2.2.2(a) HFC-227ea: Henry's Law Constant, H){) for Nitrogen Solubility, US Units. 

30,000 

29,000 

28,000 

'i: 27,000 0 
n 26,000 f! -
.S! 25,000 0 
E IV D. � 

24,000 

:t:." 23,000 

22,000 

21 ,000 

20,00�
0 

r--
/ v 

-30 -20 -10 0 

-- .............. "' [� � "" 1\. 
'\ 

'\ \ 

1 0  20 30 40 50 60 70 80 

Temperature, •c 

FIGURE F.2.2.2(b) HFC-227ea: Henry's Law Constant, H){) for Nitrogen Solubility, SI Units. 
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F.2.2.3 HFC227ea: Nitrogen Required for Cylinder Pressuriza­
tion at Temperature and Fill Density. Table F.2.2.3(a) and 
Table F.2.2.3(b) give the nitrogen-to-agent ratio that results in 
the specified cylinder pressure at the given temperature and 
HFC227ea fill density. Equations F.2.2.3a tlu·ough F.2.2.3d can 
be used to approximate values at other fill densities. 

[F.2.2.3a] 

n{I IFC-2')?,,.;36<) P'i;;O"F} = ( 9.270X] 0-l) ) p ft/ + ( -l.580X10-3 )pftll + 0.08]5 
where: 
n1HFc;.125,360psi;?O,FI = Nitrogen-to-agent ma�s fraction for HFC-

227ea pressurized to 360 psi at 70°F [lbllb] 
P;;a = Cylinder agent fill density rlblft3] 

[F.2.2.3b] 

n{Hrc-221.,.,000 �"''70"1•1 = (1.650 x10-;) p ft/ + ( -2.810 x10-3) Ppu + 0.145 

where: 
niHFc-227 •• ,600 psi;?O,FI = Nitrogen-to-agent mass fraction for HFC--

227ea pressurized to 600 psi at 70°F [lbllbl 
P;;u = Cylinder agent fill density [lblft3] 

[F.2.2.3c] 

n{HrC-2'l7ca;2.5tm;21.q = ( 3.330x lO-s )pft11 
2 + ( -9.530x 10-5 )p Jill + 0.0812 

where: 
niHFc;.227 •• ,25 1,.,,2 1·c1 = Nitrogen-to-agent ma�s fraction for HFC-

227ea pressurized to 25 bar at 21 oc rkglkg] 
P;;a = Cylinder agent fill density rkglm3l 

[F.2.2.3d] 

n{Hrc-2'nca;<Lr.b"'21.q = ( 5.730x10-8 )pfi'/ + ( -l.730x1o-• )p Jill + 0.147 

where: 
niHFc;.n7ea;•llo b,.,21·c1 = Nitrogen-to-agent mass fraction for HFC--

227ea pressurized to 41.5 psi at 21 oc 
[lbllb] 

Pfiu = Cylinder agent fill density rkglm3l 

Table F.2.2.3(a) HFC-227ea: Nitrogen Required, US Units 

Nitrogen Required Nitrogen Required 
Cylinder Fill to Pressurize to to Pressurize to 

Density 360 psi at 70°F 600 psi at 70°F 

lb nitrogen I lb lb nitrogen I lb 
lblft3 agent agent 

40 0.0334 0.0590 
45 0.0289 0.0512 
50 0.0254 0.0449 
55 0.0226 0.0398 
60 0.0202 0.0355 
65 0.0182 0.0319 
70 0.0164 0.0288 
75 0.0149 0.0261 
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Table F.2.2.3(b) HFC-227ea: Nitrogen Required, Sl Units 

Cylinder Fill 
Density 

600 
700 
800 
900 
1000 
1100 
1150 

F.3 References. 

Nitrogen Required Nitrogen Required 
to Pressurize to 25 to Pressurize to 41.5 

bar at 21 oc bar at 21 oc 
kg nitrogen I kg 

agent 

0.0364 
0.0303 
0.0257 
0.0229 
0.0193 
0.0170 
0.0151 

kg nitrogen I kg 
agent 

0.0638 
0.0531 
0.0451 
0.0388 
0.0297 
0.0263 

FE-25™, Fin: .f>.xtinguishing Agent - Properties, U�es, Stomge, 
and Handling, The Chemours Company, Wilmington, DE,June 
2017. 

FM-200™, FinJ Extinguishing Agent - Properties, Uses, Stomge, 
and Handling, The Chemours Company, Wilmington, DE, june 
2017. 
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Abort Switch 

Definition, 3.3.1, A.3.3. l 

Adjusted Minimum Design Quantity (AMDQ) 

Definition, 3.3.2 

Administration, Chap. I 

Equivalency, 1.4 

Purpose, 1.2, A.l.2 

Retroactivity, 1.3 

Scope, l . l ,  A.l.l  

Units, 1 .5 

Measurements of Pressure, 1.5.3 

Primary Units, 1.5.1 

Secondary Units and Conversions, 1.5.2 

Unit Application and Enforcement, 1.5.4 

Agent Concentration 

Definition, 3.3.3 

Approval of Installations, Chap. I 0 

Acceptance Test Report, 10.3 

Functional Testing, 10.7 

Conu·ol Panel Primary Power Source, 10.7.4 

Preliminary Functional Tests, 10.7.1 

Remote Monitoring Operations, 10.7.3 

Return of System to Operational Condition, 10.7.5 

System Functional Operational Test, 10.7.2 

General, 1 0.2, A.l0.2 

System Acceptance Testing, 10.2.3 

Owner's Documentation, 10.8 

Review of Electrical Components, 10.6 

Manual Pull Stations, 10.6.12 

Systems Using Abort Switches, 10.6.14 

Systems with Main/Reserve Capability, 10.6.13 

Review of Enclosure Integrity, 10.5 

Review of Mechanical Components, I 0.4 

Safety, 10.1, A.10.I 

Tr-aining, 10.9 

Approved 

Definition, 3.2.1, A.3.2.1 

Authority Having Jurisdiction (AHJ) 

Definition, 3.2.2, A.3.2.2 

Class A Fire 

Definition, 3.3.4 

Class B Fire 

Definition, 3.3.5 

Class C Fire 

Definition, 3.3.6 

Clean Agent 

Definition, 3.3.7, A.3.3.7 
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Clearance 

Definition, 3.3.8 

Components, Chap. 5 

Agent Supply, 5.1 

Agent Storage Containers, 5.1.4 

Quality, 5.1.2, A..5. l.2 

Quantity, 5.1.1 

Primary Agent Supply, 5.1 .1 .1  

Reserve Agent Supply, 5.1.1.2, A.5.1.1.2 

Uninterrupted Protection, 5.1.1.3 

Storage Container Arrangement, 5.1.3 

Distribution, 5.2 

Discharge Nozzles, 5.2.5 

Pipe, 5.2.1, A.5.2.1 

Pipe Connections, 5.2.2 

Pipe Hangers and Supports, 5.2.3, A.5.2.3 

Valves, 5.2.4 

Control Room and Electronic Equipment Space 

Definition, 3.3.9 

Cup Burner Method for Determining the Minimum Concentration 
of Gaseous Agent for Flame Extinguishment, Annex C 

Agent Concentration, C.l4 

Direct Gas Analysis Method, C.I4.3 

Continuous Sampling Analyzer, C.l4.3.1 

Discrete Sample Analyzer, C.l4.3.2 

Flow Rate Methods, C.l4.2 

Mass Flow Rate, C.l4.2.2 

Volumetric Flow Rate, C.l4.2.1 

General, C.l4.l 

Oxygen Analyzer Measurement Method, C.l4.4 

Statistics, C.l4.5 

Apparatus, C.9 

Cup Burner Apparatus, C.9.1 

Base Assembly, C.9. l . l  

Chimney, C.9.1.2 

Cup, C.9.1.4 

Body, C.9.1.4.1 

Cup Preparation for Gaseous Fuels, C.9.1.5 

Heating Element, C.9.1.5. I 

Temperature Measurement, C.9.1.5.2 

Flow Straightener, C.9.l.6 

Fuel Supply, C.9.1.3 

Gaseous Fuel Supply, C.9.I.3.2 

Liquid Fuel Reservoir, C.9.1.3.1 

Gas Flow Rates and Agent Concentration 
Measurement, C.9.2 

Agent, C.9.2.2 

Agent Concentration, C.9.2.2.3 

Agent Flow Rate, C.9.2.2.1 

Agent Concentration Measurement, C.9.2.2.1.3 
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Agent Flow Rate Measurement, C.9.2.2.1.2 

Agenr Flow Regulation, C.9.2.2.1.1 

Liquid Agent, C.9.2.2.2 

Oxygen Concentration, C.9.2.2.4 

Air Supply, C.9.2.l 

Air Flow Rate, C.9.2.1.1 

Air Flow Rate Measurement, C.9.2.l.l .2 

Air Flow Regulation, C.9.2. l . l . 1  

Humidity, C.9.2. l.2 

Gaseous Fuel, C.9.3 

Calibration and Standardization, C.IO 

Standardization, C.l 0.7 

System Calibration, C.l0.6 

Calibration Interval, C.l0.6.3 

Primary Reference Agem, C.10.6.1 

Second Reference Agent, C.10.6.2 

Conditioning, C.I2 

Barometric Pressure, C.12.3 

Fuel Temperature, C.12.2 

Laboratory Temperature, C.l2.1 

Figures, C.l7 

Interferences, C.7 

Air; C.7.2 

Barometric Pressure.9, C.7.3 

Deposits on Cup Rim, C.7.4 

Fuel Character; C. 7.1 

Fuel Overflow, C.7.6 

Humidity, C.7.5 

Introduction, C. I 

Notes, C.16 

Additional Notes, C.16.2 

Endnotes, C.l6.1 

Procedure, C.13 

Gaseous Fuels, C.13.2 

Agem Addition, C.13.2.7 

Fuel Flow Rate and Flame Size, C.l3.2.4 

Number of Test Trials, C.l3.2.9 

Liquid Fuels, C.l3.1 

Agent Addition, C.l3.1.8 

Number of Test Trials, C.l3. l . l l 

Referenced Documents, C.3 

Safety Precautions, C.8 

Combustion Product Ventilation, C.8.2 

General Fire Hazard, C.8.3 

Pressurized Equipment, C.8.1 

Scope, C.2 

Significance and Use, C.6 

Summary of Test Method, C.5 

Terminology, C.4 

Definitions, C.4.1 

Definitions of Terms Specific to the Cup Burner 
Method, C.4.2 
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Agent, C.4.2.1 

Primary Reference Agent, C.4.2.l . l  

Secondary Reference Agent, C.4.2.1.2 

Study Agent, C.4.2 .1.3 

Chimney, C.4.2.2 

Cup, C.4.2.3 

Extinguishing Concentration, C.4.2.4 

Extinguishment, C.4.2 .5 

Flow Straightener, C.4.2.6 

Fuel, C.4.2.7 

Reference Fuel, C.4.2.7.l 

Gaseous Reference Fuel, C.4.2.7.1.1 

Liquid Reference Fuel, C.4.2.7.1.2 

Study Fuel, C.4.2.7.2 

Lifted Flame, C.4.2.8 

Minimum Extinguishing Concentration (MEC), C.4.2.9 

Observation Period, C.4.2.10 

Pre-Burn Time, C.4.2 . l l  

Test Report, C.l5 

Test Specimens, C.11 

Agent, C.ll .3 

Air, C.1l . l  

Fuel, C. l l .2 

Deep-SeatedFire 

Definition, 3.3.10, A.3.3.1 0  

Definitions, Chap. 3 

Design Concentration 
Definition, 3.3.1 1  
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Final Design Concentration (FDC) 
Definition, 3.3.11 .1 ,  A.3.3. l l . l  

lnerring Concentration 

Definition, 3.3.11 .2  

Minimum Design Concentration (MDC) 

Definition, 3.3.11.3, A.3.3.11.3 

l\llinimum Extinguishing Concentration (MEC) 

Definition, 3.3.11.4, A.3.3.11.4 

Design Factor (DF) 
Definition, 3.3.12 

Detection, Actuation, Alarm, and Control Systems for Clean Agent 
Releasing Applications, Chap. 9 

Abort Switches, 9.6 

Automatic Detection, 9.2 

Disconnect Switch, 9.8, A.9.8 

General, 9.1, A9.1 

Control Panel for Releasing Service, 9.1.1 

Initiation and Actuation, 9.1.2 

Wiring Methods, 9.1.3, A.9.1.3 

Lockout Valves, 9.9 

Manual Release, 9.3 

Operating Alarms, Notification Appliances, and Indicators, 9.5 

Operating Devices and Control Equipment for Agent Release, 
Discharge Control, and Equipment Shutdown, 9.4 

Supervision of Electric Actuator Removal, 9.4.10 

Time Delays, 9.7 

Discharge Time 
Definition, 3.3.13 
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Enclosure Evaluation, Annex E 

Enclosure Integrity Procedure, Annex D 
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Definitions, D.l.3 

Area, Effective Floor, D.l.3.1 

Area, Effective Flow, D.l.3.2 

Area, Equivalent Leakage (EqLA), D.J.3.3 

Area, Return Path, D.L3.4 

Attached Volumes, D.l.3.5 

Bias Pressure Difference, D.l.3.6 

Ceiling Slab, D.l .3.7 

Column Pressure, D.1.3.8 

Descending Interface, D.J.3.9 

Door Fan, D.l.3.10 

Enclosure, D.l.3.11 

Enclosure Envelope, D.l.3.12 

Enclosure, Protected (V), D.l.3.13 

Fan, D.L3.14 

Fan Pressurization Apparatus, D.l.3.15 

Flooded Height, Maximum (HO), D.l.3.16 

Floor Slab, D.l.3.17 

Pressure Gauge, Flow, D.l.3.18 

Pressure Gauge, Room, D.L3.19 

Protected Height, l\tlinimum (H), D.l .3.20 

Return Path, D.l.3.21 

Limitations and Assumptions, D.l.2 

Clean Agent System Enclosure, D.l.2.1 

Door Fan Measurements, D.l .2.2 

Retention Calculations, D.l.2.3 

Bias Pressure, D.l .2.3.2 

Clean Agent Delivery, D. l .2.3.8 

Dynamic Discharge Pressures, D.1 .2.3.1 

Floor Area, 0.1.2.3.3 

Leak Discharge, D.L2.3.6 

Leak Flow Characteristics, D.l .2.3.4 

Leak Flow Direction, D.l .2.3.5 

Leak Locations, D.J.2.3.7 

Scope, D.l.J 

Test Procedure, D.2 

Door Fan Enclosure Evaluation, 0.2.6 

Bias Pressure Measurement, D.2.6.2 

Pressure Run-up Inspection, D.2.6.1 

Door Fan Installation, D.2.5 

Door Fan Measurement, D.2. 7 

Leakage Calculation, D.2. 7.3 

Suspended Ceiling Leakage Neuu·alization Method 
(Optional), D.2.7.2 

Total Enclosure Leakage Method, D.2.7.1 

Agent-Air Mixture Density, D.2.7.1.3 

Equipment, D.2.2 

Accessories, D.2.2.2 

Door Fan System, D.2.2.1 

Field Calibration Check, D.2.3 

Initial Enclosure Evaluation, D.2.4 

Inspection, D.2.4.1 

Measurement of Enclosure, D.2.4.2 

Preparation, D.2.4.3 

Leakage Contt·ol, D.2.9 

Leakage Alteration, D.2.9.2 
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Materials, D.2.9.2.2 

Procedure, D.2.9.2.1 

Leakage Identification, D.2.9.1 

Preliminary Preparations, D.2.1 

Retention Calculation, D.2.8 

Acceptance Criteria, D.2.8.3 

Calculation, D.2.8.1 
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Leak Fraction for Lower Leakage Method, D.2.8.1.3 

Leak Fraction for Total Leakage Method, D.2.8.1.2 

l\tlinimum Height, D.2.8.1.4 

Time, D.2.8.1.5 

C'l.lculation for Extinguishants That Are Heavier 
Than Air with a Descending 
Interface, D.2.8.1.5.1 

Calculation for Extingttishants That Are Heavier 
Than Air with Continual Mixing, D. 
2.8.1..5.2 

Calculation for Extingttishants That Are Lighter 
Than Air, D.2.8.l.5.3 

Test Report, D.2.10 

Engineered System 
Definition, 3.3.14 

Explanatory Material, Annex A 

Fill Density 
Definition, 3.3.15 

Final Design Quantity (FDQ) 

Definition, 3.3. 16 
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General Requirements, Chap. 4 

Compatibility with Other Agents, 4.8 

Electrical Clearances, 4.5 

Environmental Factors, 4.6, A.4.6 

Hazards to Personnel, 4.3, A.4.3 

Adjacent Areas, 4.3.6, A.4.3.6 

Clean Agent Evaluation, 4.3.1, A.4.3.1 

Egress Time Study, 4.3.4, A.4.3.4 

Exposure to Halocarbon Agents, 4.3.2, A.4.3.2 

Exposure to Inert Gas Agents, 4.3.3, A.4.3.3 

Occupiable Spaces, 4.3.7, A.4.3. 7 

Safeguards, 4.3.5, A.4.3.5 

Warning Signs, 4.3.8 

Personnel Qualifications and Training, 4.1 

Retrofit, 4. 7 

System Technician Safety, 4.4 

Use and Limitations of Clean Agent Systems, 4.2, A.4.2 

High-Temperature Applications, 4.2.3, A.4.2.3 

Incompatible Hazards, 4.2.2 

Potential Effects of Acoustical Noise, 4.2.4, A.4.2.4 

Pre-Engineered Systems, 4.2.1 
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Halocarbon Agent 

Definition, 3.3.17, A.3.3.1 7  
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Impairment, Chap. 12 

Emergency Impairments, 12.5 

General, 12.1, A.12.1 

Impairment Coordinator, 12.2 

Preplanned Impairment Programs, 12.4 

Restoring Systems to Service, 12.6 

Tag Impairment System, 12.3 

Impairment 
Definition, 3.3.18, A.3.3.18 

Emergency Impairment 

Definition, 3.3.18.1 

Preplanned Impairment 

Definition, 3.3.18.2 

Inert Gas Agent 
Definition, 3.3.19 

Informational References, Annex G 

Inspection 

Definition, 3.3.20 

Inspection, Servicing, Testing, Maintenance, and Training, Chap. 11  

Annual Inspection and Service, 11 .4  

Enclosure Inspection, 1 1.4.5 

System Hoses, 1 1.4.4 

Container Test, 11 .6, A.ll.6 

Gene.-al, 1 l. l  

Fire Protection Service Technician, 1 1.1.2 

Safety, l l. l . l  

Hose Test, 11.7 

Maintenance, 1 1.5, A.11.5 

Enclosure Maintenance, 11 .5.4 

Monthly Inspection, 11.2, A.ll.2 

Semiannual Service and Inspection, 1 1.3, A.ll.3 

Training, 11.8 

Listed 
Definition, 3.2.3, A.3.2.3 

Local Application System 
Definition, 3.3.21 
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Local Application Systems, Chap. 8 

Clean Agent Requirements, 8.3 

Description, 8.1 

General Requirements, 8.1.2 

Safety Requirements, 8.1.3, A.8.1.3 

Uses, 8.1.1 

Hazard Specifications, 8.2 

Extent of Hazard, 8.2.1 

Location of Hazard, 8.2.2 

Location and Number of Nozzles, 8 .. 5 
Nozzles, 8.4 

Discharge Time, 8.4.3 

Nozzle Discharge Rates, 8.4.2 

Nozzle Selection, 8.4.1 

Lockout Valve 
Definition, 3.3.22 

Lowest Observable Adverse Effect Level (LOAEL) 
Definition, 3.3.23 
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Machinery Space 

Definition, 3.3.24 

Maintenance 

Definition, 3.3.25 

Manual Release 

Definition, 3.3.26 

Electrical Manual Release 

Definition, 3.3.26.1 

Mechanical Manual Release 

Definition, 3.3.26.2 

Marine Systems 

Definition, 3.3.27 

Marine Systems, Chap. 13 
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Additional Requirements for Systems Protecting Class B Hazards 
Greater Than 6000 ft3 ( 170 m3) with Stored 
Cylinders Within the Protected Space, 13.6 

Agent Supply, 13.4 

Approval of Installations, 13.12 

Compliance, 13.14 

Design Concentration Requirements, 13.8 

Combinations of Fuels, 13.8.1 

Design Concentration, 13.8.2 

Duration of Protection, 13.8.5, A.l3.8.5 

Flame Extinguishment, 13.8.3 

Total Flooding Quantity, 13.8.4, A.13.8.4 

Detection, Actuation, and Control Systems, 13.5 

Automatic Detection, 13.5.2 

General, 13.5.1 

Distribution System, 13.9 

Discharge Time, 13.9.2 

Rate of Application, 13.9.1 

Enclosure, 13.7 

General, 13.1 

Scope, 1 3. l . l  

Hazards to Personnel, 13.3 

Inspection and Tests, 13.11 

Nozzle Choice and Location, 13.10 

Periodic Puff Testing, 13.13 

Use and Limitations, 13.2 

Minimum Design Quantity (MDQ) 
Definition, 3.3.28 

Minimum Design Temperature 
Definition, 3.3.29 
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No Observed Adverse Effect Level (NOAEL) 

Definition, 3.3.30 

Normally Occupied Enclosure or Space 

Definition, 3.3.31, A.3.3.31 

Normally Unoccupied Enclosure or Space 

Definition, 3.3.32 

Occupiable Enclosure or Space 
Definition, 3.3.33 
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Definition, 3.3.34 

Pump Room 

Definition, 3.3.35 

Recovered Agent 
Definition, 3.3.36 

Recycled Agent 
Definition, 3.3.37 
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Referenced Publications, Chap. 2 

Safety Factor (SF) 
Definition, 3.3.38 

Sea Level Equivalent of Agent 
Definition, 3.3.39 

Sea Level Equivalent of Oxygen 
Definition, 3.3.40 

Service 
Definition, 3.3.41 

Shall 
Definition, 3.2.4 

Should 
Definition, 3.2.5 

Standard 
Definition, 3.2.6 
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Storage Con tamers for Vaporizing-liquid Agents, Annex F 

Agent Properties, F.2 

HFC-125 Properties, F.2.1 

HFC-125: Henry's Law Consram for Nitrogen 
Solubility, F.2.l.2 
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HFC-125: Nitrogen Required for Cylinder Pressurization 
at Temperature and Fill Density, F.2.1.3 

HFC-125: Vapor Pressure and Liquid Density, F.2.L l 

HFC-227ea Properties, F.2.2 

HFC-227ea: Henry's L'lw Constant for Nitrogen 
Solubility, F.2.2.2 

HFC-227ea: Nitrogen Required for Cylinder 
Pressurization at Temperature and Fill 
Density, F.2.2.3 

HFC-227ea: Vapor Pressure and Liquid Density, F.2.2.l 

Introduction, F.1 

References, F.3 

Superpressurization 

Definition, 3.3.42 

System Design, Chap. 6 

Specifications, Plans, and Approvals, 6.1 

Approval of Plans, 6. 1.3 

Specifications, 6.1.1 

Working Plans, 6.1.2 

Flow Calculations, 6.1.2.8 

System Flow Calculations, 6.2, A.6.2 

Total Flooding 
Definition, 3.3.43 

Total Flooding System 
Definition, 3.3.44 

Total Flooding Systems, Chap. 7 
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Design Concenu·ation Requirements, 7.2 

Flame E.xtinguishment, 7.2.2 

Class A Hazards, 7.2.2.1 

Class B Hazards, 7.2.2.2 

Cla�s C Hazards, 7.2.2.4 

Listing Program, 7.2.2.3, A. 7.2.2.3 

General, 7.2.1 

lnerting, 7.2.3 

Disu·ibution System, 7.5 

Extended Discharge, 7 .5.2, A. 7.5.2 

Initial Discharge Time, 7.5.1, A.7.5.1 

Duration of Protection, 7.4, A.7.4 

Enclosure, 7.1, A.7.1 

Nozzle Choice and Location, 7.6 

Total Flooding Quantity, 7.3 

Design Factors, 7.3.3, A.7.3.3 

Additional Design Factors, 7.3.3.2, A. 7.3.3.2 
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Design Factor for Enclosure Pressure, 7.3.3.3, A.7.3.3.3 

Tee Design Factor, 7.3.3.1, A.7.3.3.1 

Toxicological and Physiological Effects of Clean Agents and Their 
Decomposition Products, Annex B 

Halocarbon Agents, B.1 

Toxicological Effects of Halocarbon Agents, B. L l  

Toxicological Effects of Hydrogen Fluoride, B.l.2 

Physiological Effects of Inert Gas Agents, B.2 
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Unoccupiable Enclosure or Space 

Definition, 3.3.45 
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