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This 1980 edition of NFPA 12, Standard on Carbon Dioxide Ex- 
tinguishing Systems, was prepared by the Committee on Carbon 
Dioxide and was adopted by the National Fire Protection Associa- 
tion, Inc. on November 20, 1980, at its Fall Meeting in San Diego, 
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Origin and Development of NFPA 12 

Work on this standard was initiated in 1928 by the then Commit- 
tee on Manufacturing Risks and Special Hazards. The standard was 
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S~andard  on 

C~rbon Dioxide E×tBnguishing Systems 

f~FPA 12-1980 

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

Information on referenced publications can be found in Appendix C. 

Chapter 1 General Information and Requirements 

1-1 Scope. This standard contains minimum requirements for car- 
bon dioxide fire extinguishing systems. It includes only the necessary 
essentials to make the standard workable in the hands of those skilled 
in this field. 

NOTE: Portable carbon dioxide equipment is covered in NFPA 10, Standard 
for Portable Fz~e Extinguishers. The use of carbon dioxide for inerting is 
covered in NFPA 69, Standard on Explosion Prevention Systems. 

1-2 Purpose.  This standard is prepared for the use and guidance 
of those charged with the purchasing, designing, installing, testing, 
inspecting, approving, listing, operating or maintaining of carbon 
dioxide fire extinguishing systems, in order that such equipment will 
function as intended throughout its life, Nothing in this standard is[ 
intended to restrict new technologies or alternate arrangements pro- ] 
riding the level of safety prescribed by the standard is not lowered. ] 

1-2.1 Only those skilled in the field are competent to design and in- 
stall this equipment. It may be necessary for many of those charged 
with the purchasing, inspecting, testing, approving, operating and 
maintaining of this equipment to consult with an experienced and 
competent fire protection engineer in order to effectively discharge 
their respective duties. 

1-3 Arrangement .  This standard is arranged as follows: 

Introduction. 

Chapter 1 -- General Information and Requirements. 
Chapter 2 -- Total Flooding Systems. 
Chapter 3 -- Local Application Systems. 
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C h a p t e r  4 - -  H a n d  Hose  L ine  Systems.  

C h a p t e r  5 - -  S t a n d p i p e  Systems a n d  Mobi le  Supply .  

A p p e n d i x  A --  E x p l a n a t o r y .  

A p p e n d i x  B - -  E x a m p l e s  of  H a z a r d  P ro t ec t i on .  

A p p e n d i x  C --  R e f e r e n c e d  Pub l i ca t ions .  

C h a p t e r s  1 t h r o u g h  5 cons t i t u t e  the  body  of  the  s t a n d a r d  a n d  con- 
ta in  the  rules  a n d  r egu la t ions  necessary  for  p r o p e r l y  des ign ing ,  in- 
s ta l l ing,  i n spec t ing ,  test ing,  a p p r o v i n g ,  o p e r a t i n g  a n d  m a i n t a i n i n g  
c a r b o n  d iox ide  fire e x t i n g u i s h i n g  systems.  

T h e  A p p e n d i x e s  con t a in  e d u c a t i o n a l  a n d  i n f o r m a t i v e  m a t e r i a l  
t h a t  will a id  in u n d e r s t a n d i n g  a n d  a p p l y i n g  this s t a n d a r d .  

14 Definitions and Units. 
1-4.1 D e f i n i t i o n s .  For  p u r p o s e  of c la r i f ica t ion ,  the fo l lowing 
gene ra l  t e r m s  used  wi th  specia l  t e chn i ca l  m e a n i n g s  in this  s t a n d a r d  
are  de f ined :  

Approved. M e a n s  " a c c e p t a b l e  to the  au tho r i t y  h a v i n g  jur isdic-  
t ion ."  

NOTE: The National Fire Protection Association does not approve, inspect 
or certify any installations, procedures, equipment or materials; nor does it ap- 
prove or evaluate testing laboratories. In determining the acceptability of in- 
stallations or procedures, equipment or materials, the authority having 
jurisdiction may base acceptance on compliance with NFPA or other ap- 
propriate standards. In the absence of such standards, said authority may re- 
quire evidence of proper installation, procedure or use. The authority having 
jurisdiction may also refer to the listings or labeling practices of an organiza- 
tion concerned with product evaluations which is in a position to determine 
compliance with appropriate standards for the current production of listed 
items. 

Authority Having Jurisdiction. T h e  " a u t h o r i t y  h a v i n g  
ju r i sd ic t ion"  is the  o rgan i za t i on ,  office,  or  ind iv idua l  r e spons ib l e  for 
" a p p r o v i n g "  e q u i p m e n t ,  an  ins ta l l a t ion ,  or a p r o c e d u r e .  

NOTE: The phrase "authority having jurisdiction" is used in NFPA stan- 
dards in a broad manner since jurisdictions and "approval" agencies vary as do 
their responsibilities. Where public safety is primary, the "authority having 
jurisdiction" may be a federal, state, local, or other regional department or in- 
dividual such as a fire chief, fire marshal, chief of a fire prevention bureau, 
labor department, health department, building official, electrical inspector, or 
others having statutory authority. For insurance purposes, an insurance inspec- 
tion department, rating bureau, or other insurance company representative 
may be the "authority having jurisdiction." In many circumstances the prop- 
erty owner or his delegated agent assumes the role of the "authority having 
jurisdiction"; at government installations, the commanding officer or a depart- 
mental official may be the "authority having jurisdiction." 
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H i g h  Pressure. Indicates that the carbon dioxide is stored in 
pressure containers at atmospheric temperatures.  At 70°F (21°C), 
the pressure in this type of storage is 850 psi (58.6 bars). 

Labeled.  Equipment  or materials to which has been at tached a 
label, symbol, or other identifying mark of an organization accep- 
table to the authority having jurisdiction and concerned with pro- 
duct evaluation, that  maintains periodic inspection of product ion of 
labeled equipment  or materials and by whose labeling the manufac-  
turer indicates compliance with appropriate  standards or perfor- 
mance in a specified manner .  

Listed. Equipment  or materials included in a list published by 
an organization acceptable to the authority having jurisdiction and 
concerned with product  evaluation, that  maintains periodic inspec- 
tion of product ion of listed equipment  or materials and whose listing 
states either that the equipment  or material  meets appropriate  stan- 
dards or has been tested and found suitable for use in a specified 
manner .  

NOTE: The means for identifying listed equipment may vary for each 
organization concerned with product evaluation, some of which do not 
recognize equipment as listed unless it is also labeled. The authority having 
jurisdiction should utilize the system employed by the listing organization to 
identify a listed product. 

Inspection. 
(a) A visual observation of all components  to ensure they are in 

position in good condition and connected to the system. 

(b) The system is installed in accordance with the latest installa- 
tion drawings and design specifications. 

(c) The hazard conforms to the dimensional envelope to which the 
system was designed. 

(d) A check for proper designation and instructions. 

Low Pressure. Indicates that the carbon dioxide is stored in 
pressure containers at controlled low temperatures,  at 0°F ( - 18°C). 
At 0°F ( -  18°C), the pressure in this type of storage is 300 psi (20.7 
bars). 

Maintenance. A "thorough check" of the system, intended to give 
max imum assurance that the system will operate effectively and safe- 
ly. It includes a thorough examination and any necessary repair or 
replacement of  components.  

Shall .  Indicates a manda tory  requirement.  

Should .  Indicates a recommendat ion or that which is advised but  
not required. 
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Test.  

(a) Pressure Test. Pressure test using dry air, ni t rogen or CO2, 
the cylinder and the distr ibution piping, piping to pressure switches 
and  trips to ensure mechanical  tightness. 

(b) Funct ional  Test (see 1-7.5).  

(c) Partial  Discharge Test. A partial  discharge of CO2 
through piping system to check for pipe obstruction. Liquid carbon 
dioxide is to be evident at each discharge nozzle and all pressure 
operated devices to funct ion as intended.  

(d) Full Discharge Test. 

1, Local Application.  Full discharge of design quant i ty  car- 
bon dioxide through system piping to ensure carbon dioxide effec- 
tively covers the hazard for the full period of time required by the 
design specifications and all pressure operated device functions as in- 
tended. 

2. Total  Flooding. Full discharge of entire design quant i ty  
of carbon dioxide through system piping to ensure that carbon diox- 
ide is discharged into the hazard, and  that the concentrat ion is 
achieved and  ma in ta ined  in the period of time required by the design 
specifications and  all pressure operated devices funct ion as intended.  

Other terms used with special technical mean ing  are defined or ex- 
plained where they occur in the standard.  

1-4.2 Uni t s .  Metric units of measurement  in this s tandard  are in 
accordance with the modernized metric system known as the Interna- 
tional System of Units (SI). Two units (liter and  bar), outside of but  
recognized by SI, are commonly used in in ternat ional  fire protection. 
These units are listed in Table  1-4.2 with conversion factors. 

T a b l e  1-4.2 

Name of Uni t  Uni t  Symbol Conversion Factor 

liter L 1 gal. = 3.785 L 
liter per minute per (L/min)/m 2 I gpm/ft 2 = 40.746 (L/min)/m 2 

square meter 
cubic decimeter dm 3 1 gal.= 3.785 dm 3 
pascal Pa 1 psi = 6894.757 Pa 
bar bar 1 psi = 0.0689 bar 
bar bar 1 bar = 105 Pa 

For additional conversions and information see ASTM E380, Standard for Metric 
Practice. 



GENERAL I N F O R M A T I O N  AND REI~UIREMENTS 12- 9 

1-4.2.1 If  a value for measurement  as given in this standard is 
followed by an equivalent value in other units, the first stated is to be 
regarded as the requirement.  A given equivalent value may be ap- 
proximate.  

1-4.2.2 The  conversion procedure for the SI units has been to 
multiply the quanti ty by the conversion factor and then round the 
result to the appropriate  number  of significant digits. 

1-5 General Information and Requirements. 

1-5.1 Chapter  1 contains general information and the design and 
installation requirements for all features that are generally common 
to all carbon dioxide systems. 

1-5.2" Carbon  Dioxide.  Carbon dioxide is a colorless, odorless, 
electrically nonconductive inert gas that is a suitable medium for ex- 
tinguishing fires. 

1-5.2.1 Carbon dioxide extinguishes fire by reducing the concen- 
trations of oxygen and /o r  the gaseous phase of the fuel in the air to 
the point where combustion stops. 

1-5.3 Use and Limitations. Carbon dioxide fire extinguishing 
systems are useful within the limits of this standard in extinguishing 
fires in specific hazards or equipment,  and in occupancies where an 
inert electrically nonconductive medium is essential or desirable, 
where cleanup of other media presents a problem, or where they are 
more  economical to install than systems using other media. 

1-5.3.1 All areas or parts of a hazard to which or from which a fire 
may spread shall be simultaneously protected. 

1-5.3.2 Some of the more important  types of hazards and equip- 
ment  that carbon dioxide systems may satisfactorily protect include: 

(a) Gaseous and liquid f lammable materials. 
(b) Electrical hazards, such as transformers, oil switches and cir- 

cuit breakers, and rotating equipment.  
(c) Engines utilizing gasoline and other f lammable fuels. 

(d) Ordinary combustibles such as paper, wood and textiles. 

(e) Hazardous solids. 

1-5.3.3 The discharge of liquid carbon dioxide is known to produce 
electrostatic charges which, under  certain conditions, could create a 
spark. Carbon dioxide fire extinguishing systems protecting areas 
where explosive atmospheres could exist shall utilize metal nozzles 
and shall be properly grounded.  
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1-5.3.4" Carbon dioxide will not extinguish fires where the follow- 
ing materials are actively involved in the combustion process: 

(a) Chemicals containing their own oxgen supply, such as 
cellulose nitrate. 

(b) Reactive metals such as sodium, potassium, magnesium, 
titanium and zirconium. 

(c) Metal hydrides. 

I-5.4 Types of Systems. There are four types of systems recognized 
in this standard: 

Total Flooding Systems. 

Local Applicaton Systems. 

Hand Hose Line Systems. 

Standpipe Systems and Mobile Supply. 

1-5.4.1 A Total  Flooding System consists of a fixed supply of car- 
bon dioxide normally connected to fixed piping with nozzles arrang- 
ed to discharge carbon dioxide into an enclosed space or enclosure 
about the hazard. 

1-5.4.2 A Local Application System consists of a fixed supply of 
carbon dioxide normally connected to fixed piping with nozzles ar- 
ranged to discharge carbon dioxide directly on the burning material. 

1-5.4.3 A Hand  Hose Line System consists of a fixed supply of car- 
bon dioxide supplying hose lines. 

1-5.4.4 A Standpipe System and Mobile Supply consists of a 
mobile supply of carbon dioxide capable of being quickly moved to 
position and connected to a system of fixed piping supplying fixed 
nozzles or hose lines or both that may be used for either total flooding 
or local application. 

1-5.5 Carbon Dioxide System. A carbon dioxide system may be 
used to protect one or more hazards or groups of hazards by means of 
directional valves (with the permission of the authority having 
jurisdiction). Where two or more hazards may be simultaneously in- 
volved in fire by reason of their proximity, each hazard shall be pro- 
tected with an individual system with the combination arranged to 
operate simultaneously or be protected with a single system that shall 
be sized and arranged to discharge on all potentially involved 
hazards simultaneously. 

1-5.6 Package Systems (Kits). Package systems consist of system 
components designed to be installed according to pretested limita- 
tions as approved or listed by a testing laboratory. 
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1-5.6.1 Package systems may incorporate special nozzles, flow 
rates, methods of application, nozzle placement, and quantities of 
carbon dioxide which may differ from those detailed elsewhere in 
this standard since they are designed for very specific hazards. All 
other requirements of the standard apply. 

1-5.6.2 Package systems shall be installed to protect hazards within 
the limitations which have been established by the testing 
laboratories where listed. 

1-6 Personnel Safety. 

1-6.1" Hazards  to ~ersonnel.  The discharge of large amounts of 
carbon dioxide can create hazards to personnel such as oxygen defi- 
ciency and reduced visibility. 

1-6.1.1 The dilution of the oxygen in the air, by the carbon dioxide 
concentrations that will extinguish fire, will create atmospheres that 
will not sustain life. Such atmospheres will be produced in spaces 
protected by total flooding and will be produced by any large volume 
discharges drifting and settling in adjacent low places such as cellars 
and pits. Persons rendered unconscious in these atmospheres can 
usually be revived without any permanent  ill effects when promptly 
removed from such atmospheres. 

1-6.1.2 Large volume discharges of carbon dioxide may seriously 
interfere with visibility during and immediately after the discharge 
period. 

1-6.2" Safety Requirements. In any proposed use of carbon diox- 
ide where there is a possibility that personnel could be trapped in, or 
enter into atmospheres made hazardous by a carbon dioxide 
discharge, suitable safeguards shall be provided to ensure prompt 
evacuation of and to prevent entry into such atmospheres and also to 
provide means for prompt rescue of any trapped personnel. In addi- 
tion to pre-discharge alarms and discharge alarms, suitable 
safeguards may include personnel training, warning signs and 
breathing apparatus. 

1-6.3 Electrical Clearances. All system components shall be so 
located as to maintain minimum clearances from live parts as shown 
in Table 1-6.3. 

As used in this standard, "clearance" is the air distance between 
equipment, including piping and nozzles, and unenclosed or unin- 
sulated live electrical components at other than ground potential. 

The clearances given are for altitudes of 3,300 ft (1007 m) or less. 
At altitudes in excess of 3,300 ft (1007 m), the clearance shall be in- 
creased at the rate of 1 percent for each 330 ft (100.7 m) increase in 
altitude above 3,300 ft (1007 m). 
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The clearances are based upon m i n i m u m  general practices related 
to design Basic Insulat ion Level (BIL) values. To coordinate the re- 
quired clearance with the electrical design, the design BIL of the 
equ ipment  being protected shall be used as a basis, a l though this is 
not material  at nomina l  line voltages of 161 kv or less. 

Up to electrical system voltages of 161 kv the design BIL kv and 
corresponding m i n i m u m  clearances, phase to ground,  have been 
established through long usage. 

At voltages higher than 161 kv, uniformity in the relationship be- 
tween design BIL kv and the various electrical system voltages has 
not been established in practice and is dependent  upon  several 
variables so that the required clearances to ground shall be based 
upon the design BIL used rather than on the nomina l  line or ground 
voltage. 

T a b l e  1-6,3 
C lea rance  from E q u i p m e n t  to 

Live U n i n s u l a t e d  Electr ical  C o m p o n e n t s  

Nominal Nominal Design Minimum 
Line Voltage BIL Clearance* 

Voltage (kv) to Ground (kv) (kv) (inches) mm 

To 15 To 9 
23 13 
34.5 20 
46 27 
69 40 

115 66 
138 80 
161 93 

196-230 114-132 { 

287-380 166-220 { 

500 290 { 

500-700 290-400 { 

110 7 178 
150 10 254 
200 13 330 
250 17 432 
350 25 635 
550 37 940 
650 44 1118 
750 52 1321 
900 63 1600 

1050 76 1930 
1175 87 2210 
1300 98 2489 
1425 109 2769 
1550 120 3048 
1675 131 3327 
1800 142 3607 
1925 153 3886 
2100 168 4267 
2300 184 4674 

*For voltages up to 69 kv the clearances are taken from NFPA 70, National 
Electrical Code®. 
NOTE 1: When the design BIL is not available, and when nominal voltage 
is used for the design criteria, the highest minimum clearance listed for this 
group shall be used. 
NOTE 2: Basic Insulation Level (BIL) values are expressed as kilovolts (kv), 
the number being the crest value of the full wave impulse test that the electrical 
equipment is designed to withstand. 
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Possible design variations in the clearance required at higher 
voltages are evident in the Table, where a range of voltages is in- 
dicated opposite the various BIL test values in the high voltage por- 
tion of the Table. However, the clearance between uninsulated 
energized parts of the electrical system equipment and any portion of 
the carbon dioxide system shall not be less than the minimum 
clearance provided elsewhere for electrical system insulations on any 
individual component. 
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Figure 1-6.3 Clearance from Carbon Dioxide Equipment  to Live 
Uninsulated Electrical Components.  
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1-7 Specifications, Plans and Approvals. 

1-7.1" Purchasing Specifications. Specifications for carbon diox- 
ide fire extinguishing systems shall be drawn up with care and with 
the advice of the authority having jurisdiction. 

1-7.1.1 The specifications shall designate the authority having 
jurisdiction and indicate whether plans are required. 

1-7.1.2 The specifications shall state that the installation shall con- 
form to this standard and meet the approval of the authority having 
jurisdiction. 

1-7.1.3 The specifications shall include the specific tests that may 
be required to meet the approval of the authority having jurisdiction, 
and indicate how cost of testing is to be borne. 

1-7.1.4 The specifications shall require the provision of equipment 
listed for the use intended. 

1-7.2 Plans and Approvals. Plans and calculations shall be sub- 
mitted for approval to the authority having jurisdiction before the 
work starts. Their preparation shall be entrusted to none but fully 
experienced and qualified persons. 

I-7.2.1 These plans shall be drawn to an indicated scale or be 
suitably dimensioned and shall be made so they can be easily 
reproduced. 

1-7.2.2 These plans shall contain sufficient detail to enable the 
authority having jurisdiction to evaluate the hazard or hazards and 
to evaluate the effectiveness of the system. The details shall include 
the materials involved in the protected hazards, location of the 
hazards, the enclosure or limits and isolation of the hazards, and the 
area surrounding which might affect the protected hazards. 

1-7.2.3 The detail on the system shall include information and 
calculations on the amount of CO2; the location and flow rate of 
each nozzle including equivalent orifice area; the location, size and 
equivalent lengths of pipe, fittings and hose; and the location and 
size of the CO2 storage facility. Information shall be submitted per- 
taining to the location and function of the detection devices, 
operating devices, auxiliary equipment, and electrical circuitry, if 
used. Sufficient information shall be indicated to identify properly 
the apparatus and devices used. Any special features shall be ade- 
quately explained. 

1-7.2.4 When field conditions necessitate any material change 
from approved plans, the change shall be submitted to the authority 
having jurisdiction for approval. 
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1-7.2.5 When such material changes from approved plans are 
made, corrected "as installed" plans shall be supplied to the owner 
and the authority having jurisdiction. 

1-7.3 Approval  of Installations.  The completed system shall be 
tested by qualified personnel to meet the approval of the authority 
having jurisdiction. Only listed or approved equipment and devices 
shall be used in the systems. To determine that the system has been 
properly installed and will function as specified, the following tests 
shall be performed: 

(a) A thorough visual inspection of the installed system and 
hazard area. The piping, operational equipment and discharge 
nozzles shall be inspected for proper size and location. The locations 
of alarms and manual  emergency releases shall be confirmed. The 
configuration of the hazard shall be compared to the original hazard 
specification. The hazard shall be inspected closely for unclosable 
openings and sources of agent loss which may have been overlooked 
in the original specification. 

(b) A check of labeling of devices for proper designations and in- 
structions. Nameplate data on the storage containers shall be com- 
pared to specifications. 

(c) A partial discharge test to confirm mechanical tightness of the 
piping and associated equipment. A full discharge test may be per- 
formed in lieu of this required partial discharge test. 

(d) Nondestructive operational tests on all devices necessary for 
proper functioning of the system, including detection and actuation 
devices. 

1-8 Operation and Control of Systems. 

1-8.1 Methods of Actuation.  Systems shall be classified as 
automatic or manual  in accordance with the following methods of 
actuation: 

(a) Automatic Operation. Operation that does not require any 
human action. 

(b) Normal Manual Operation. Operation of the system requiring 
human action where the device used to cause operation is located so 
as to be easily accessible at all times to the hazard. (See 1-8.3.4.) 
Operation of one control shall be all that is required to bring about 
the full operation of the system. 

(c) Emergency Manual Operation. Operation of the system by 
human means where the device used to cause operation is fully 
mechanical in nature and is located at or near the device being con- 
trolled. Fully mechanical may incorporate the use of system pressure 
to complete operation of the device. 
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1-8.2 De tec t ion  of Fires .  Fires or condit ions likely to p roduce  fire 
may  be detected by visual ( human  senses) or by au tomat i c  means.  

1-8.2.1 Reliance on visual detect ion shall be pe rmi t t ed  only with 
permission of the author i ty  having jur isdict ion,  where fires or condi- 
tions likely to produce  fire can be readi ly de tec ted  by such means.  

1-8.2.2" Automat ic  detect ion shall be by any listed or approved  
me thod  or device that  is capable  of de tec t ing  and  ind ica t ing  heat,  
f lame,  smoke, combust ib le  vapors,  or an abnorma l  condi t ion  in the 
hazard  such as process t rouble  that  is likely to produce  fire. 

1-8.2.3 An adequa te  and rel iable  source of energy shall be used in 
detect ion systems. 

1-8.3 O p e r a t i n g  Devices. Ope ra t ing  devices include carbon  diox- 
ide releasing devices or valves, discharge controls,  and  shutdown 
equ ipment ,  all of which are  necessary for successful per formance  of 
the system. 

1-8.3.1 Opera t ion  shall be by listed or approved  mechanica l ,  elec- 
trical, or pneumat i c  means.  An adequa te  and  re l iable  source of 
energy shall be used. 

1-8.3.2 All devices shall be designed for the service they will en- 
counter  and  shall not be readi ly rendered  inoperat ive  or susceptible 
to accidenta l  operat ion.  Devices shall be normal ly  designed to func- 
tion proper ly  from - 20°F to 150°F ( - 29°C to 66°C) or marked  to 
indicate  t empera tu re  l imitat ions.  

1-8.3.3 All devices shall be located,  instal led or sui tably pro tec ted  
so that  they are not subject  to mechanica l ,  chemical ,  or other  
damage  which would render  them inoperat ive.  

1-8.3.4 The  normal  manua l  control  for ac tua t ion  shall be located 
so as to be conveniently and  easily accessible at all t imes inc luding 
the t ime of fire. This control  shall cause the comple te  system to 
opera te  in its normal  fashion. 

1-8.3.5 All valves control l ing the release and dis t r ibut ion  of carbon 
dioxide shall be provided with an emergency m a n u a l  control .  This 
does not  apply  to slave high pressure cylinders.  It is possible for the 
normal  manua l  control  to qualify as the emergency m a n u a l  control  if 
the provisions of 1-8.1 are satisfied. 

The  emergency means,  preferably  mechanica l ,  shall be easily ae- 
cessible and located close to the valves control led.  If  possible, the 
system should be designed so that  emergency ac tua t ion  can be ac- 
complished from one locat ion.  This  does not  apply  to slave high 
pressure cylinders. 
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1-8.3.6 Manual  controls shall not require a pull of more than 40 lb 
(force) (178 N) nor a movement  of more than 14 in. (356 mm) to 
secure operation. 

1-8.3.7 Where  gas pressure from pilot cylinders is used as a means 
for releasing remaining slave cylinders and the supply consists of less 
than three cylinders, one cylinder shall be used for such operation. If  
the supply consists of three cylinders or more, not less than two 
cylinders shall be.used for such operation. 

1-8.3.8 Where  the continuing operat ion of equipment  associated 
with a hazard being protected could contribute to sustaining the fire 
in that hazard, the source of power or fuel shall be automatically 
shut off. All shutdown devices shall be considered integral parts of 
the system and shall function with the system operation. 

For example, in the case of cooking equipment,  the source of I 
power or fuel to all appliances in the hazard area shall be shut off. I 
1-8.3.9 All manual  operating devices shall be identified as to the 
hazard they protect. 

1-8.4 Supervision.  Where supervision of any or all of the following 
- -  automatic  detection system, the electrical actuation circuit, the 
electrical power supply -- is provided, it shall be arranged to give im- 
mediate indication of failure. 

1-8.5 Alarms a n d  I n d i c a t o r s .  Alarms or indicators, or both, are 
used to indicate the operation of  the system, hazard to personnel, or 
failure of any supervised device or equipment.  The  device may be 
audible, visual or olfactory. The  type, number  and location of the 
devices shall be such that their purpose is satisfactorily accomplished. 
The extent and type of alarm or indicator equipment,  or both, shall 
be approved. 

1-8.5.1 An alarm or indicator shall be provided to show that the 
system has operated and needs recharging. 

1-8.5.2" An alarm shall be provided to indicate the operation of 
automatic systems and that immediate personnel response is desired. 

1-8.5.3 Pre-discharge alarms shall be provided to give positive war- 
ning of a discharge where hazard to personnel may exist. Such 
alarms shall function to warn against personnel entry into hazardous 
areas as long as such hazards exist or until such hazards are properly 
recognized. (See Section I-6.) 

1-8.5.4 Alarms indicating failure of supervised devices or equip- 
ment  shall give prompt  and positive indication of any failure and 
shall be distinctive from alarms indicating operation or hazardous 
conditions. 



12-18 C A R B O N  D I O X I D E  E X T I N G U I S H I N G  SYSTEMS 

1-9 Carbon Dioxide Supply. 
1-9.1 Q u a n t i t i e s .  The  amoun t  of carbon  d ioxide  in the system 
shall be at least sufficient for the largest single hazard  pro tec ted  or 
g roup  of hazard  which are to be pro tec ted  s imultaneously.  

1-9.1.1 Where  hand  hose lines may be used on a hazard  protected 
by a fixed system, separa te  supplies shall be provided  unless sufficient 
ca rbon  dioxide  is provided to ensure that  the fixed protec t ion  for the 
largest single hazard  upon  which the hose lines may be used will not 
be jeopard ized .  (See 4-1.1.) 
1-9.1.2 Where  cont inuous protect ion is required,  the reserve quan- 
tity shall be as many  mult iples  of  these m i n i m u m  amounts  as the 
author i ty  having jur isdic t ion considers necessary. (See 1-9.3.) 
1-9.1.3 Both p r imary  and  reserve supplies for f ixed s torage shall be 
pe rmanen t ly  connected  to the p ip ing  and a r ranged  for easy change- 
over, except  where the author i ty  having jur isdic t ion permits  an un- 
connected reserve. 

1-9.2" Q u a l i t y .  Carbon  dioxide  used for init ial  supply and 
replenishment  shall be of good commercia l  grade ,  free of water and 
o ther  contaminants  that  might  cause conta iner  corrosion or interfere 
with free discharge th rough  nozzle orifices. In general ,  carbon diox- 
ide ob ta ined  by convert ing dry ice to l iquid will not be satisfactory 
unless it is proper ly  processed to remove excess water  and  oil. 

1-9.2.1 The  vapor  phase shall be not less than  99.5 percent  carbon 
dioxide with no de tec tab le  off-taste or odor .  

1-9.2.2 The  water  content  of the l iquid phase shall be  not  more 
than 0.01 percen t  by weight (-30°F [-34°C] dew point) .  

1-9.2.3 Oil content  shall be not more  than  10 p p m  by weight. 

1-9.3 R e p l e n i s h m e n t .  The  t ime needed to ob ta in  ca rbon  dioxide 
for rep lenishment  to restore systems to opera t ing  condi t ion  shall be 
considered as a major  factor  in de te rmin ing  the reserve supply need- 
ed. 

1-9.4 Storage Con ta ine r s .  Storage containers  and  accessories shall 
be so located and a r ranged  that  inspection, testing, recharg ing  and 
o ther  main tenance  is faci l i ta ted and  in te r rupt ion  to protect ion is 
held to a m i n i m u m .  

1-9.4.1 Storage containers  shall be located as near  as possible to the 
I hazard  or hazards  they protect ,  bu t  they shall not  be located where 

they will be exposed to a fire or explosion in these hazards.  

1-9.4.2 Storage containers  shall not  be located so as to be subject  to 
severe weather  condit ions or be subject  to mechanica l ,  chemical ,  or 
o ther  damage .  
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1-9.4.3 When excessive climatic or mechanical exposures are ex- 
pected, suitable guards or enclosures shall be provided. 

1-9.5" High Pressure Storage Containers. The carbon dioxide 
supply shall be stored in rechargeable containers designed to hold 
pressurized carbon dioxide in liquid form at atmospheric 
temperatures, corresponding to a nominal pressure of 850 psi (58.6 
bars) at 70°F (21°C). 

1-9.5.1 High pressure containers or cylinders shall be constructed, 
tested and marked in accordance with U.S. Department of 
Transportation specifications ~ (in current effect upon date of 
manufacture and test) for DOT-3A, 3AA-1800, or higher, seamless 
steel cylinders. Charged cylinders shall be tested for tightness before 
shipment in accordance with an approved procedure. 

1-9.5.2 High pressure cylinders used in fire extinguishing systems 
shall not be recharged without hydrostatic test (and remarking) if 
more than five years have elapsed from the date of last test. Cylinders 
continuously in service without discharging may be retained in ser- 
vice for a maximum of twelve years from the date of last hydrostatic 
test. At the end of twelve years, they shall be discharged and retested 
before returning them to service. 

1-9.5.3 Each cylinder shall be provided with a safety device to 
relieve excess pressures, safely in advance of the rated cylinder test 
pressure. I.C.C. approved, frangible safety discs shall be accordingly 
fitted. 

1-9.5.4 When manifolded, cylinders shall be adequately mounted 
and suitably supported in a rack provided for the purpose, including 
facilities for convenient individual servicing or content weighings. 
Automatic means shall be provided to prevent the loss of carbon 
dioxide from the manifold if the system is operated when any 
cylinder is removed for maintenance. 

1-9.5.5 Individual cylinders shall be used having a standard weight 
capacity of 5, 10, 15, 20, 25, 35, 50, 75 or 100 lb (2.3, 4.5, 6.8, 9.1, 
11.4, 15,9, 22.7, 34.1 or 45.4 kg) of carbon dioxide contents except 
for special temperature charges. (See 1-9.5.6.) In a multiple cylinder 
system, all cylinders supplying the same manifold outlet for distribu- 
tion of agent shall be interchangeable and of one select size. 

~Secs. 178.36 and 178.37 of Title 49, Transportation, Code of Federal Regulations. 
Parts 171-190 (DOT). Available from the Superintendent of Documents, U. S. 
Government Printing Office, Washington. DC 20401. 
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1-9.5.6 The general ambient storage temperatures for (a) local ap- 
plication systems shall not exceed 120 °F (49 °C) nor be less than 32 °F 
(0°C) and (b) total flooding systems shall not exceed 130°F (54°C) 
nor be less than 0 °F ( - 18 °C) unless the system is designed for proper 
operation with storage temperatures outside of this range. External 
heating or cooling may be used to keep the temperature within this 
range. When special cylinder charges are used the cylinders shall be 
appropriately marked. 

1-9.6" Low Pressure Storage Containers.  Low pressure storage 
containers shall be designed to maintain the carbon dioxide supply at 
a nominal pressure of 300 psi (20.7 bars) corresponding to a 
temperature of approximately 0 °F ( - 18 °C). 

1-9.6.1 The pressure container shall be made, tested, approved, 
equipped and marked in accordance with the current specifications 
of the American Society of Mechanical Engineers (ASME) Code for 
Unfired Pressure Vessels. ~ The design working pressure shall be at 
least 325 psi (22.4 bars). 

1-9.6.2" In addition to the code requirements, each pressure con- 
tainer shall be equipped with a liquid level gage, a pressure gage, 
and a high-low pressure supervisory alarm set at approximately 315 
and 250 psi (21.7 and 17.2 bars). 

1-9.6.3 The pressure container shall be insulated and equipped 
with refrigeration or heating or both means if necessary. Heating 
need not be provided unless known meteorological data indicates the 
occurrence of ambient temperatures which will cool the contents of 
the tank sufficiently to reduce the pressure below 250 psi (17.2 bars) 
(approximately - 10 °F [ - 23 °C]). 

1-9.6.4 The refrigeration system shall be capable of maintaining 
0°F ( - 1 8 ° C )  in the pressure container under the highest expected 
ambient temperature. Operation shall be automatically controlled 
within practical limits. 

1-9.6.5 The heating system when required shall be capable of 
maintaining 0°F ( -  18°C) in the pressure container under the lowest 
expected ambient temperature. Operation shall be automatically 
controlled within practical limits. 

1-10 Distr ibution Systems. 
1-10.1 Piping. Piping shall be of noncombustible material having 
physical and chemical characteristics such that its deterioration 
under stress can be predicted with reliability. Special corrosion- 
resistant materials or coatings may be required in severely corrosive 

] Code for  Unfired Pressure Vessels for  Petroleum Liquids and Gases (ASME: API- 
ASME). Available from The American Society of Mechanical Engineers, 345 East 
47th St., New York, NY 10017. 
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atmospheres. Examples of materials for piping and the standards 
covering these materials are: 

(a) Ferrous Piping: Black or Galvanized Steel Pipe: ASTM A-53 
or A-106, ANSI B-36.10 

(b) Nonferrous Piping (Drawn, Seamless), Copper: ASTM B-88. 
Flexible Metallic Hose: ANSI B140.1 

The above listed materials do not preclude the use of other 
materials such as stainless steel or other pipe or tubing, which will 
also satisfy the requirements of this section. 

1-10.1.1 Ordinary cast iron pipe and fittings shall not be used. 
Steel pipe conforming to ASTM A-120 shall not be used. 

1-10.1.2" Flexible piping, tubing or hoses (including connections) 
where used shall be of approved materials and pressure ratings. It 
shall be inspected regularly and replaced at certain intervals. 

1-10.1.3 Generally, welded joints, screwed or flanged fittings 
(malleable iron, steel, or ductile iron) are used. Flush bushings shall 
not be used. When hex bushings are used, more than one pipe size 
reduction shall be provided to maintain adequate strength. Suitable 
flared, compression-type, or brazed fittings shall be used with copper 
or brass tubing. Where brazed joints are used, the brazing alloy shall 
have a melting point of 1000°F (538°C) or higher. 

1-10.1.4" In systems using high pressure supply, pipe and fittings 
shall have a minimum bursting pressure of 5000 psi (413.7 bars). 

1-10.1.5" In systems using low pressure supply, pipe and fittings 
shall have a minimum bursting pressure of 1800 psi (124.1 bars). 

1-10.2 Arrangement and Instal lat ion of Piping and 
Fittings. Piping shall be installed in accordance with good com- 
mercial practices. 

1-10.2.1" All piping shall be laid out to reduce friction losses to a 
reasonable minimum and care shall be taken to avoid possible 
restrictions due to foreign matter  or faulty fabrication. 

1-10.2.2 The piping system shall be securely supported with due 
allowance for expansion and contraction and shall not be subject to 
mechanical, chemical, or other damage. Where explosions are poss- 
ble, the piping system shall be hung from supports that are least like- 
ly to be displaced. 

1-10.2.3 Pipe shall be reamed and cleaned before assembly, and 
after assembly the entire piping system shall be blown out before 
nozzles or discharge devices are installed. 
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1-10.2.4 In systems where valve arrangement introduces sections of 
closed piping, such sections shall be equipped with pressure relief 
devices or the valves shall be designed to prevent entrapment of liq- 
uid carbon dioxide. The pressure relief devices shall operate between 
2400 and 3000 psi (165.5 and 206.9 bars) on systems supplied with 
high pressure storage, and at 450 psi (31.0 bars) on systems supplied 
by low pressure storage. Where pressure operated cylinder valves are 
used a means shall be provided to vent any cylinder gas leakage from 
the manifold but which will prevent loss of gas when the system 
operates. 

1-10.2.5 All pressure relief devices shall be of such design and so 
located that the discharge of CO2 therefrom will not injure personnel 
or be otherwise objectionable. 

1-10.3 Valves. All valves shall be suitable for the intended use, 
particularly in regard to flow capacity and operation. They shall be 
used only under temperatures and other conditions for which they 
are listed or approved. 

1-10.3.1 Valves used in systems with high pressure storage and con- 
stantly under pressure shall have a minimum bursting pressure of 
6000 psi (413.7 bars) while those not under constant pressure shall 
have a minimum bursting pressure of at least 5000 psi (344.8 bars). 

1-10.3.2 Valves used in systems using low pressure storage shall 
withstand a hydrostatic test to 1800 psi (124.1 bars) without perma- 
nent distortion. 

1-10.3.3 Valves shall not be subject to mechanical, chemical or 
other damage. 

1-10.3.4 Valves shall be rated for equivalent length in terms of the 
pipe or tubing sizes with which they will be used. The equivalent 
length of cylinder valves shall include siphon, tube, valve, discharge 
head and flexible connector. 

1-10.4 Discharge Nozzles. Discharge nozzles shall be suitable for 
the use intended and shall be listed or approved for discharge 
characteristics. The discharge nozzle consists of the orifice and any 
associated horn, shield, or baffle. 

1-10.4.1 Discharge nozzles shall be of adequate strength for use 
with the expected working pressures, be able to resist normal 
mechanical damage, and constructed to withstand expected 
temperatures without deformation. 

1-10.4.2 Discharge orifices shall be of corrosion-resistant metal. 

1-10.4.3 Discharge nozzles used in local application systems shall 
be so connected and supported that they may not readily be put out 
of adjustment. 
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1-10.4 .4  D i s c h a r g e  nozzles  sha l l  b e  p e r m a n e n t l y  m a r k e d  to i den t i fy  
the  nozzle  a n d  to show the  e q u i v a l e n t  s ingle  or i f ice  d i a m e t e r  
regard less  of  s h a p e  a n d  n u m b e r  of  or i f ices .  T h i s  e q u i v a l e n t  d i a m e t e r  
shal l  r e fe r  to t h e  or i f ice  d i a m e t e r  of  the  " S t a n d a r d "  s ingle  or i f ice  type  
nozzle h a v i n g  t he  s a m e  flow r a t e  as the  nozzle  in  q u e s t i o n .  T h e  m a r k -  
ing  sha l l  b e  r ead i ly  d i s c e r n i b l e  a f t e r  i n s t a l l a t i o n .  T h e  " S t a n d a r d "  
or i f ice  is a n  o r i f i ce  h a v i n g  a r o u n d e d  e n t r y  w i th  a coe f f i c i en t  o f  
d i s c h a r g e  n o t  less t h a n  0 .98  a n d  f low c h a r a c t e r i s t i c s  as g iven  i n  
T a b l e s  1 -10 .4 .4 (b )  a n d  1-10 .4 .4(c) .  

Table 1-10.4.4(a) Equivalent Orifice Sizes. 

Equivalent Equivalent 
Orifice Single Orifice Single Orifice 

Code No. Diameter - -  inches mm Area-sq. in. mm ~ 

.026 0.66 .00053 0.34 
1/16 1.59 .00307 1.98 

- -  .070 1.78 .00385 2.48 
.076 1.93 .00454 2.93 

5/64 1.98 .0048 3.10 
- -  .081 2.06 .00515 3.32 
- -  .086 2.18 .00581 3.75 

3 3/32 2.38 .0069 4.45 

3 +  7/64 2.78 .0094 6.06 
4 ~/~ 3.18 .0123 7.94 
4 +  9/64 3.57 .0155 10.00 
5 5/32 3.97 .0192 12.39 

5 +  11/64 4.37 .0232 14.97 
6 3/16 4.76 .0276 17.81 
6 +  13/64 5.16 .0324 20.90 
7 7/32 5.56 .0376 24.26 

7 +  15/64 5.95 .0431 27.81 
8 1~ 6.35 .0491 31,68 
8 +  17/64 6.75 .0554 35.74 
9 9/32 7.14 .0621 40.06 

9 +  19/64 7.54 .0692 44.65 
10 5/16 7.94 .0767 49.48 
11 11/32 8.73 .0928 59.87 
12 a/6 9.53 fl105 71.29 

13 13/32 10.32 .1296 83.61 
14 7/16 11.11 .1503 96.97 
15 15/32 11.91 .1725 111.29 
16 ~ 12.70 .1964 126.71 

18 9/16 14.29 .2485 160.32 
20 5/~ 15.88 .3068 197.94 
22 11/16 17.46 .3712 239.48 
24 3/~ 19.05 .4418 285.03 

32 1 25.40 .785 506.45 
48 ll/6 38.10 ~ 1,765 1138.71 
64 2 50.80 3.14 2025.80 
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For equivalent  orifice diameters ,  see T a b l e  1-10.4.4(a). The 
orifice code n u m b e r  indicates the equivalent  single orifice diameter 
in ~ - i n .  (0.8 mm)  increments .  A plus sign following this number  in- 
dicates equivalent  d iameters  %4 in. (0.4 ram) grea te r  than  that  in- 
d ica ted  by the number ing  system (e.g. ,  No. 4 indicates  an equivalent 
orifice d iamete r  of Y32 in. [3.2 mm];  a No. 4 + ,  %4 in. [3.6 mm)]. 

Table 1-10.4.4(b) Discharge Rate Per Square Inch of Equivalent Orifice 
Area for Low Pressure Storage (300 psia [20.7 bars]). 

Orifice Pressure Discharge Rate 
psia bars lbs/min/sq in. kg/min/mm 2 

300 20.7 4220 2.970 
290 20.0 2900 2.041 
280 19.3 2375 1.671 
270 18.6 2050 1.443 
260 17.9 1825 1.284 
250 17.2 1655 1.165 
240 16.5 1525 1.073 
230 15.9 1410 0.992 
220 15.2 1305 0.918 
210 14.5 1210 0.851 
200 13.8 1125 0.792 
190 13.1 1048 0.737 
180 12.4 977 0.688 
170 11.7 912 0.642 
160 11.0 852 0.600 
150 10.3 795 0.559 

1-10.4.5 Discharge nozzles shall be provided with f rangib le  discs or 
blow-out  caps where clogging by foreign mater ia l s  is likely. These 
devices shall provide an unobs t ruc ted  opening  upon  system opera- 
tion. 

1-10.5" P ipe  a n d  O r i f i c e  Size D e t e r m i n a t i o n .  Pipe sizes and 
orifice areas shall  be selected on the basis of calculat ions to deliver 
the requi red  rate of flow at each nozzle. 
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Table 1-10.4.4(c) Discharge Rate Per S q u a r e  I n c h  of  E q u i v a l e n t  Orif ice 
Area for High Pressure Storage (750 psia [51.7 bars]). 

Orifice Pressure Discharge  R a t e  
psia bars l b s / m i n / s q  in. k g / m i n / r n m  2 

750 51.7 4630 3.258 
725 50.0 3845 2.706 
700 48.3 3415 2.403 
675 46.5 3090 2.174 

650 44.8 2835 1.995 
625 43.1 2615 1.840 
600 41.4 2425 1.706 
575 39.6 2260 1.590 

550 37.9 2115 1.488 
525 36.2 1985 1.397 
500 34.5 1860 1.309 
475 32.8 1740 1.224 

450 31.0 1620 1.140 
425 29.3 1510 1.063 
400 27.6 1400 0.985 
375 25.9 1290 0.908 

350 24.1 1180 0.830 
325 22.4 1080 0.760 
300 20.7 980 0.690 

1 - 1 0 . 5 . 1  T h e  f o l l o w i n g  e q u a t i o n  o r  c u r v e s  d e v e l o p e d  t h e r e f r o m  
s h a l l  b e  u s e d  to  d e t e r m i n e  t h e  p r e s s u r e  d r o p  i n  t h e  p i p e  l i ne :  

Where Q 

D 

L 

Y & Z  

Q2 ~__. (3647) (DS'a6Y) 
L + 8.08 (DI'*sZ) 

= Flow rate in lbs/ min 

= Inside pipe diameter (actual) in inches 

= Equivalent length of pipeline in feet 

= Factors depending on storage and line pressure 
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Q# = 

W h e r e  

D = 

L = 

Y a n d  Z = 

For SI  U n i t s  

10 -s × 0 .8725  D s2s y 

L + 0 . 04319  D ' 2s Z 

F low r a t e  in k g / m i n  

I n s i d e  p i p e  d i a m e t e r  ( ac tua l )  in m m  

E q u i v a l e n t  l e n g t h  of  p ipe l i ne  in m 

F a c t o r s  d e p e n d i n g  on s t o r a g e  a n d  l ine p r e s s u r e  

N O T E :  F o r  f u r t h e r  e x p l a n a t i o n  see A p p e n d i x  A - l - 1 0 . 5 .  

1-10.5.2 For systems with low pressure storage, flow shall be 
calculated on the basis of an average storage pressure of 300 psia 
(20.7 bars) during discharge. The discharge rate for equivalent 
orifices shall be based on the values given in Table 1-10.4.4(b). 

[Design nozzle pressures shall not be less than 150 psia (10.3 bars). 

1-10.5.3 For systems with high pressure storage, flow shall be 
calculated on the basis of an average storage pressure of 750 psia 
(51.7 bars) during discharge for normal 70°F (21°C) storage. The 
discharge rate through equivalent orifices shall be based on the 
values given in Table 1-10.4.4(c). Design nozzle pressure at 70°F 

](21 °C) storage shall not be less than 300 psia (20.7 bars). 

1-11 Inspection, Maintenance and Instruct ion.  

1-11.1" A manufacturer 's  test and maintenance procedure shall be 
provided to the owner for testing and maintenance of the system. 
The procedure shall provide for the initial testing of the equipment 
as well as for periodic inspection and maintenance. 

1-11.2" Inspection and  Tests. At least annually, all carbon diox- 
ide systems shall be thoroughly inspected and tested for proper 
operation by competent personnel. (See 1-11.4.) 

1-11.2.1 The goal of this inspection and testing shall be not only to 
ensure that the system is in full operating condition but shall indicate 
the probable continuance of that condition until the next inspection. 

1-11.2.2 Suitable discharge tests shall be made when any inspection 
indicates their advisability. 
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1-11.2.3 An inspection report  with recommendat ions shall be filed 
with the owner. 

1-11.2.4 Between the regular service contract  inspection or tests, 
the system shall be inspected visually or otherwise by approved or 
competent  personnel, following an approved schedule. 

1-11.2.5 At least semiannually, all high pressure cylinders shall be 
weighed and the date of the last hydrostatic test noted (see 1-9.5.2). 
If, at any time, a container shows a loss in net content of more than 
10 percent, it shall be refilled or replaced. 

1-11.2.6 At least weekly the liquid level gages of low pressure con- 
tainers shall be observed. If at any time a container shows a loss of 
more than 10 percent, it shall be refilled, unless the min imum gas re- 
quirements are still provided. 

1-11.3 Main tenance .  These systems shall be maintained in full 
operat ing condition at all times. Use, impairment,  and restoration of  
this protection shall be reported promptly to the authority having 
jurisdiction. 

1-11.3.1 Any troubles or impairments shall be corrected at once by 
competent  personnel. 

1-11.4 Ins t ruc t ion .  All persons who may be expected to inspect, 
test, maintain,  or operate carbon dioxide fire extinguishing systems 
shall be thoroughly trained and kept thoroughly trained in the func- 
tions they are expected to perform. 

1-11.4.1 Tra ining programs approved by the authority having 
jurisdiction shall be established to accomplish this. 
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Chapter 2 Total Flooding Systems 

2-1" General Information. 
2-1.1 Descript ion.  A total flooding system consists of a fixed sup- 
ply of carbon dioxide permanent ly  connected to fixed piping, with 
fixed nozzles arranged to discharge carbon dioxide into an enclosed 
space or enclosure about the hazard. 

2-1.2 Uses. This type of system may be used where there is a per- 
manent  enclosure about  the hazard that is adequate to enable the re- 
quired concentrat ion to be built up, and to be maintained for the re- 
quired period of  time to ensure the complete and permanent  ex- 
t inguishment of the fire in the specific combustible material  or 
materials involved. 

2-1.2.1 Examples of hazards that may be successfully protected b~¢ 
total flooding systems include rooms, vaults, enclosed machines, 
ovens, containers, and the contents thereof. 

2-1.3 Genera l  Requi rements .  Total  flooding systems shall be 
designed, installed, tested, and maintained in accordance with the 
applicable requirements in the previous chapter  and with the addi- 
tional requirements set forth in this chapter.  

2-1.4 Safety Requi rements .  Reference is made to Sections 1-6.2 
and A-1-6.2 regarding hazards to personnel due to obscuration of 
vision and reduction of oxygen concentrat ion below that which will 
support life not only in the immediate area of discharge but in adja- 
cent areas to which gas may migrate. 

2-2 Hazard Specifications. 
2-2.1 Enclosure .  Under  this class of protection, a reasonably well- 
enclosed space is assumed in order to minimize the loss of the ex- 
tinguishing medium. The  area of allowable unclosable openings 
depends upon the type of  combustibles involved. 

2-2.1.1 For flash or surface type fires such as will be present with 
f lammable liquids, any unclosable openings shall be compensated 
for by additional carbon dioxide as specified in 2-3.5.1. If  the quan- 
tity of carbon dioxide required for compensation exceeds the basic 
quantities required for flooding without leakage, the system may be 
designed for local application in accordance with Chapter  3. 

2-2.1.2 For deep-seated fires such as will be involved with solids, 
unclosable openings shall be restricted to those bordering or actually 
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in the ceiling, if the size of the openings exceeds the pressure relief 
venting requirements set forth in 2-6.2.1. 
Exception: I f  the openings are larger, the system shall be tested to 
assure proper performance. 

2-2.1.3 To prevent fire from spreading through openings to adja- 
cent hazards or work areas which may be possible reignition sources, 
such openings shall be provided with automatic closures or screening 
nozzles. The gas required for such protection shall be in addition to 
the normal requirement for total flooding. (See 3-4.3.6.) Where such 
confinement of gas is impracticable, protection shall be extended to 
include these adjacent hazards or work areas. 

2-2.1.4 In the case of process and storage tanks where safe venting 
of flammable vapors and gases cannot be realized, the use of external 
local application systems outlined in 3-4.3.6 is required. 

2-2.2 Leakage and Ventilation, Since the efficiency of carbon 
dioxide systems depends upon the maintenance of an extinguishing 
concentration of carbon dioxide, leakage of gas from the space shall 
be kept to a minimum and compensated for by applying extra gas. 

2-2.2.1 Where possible, openings such as doorways, windows, etc., 
shall be arranged to close automatically before or simultaneously 
with the start of the carbon dioxide discharge, or 2-3.5.1 and 2-4.4.1 
shall be followed. 

2-2.2.2 Where forced air ventilating systems are involved, they 
shall be preferably shut down or closed, or both, before or 
simultaneously with the start of the carbon dioxide discharge, or ad- 
ditional compensating gas shall be provided. (See 2-3.5.2.) 

2-2.3* Types of Fires. Fires which can be extinguished by total 
flooding methods may be divided into two categories: namely, (a) 
surface fires involving flammable liquids, gases and solids, and (b) 
deep-seated fires involving solids subject to smoldering. 

2-2.3.1 Surface fires are the most common hazard particularly 
adaptable to extinguishment by total flooding systems. They are sub- 
ject to prompt extinguishment when carbon dioxide is quickly in- 
troduced into the enclosure in sufficient quantity to overcome 
leakage and provide an extinguishing concentration for the par- 
ticular materials involved. 

2-2.3.2 For deep-seated fires, the required extinguishing concen- 
tration shall be maintained for a sufficient period of time to allow the 
smoldering to be extinguished and the material to cool to a point at 
which reignition will not occur when the inert atmosphere is 
dissipated. In any event, it is necessary to inspect the hazard im- 
mediately thereafter to make certain that extinguishment is complete 
and to remove any material involved in the fire. 
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2-3* C a r b o n  D iox ide  R e q u i r e m e n t s  for Surface Fires .  

2-3.1 G e n e r a l .  The  quant i ty  of carbon dioxide  for surface type 
fires is based on average condit ions assuming fairly p r o m p t  ex- 
t inguishment .  A reasonable  a l lowance for no rma l  leakage is inc luded 
in the basic volume factors bu t  correct ions shall be made  for the type 
mate r ia l  involved and  any other  special condit ions.  

2-3.2 F l a m m a b l e  Mate r i a l s .  Proper  considerat ion shall be given 
to the de te rmina t ion  of the design concentra t ion of carbon  dioxide 
requi red  for the type of f l ammable  mate r ia l  involved in the hazard .  
The  design concent ra t ion  is de te rmined  by add ing  a sui table factor  
(20 percent)  to the m i n i m u m  effective concentra t ion.  

2-3.2.1 Tab le  2-3.2.1 gives the theoret ical  m i n i m u m  carbon  diox- 
ide concent ra t ion  and the suggested m i n i m u m  design ca rbon  dioxide 
concent ra t ion  to prevent  ignit ion of some common  liquids and  gases. 

2-3.2.2 For mater ia ls  not given in Tab le  2-3.2.1, the m i n i m u m  
theoret ical  ca rbon  dioxide concentra t ion  shall be ob ta ined  from 
some recognized source or de te rmined  by test. If  m a x i m u m  residual  
oxygen values are available,  the theoret ical  ca rbon  dioxide concen- 
t ra t ion may  be ca lcula ted  by the following formula:  

% C O 2 -  (21-O2) X 100 
21 

2-3.3 Vo lume  Fac to r .  The  volume factor  used to de te rmine  the 
basic quant i ty  of ca rbon  dioxide to protect  an enclosure conta in ing  a 
ma te r i a l  requi r ing  a design concent ra t ion  up  to 34 percent  shall be 
in accordance  with Tab le  2-3.3. 

2-3.3.1 In f igur ing the net  cubic capaci ty  to be protec ted ,  due  
al lowance may be made  for pe rmanen t  nonremovable  impe rmeab le  
structures mater ia l ly  reducing  the volume. 

2-3.3.2 As the average small  space has propor t iona te ly  more  boun- 
dary  area  per  enclosed volume than  a larger  space, grea ter  p ropor -  
t ionate  leakages are an t ic ipa ted  and  accounted  for by the g raded  
volume factors in Tab le  2-3.3. 

2-3.3.3 The  least gas quanti t ies  for the smallest  volumes are 
t abu la ted  in o rder  to clarify the intent  of  Column B and thus avoid 
possible over lapping  at  border l ine  volumes. 
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Table  2-3.2.1 Min imum Carbon Dioxide Concentra t ions  
for Ext inguishment .  

Theoretical Minimum 
Min. CO,  Design CO2 

Concen- Concen- 
Material tration (%) tration (%) 

Acetylene 55 66 
Acetone 26* 31 
Benzol, Benzene 31 37 
Butadiene 34 41 

ButaL ~ 28 34 
Carbon Disulphide 55 66 
Carbon Monoxide 53 64 
Coal or Natural Gas 31 * 37 

Cyclopropane 31 37 
Dowtherm 38" 46 
Ethane 33 40 
Ethyl Ether 38* 46 

Ethyl Alcohol 36 43 
Ethylene 41 49 
Ethylene Dichloride 21 25 
Ethylene Oxide 44 53 

Gasoline 28 34 
Hexane 29 35 
Hydrogen 62 74 
Isobutane 30* 36 

Kerosene 28 34 
Methane  25 30 
Methyl Alcohol 26 31 
Pentane 29 35 

Propane 30 36 
Propylene 30 36 
Quench, Lube Oils 28 34 

N O T E :  The theoretical minimum extinguishing concentrations in air for 
the above materials were obtained from Bureau of Mines Limits of Flam- 
mability of Gases and Vapors (Bulletin 503). Those marked with * were 
calculated from accepted residual oxygen values. 

2 -3 .3 .4  In  two or  m o r e  i n t e r c o n n e c t e d  v o l u m e s  w h e r e  " f ree  f low" of  
c a r b o n  d i o x i d e  c a n  t ake  p lace ,  t he  c a r b o n  d i o x i d e  q u a n t i t y  sha l l  b e  
t he  s u m  of  t he  q u a n t i t i e s  c a l c u l a t e d  for  e a c h  v o l u m e ,  u s i n g  its 
r e spec t ive  v o l u m e  f a c t o r  f r o m  T a b l e  2-3.3 or  2 -3 .3 (M) .  If one  v o l u m e  
r e q u i r e s  g r e a t e r  t h a n  n o r m a l  c o n c e n t r a t i o n  (see 2-3.4), t he  h i g h e r  
c o n c e n t r a t i o n  sha l l  b e  used  in all  i n t e r c o n n e c t e d  vo lumes .  
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Table 2-3.3 Flooding Factors 

(C) 
(A) (B) Calculated Quart. 

Volume of Space Volume Factor (lb) 
(cu ft Incl.) (cu ft/lb CO,,) (lb CO~/cu ft) Not Less Than 

Up to 140 14 .072 - -  
141- 500 15 .067 10 
501- 1600 16 .063 35 

1601- 4500 18 .056 100 
4501-50,000 20 .050 250 
Over 50,000 22 .046 2500 

Table  2-3.3 (M) Flooding Factors 

(C) 
(A) (B) Calculated Quan. 

Volume of Space Volume Factor (kg) 
(m 3 Incl.) (m3/kg COs) (kg CO2/m 3) Not Less Than 

Up to 3.96 0.86 1.15 - -  
3.97- 14.15 0.93 1.07 4.5 

14.16- 45.28 0.99 1.01 15.1 
45.29-127.35 1.11 0.90 45.4 

127.36-1415 .0  1.25 0.80 113.5 

Over 1415.0 1.38 0.77 1135.0 

2-3.4 M a t e r i a l  Convers ion  Fac tor .  For mater ia ls  requi r ing  a 
design concent ra t ion  over 34 percent ,  the basic quant i ty  of ca rbon  
dioxide  ca lcula ted  from the volume factor  given in Tab le  2-3.3 shall 
be increased by mul t ip ly ing  this quant i ty  by the app rop r i a t e  conver- 
sion factor  given in Figure 2-3.4. 

2-3.5 Specia l  Cond i t ions .  Addi t iona l  quanti t ies  of carbon  dioxide  
shall be provided to compensate  for any special condi t ion that  may  
adversely affect the ext inguishing efficiency. 

2-3.5.1" Any openings that  cannot  be  closed at  the t ime of ex- 
t inguishment  shall be compensa ted  for by the addi t ion  of a quant i ty  
of carbon dioxide  equal  to the an t ic ipa ted  loss dur ing  a 1-min 
holding t ime.  This  amoun t  of ca rbon  dioxide shall be appl ied  
th rough  the regula r  d is t r ibut ion  system. (See 2-2.1.1 and A -2-5.3.3. ) 
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Figure 2-3.4 Material conversion factors. 

2-3.5.2 For ventilating systems which cannot be shut down, addi- 
tional carbon dioxide shall be added to the space through the regular 
distribution system in an amount computed by dividing the volume 
moved during the liquid discharge period by the flooding factor. 
This shall be multiplied by the material conversion factor (determin- 
ed in Figure 2-3.4) when the design concentration is greater than 34 
percent. 

2-3.5.3* For applications where the normal temperature of the 
enclosure is above 200°F (93°C), a 1 percent increase in the 
calculated total quantity of carbon dioxide shall be provided for each 
additional 5 °F ( - 15 °C) above 200 °F (93 °C). 

2-3.5.4 For applications where the normal temperature of the 
enclosure is below 0°F ( - 1 8 ° C ) ,  a 1 percent increase in the 
calculated total quantity of carbon dioxide shall be provided for each 
degree below 0°F ( -  18°C). 

2-3.5.5 Under normal conditions, surface fires are usually ex- 
tinguished during the discharge period. Except for unusual condi- 
tions, it will not be necessary to provide extra carbon dioxide to 
maintain the concentration. 
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2-4 C a r b o n  D i o x i d e  R e q u i r e m e n t s  for  Deep-sea ted  Fires .  

2-4.1 G e n e r a l .  The  of carbon  dioxide for quant i ty  deep-seated  
type fires is based on fairly t ight enclosures. The  concent ra t ion  shall 
be ma in t a ined  for a substant ia l  per iod  of t ime, but  not  less than  20 
min.  Any possible leakage shall be given special considera t ion  since 
no al lowance is inc luded  in the basic f looding factors, 

2-4.2 Combus t i b l e  Ma te r i a l s .  For combust ib le  mater ia ls  capable  
of p roduc ing  deep-seated  fires, the requi red  ca rbon  dioxide concen- 
trat ions cannot  be de t e rmined  with the same accuracy possible with 
surface burn ing  mater ia ls .  The  ext inguishing concent ra t ion  will vary 
with the mass of mate r ia l  present  because of the thermal  insulat ing 
effects. F looding factors have, therefore,  been de t e rmined  on the 
basis of prac t ica l  test condit ions.  

2-4.2.1 The  f looding factors in Tab le  2-4.2.1 have been found  to 
provide p roper  design concentra t ions  for the rooms and  enclosures 
listed. 

Table 2-4.2.1 Flooding Factors for Specific Hazards  

Flooding Factor 
Design (Cu (lb 
Concen- ft/lb CO,/cu 
tration CO2) mS/kg CO2 ft) kg CO~/m 3 Specific Hazard 

50 12 0.75 .083 1.33 Dry electrical, wir- 
ing insulation haz- 
ards in general (not 
less than 200 lbs 
[91 kg]). 

50 10 0.62 .100 1.60 Small elec. machines, 
wire  enc lo su re s ,  
under 2000 cu ft 
(56.60m3). 

65 8 0.50 .125 2.00 Record (bulk paper) 
storage, ducts, and 
mechanically venti- 
l a t e d  c o v e r e d  
trenches, 

75 6 0.38 .166 2.66 Fur storage vaults, 
dust collectors. 

2-4.2.2 Flooding factors for o ther  deep-seated  fires shall be 
just if ied to the sat isfaction of the author i ty  having jur isdic t ion  before 
use. Proper  considera t ion shall be given to the mass of ma te r i a l  to be 
pro tec ted  because the rate  of cooling is r educed  by the thermal  in- 
sulat ing effects. 
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2-4.3 Volume Consideration. The volume of the space shall be 
determined in accordance with 2-3.3.1. The basic quantity of carbon 
dioxide required to protect an enclosure shall be obtained by treating 
the volume of the enclosure by the appropriate flooding factor given 
in 2-4.2. 

2-4.4 Special Conditions. Additional quantities of carbon dioxide 
shall be provided to compensate for any special condition that may 
adversely affect the extinguishing efficiency. (See 2-3.5.2, 2-3.5.3 
and 2-3.5.4.) 

2-4.4.1 Any openings that cannot be closed at the time of ex- 
tinguishment shall be compensated for by the addition of carbon 
dioxide equal in volume to the expected leakage volume during the 
extinguishing period. If leakage is appreciable, consideration shall 
be given to an extended discharge system as covered in 2-5.3. (Also 
see 2-2.1.2.) 

2-5 Distribution System. 
2-5.1 General. The distribution system for applying carbon diox- 
ide to enclosed hazards shall be designed with due consideration for 
the materials involved and the nature of the enclosure since these 
items may require various discharge times and rates of application. 

2-5.2* Rate of Application. The minimum design rate of applica- 
tion shall be based on the quantity of carbon dioxide and the max- 
imum time to achieve design concentration. 

2-5.2.1 For surface fires the design concentration shall be achieved 
within 1 rain. 

2-5.2.2 For high pressure systems, if a part of the hazard is to be 
protected by total flooding, the discharge rate for the total flooding 
portion shall be computed as specified in 3-3.2.3. 

2-5.2.3 For deep-seated fires the design concentration shall be 
achieved within 7 min but the rate shall not be less than that re- 
quired to develop a concentration of 30 percent in 2 min. 

2-5.3 Extended Rate of Application. Where leakage is ap- 
preciable and the design concentration must be obtained quickly and 
maintained for an extended period of time, carbon dioxide provided 
for leakage compensation may be applied at a reduced rate. 

2-5.3.1 This type of system is particularly applicable to enclosed 
rotating electrical apparatus, such as generators, motors and conver- 
tors, but it may also be used on ordinary total flooding applications 
where suitable. 

2-5.3.2 The minimum design concentration shall be obtained 
within the time limits specified in 2-5.2. 
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2-5.3.3* The extended rate of discharge shall be sufficient to main- 
tain the minimum concentration. 

2-5.3.4* For enclosed rotating electrical equipment a minimum 
concentration of 30 percent shall be maintained for the deceleration 
period, but not less than 20 min. 

2-5.4 Piping Systems. Piping shall be designed in accordance with 
1-10.5 to deliver the required rate of application at each nozzle. 

2-5.4.1" High pressure storage temperatures may range from 0°F 
( - 18°C) to 130°F (54°C) without requiring special methods of com- 
pensating for changing flow rates. (See A-2-5.4.1.) 

2-5.5 Nozzle Sizing and Distribution. Nozzles used in connection 
with total flooding systems with either high or low pressure supply 
shall be of a type suitable for the intended purpose, and shall be 
located to achieve the best results. 

2-5.5.1 The type of nozzles selected and their placement shall be 
such that the discharge will not unduly splash flammable liquids or 
create dust clouds that might extend the fire, create an explosion, or 
otherwise adversely affect the contents of the enclosure. Nozzles vary 
in design and discharge characteristics and shall be selected on the 
basis of their adequacy for the use intended. 

2-5.5.2 Spacing and sizing of nozzles in ductwork is dependent on 
many factors, i.e., velocity in duct, location and effectiveness of 
dampers, possible loading of duct walls with combustible deposits, 
duct length, and cross section dimensions. The nozzle locations and 
sizing shall be selected to assure distribution of the carbon dioxide 
throughout the entire length of the ductwork. Automatic dampers 
shall be provided to close on system operation. No allowance is need- 
ed for inlet and outlet duct openings (see Table 2-4.2.1). 

2-6 Venting Consideration. 
2-6.1 General. The venting of flammable vapors and pressure 
buildup from the discharge of quantities of carbon dioxide into 
closed spaces shall be considered. Venting of flammable vapors is 
covered in 2-2.1.4. The pressure venting consideration involves such 
variables as enclosure strength and injection rate. 

2-6.2 Pressure Relief Venting. Porosity and leakages such as at 
doors, windows, and dampers, though not readily apparent or easily 
calculated, have been found to provide sufficient relief for the nor- 
mal carbon dioxide flooding systems without need for additional 
venting. Record storage rooms, refrigerated spaces, and duct work 
have also been found to need no additional venting when tested 
under their average system conditions. 
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2-6.2.1 For  very t ight  enclosures ,  the  a rea  necessary for free ven t ing  
shall  be ca l cu l a t ed  f r o m  the  fo l lowing  f o r m u l a .  Assuming  the expan-  
sion of  c a r b o n  d iox ide  to be  9 cu  f t / l b  (0 .56m3/kg)  will give satisfac- 
tory results. 

x Q 
1.3 -V/~ - 

where: X = Free venting area in sq in. 

Q = Calculated carbon dioxide flow rate in lbs/min. 

P = Allowable strength of enclosure in lbs/sq f t  

For SI Uni t s  

23.9 Q,u Xu 

X~ = Free venting area sq mm 
Qu = Calculated carbon dioxide flow rate in kg/min. 
PM = Allowable strength of enclosure, bars - -  gage. 

2-6 .2 .2  In  m a n y  instances,  pa r t i cu l a r l y  w h e n  haza rdous  mate r i a l s  
a re  involved,  re l ief  open ings  are  a l r eady  p rov ided  for explos ion  vent-  
ing. These  a n d  o the r  ava i lab le  open ings  of ten  p rov ide  a d e q u a t e  
vent ing .  

2-6 .2 .3  Gene ra l  cons t ruc t ion  prac t ices  p rov ide  the  gu ide  in T a b l e  
2-6 .2 .3  for cons ide r ing  the  n o r m a l  s t r eng th  and  a l lowable  pressures 
of  average  enclosures .  

T a b l e  2-6.2.3 Strength and Allowable Pressures for Average Enclosures. 

Type Construction Windage Pressure In. Water PSI Bars-Gage 

Light Building 100 MPH 25 lb/sq ft I 5 .175 0.012 

Normal Building 140 MPH 50 lb/sq ft ~ 10 .35 0.024 

Vault Building 200 MPH 100 lb/sq ft 20 .70 0.048 

1Venting sash remains closed. 
~Venting sash designed to open freely. 
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Chapte r  3 Local  Appl ica t ion  Systems 

3-1" Genera l  I n f o r m a t i o n .  

3-1.1 Descript ion.  A local application system consists of a fixed 
supply of carbon dioxide permanent ly  connected to a system of fixed 
piping with nozzles arranged to discharge directly into the fire. 

3-1.2 Uses. Local application systems may be used for the ex- 
t inguishment of  surface fires in f lammable liquids, gases, and 
shallow solids where the hazard is not enclosed or where the enclosure 
does not conform to the requirements for total flooding. 

3-1.2.1 Examples of hazards that may be successfully protected by 
local application systems include dip tanks, quench tanks, spray 
booths, oil-filled electric transformers, vapor vents, etc. 

3-1.3 Genera l  Requi rements .  Local application systems shall be 
designed, installed, tested and maintained in accordance with the 
applicable requirements in previous chapters and with the additional 
requirements set forth in this chapter.  

3-1.4 Safety Requi rements .  Reference is made to Sections 1-6.2 
and A-1-6.2 regarding hazards to personnel due to obscuration of 
vision and reduction of oxygen concentration below that which will 
support life not only in the immediate area of discharge but in adja- 
cent areas to which gas may migrate. 

3-2 Hazard Specifications. 
3-2.1 Extent  of Hazard. The hazard shall be so isolated from 
other hazards or combustibles that fire will not spread outside the 
protected area. The  entire hazard shall be protected. The  hazard 
shall include all areas that  are or may become coated by combustible 
liquids or shallow solid coatings such as areas subject to spillage, 
leakage, dripping, splashing, or condensation, and all associated 
materials or equipment  such as freshly coated stock, drain boards, 
hoods, ducts, etc., that might  extend fire outside or lead fire into the 
protected area. 

3-2.1.1 A series of interexposed hazards may be subdivided into 
smaller groups or sections with the approval of the authority having 
jurisdiction. Systems for such hazards shall be designed to give im- 
mediate independent  protection to adjacent groups or sections as 
needed. 
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3-2.2 L o c a t i o n  o f  H a z a r d .  The hazard may be indoors, partly 
sheltered or completely out of doors. It is essential that the carbon 
dioxide discharge shall be such that winds or strong air currents do 
not impair the protection. 

3-3 Carbon  Dioxide R e q u i r e m e n t s .  

3-3.1" Genera l .  The quanti ty of carbon dioxide required for local 
application systems shall be based on the total rate of discharge need- 
ed to blanket the area or volume protected and the time that the 
discharge must be maintained to assure complete extinguishment. 

3-3.1.1" For systems with high pressure storage, the computed 
quanti ty of carbon dioxide shall be increased by 40 percent to deter- 
mine nominal cylinder storage capacity since only the liquid portion 
of the discharge is effective. This increase in cylinder storage capaci- 
ty is not required for the total flooding portion of combined local 
application-total flooding systems. 

3-3.1.2" Where long pipelines are involved or where the piping 
may be exposed to higher than normal  temperatures, the quanti ty 
shall be increased by an amount  sufficient to compensate for liquid 
vaporized in cooling the piping. 

3-3.2 R a t e  o f  Discharge.  Nozzle discharge rates shall be deter- 
mined by either the surface method or the volume method as covered 
in Sections 3-4 and 3-5. 

3-3.2.1 The total rate of discharge for the system shall be the sum 
of the individual rates of all the nozzles or discharge devices used on 
the system. 

3-3.2.2 For low pressure systems, if a part  of the hazard is to be pro- 
tected by total flooding, the discharge rate for the total flooding part  
shall be sufficient to develop the required concentrat ion in not more 
than the discharge time used for the local application par t  of the 
system. 

3-3.2.3 For high pressure systems, if a part  of the hazard is to be 
protected by total flooding, the discharge rate for the total flooding 
part  shall be computed by dividing the quanti ty required for total 
flooding by the factor 1.4 and by the time of the local application 
discharge in minutes. 

Qg _ wg 
1.4 TL 

Where: QF = Kate of flow for the total flooding portion 
in lbs/min (kg/min) 

WF = Total quantity of carbon dioxide for the 
total flooding portion in pounds (kg) 

TL = Liq.uid discharge time for the local appli- 
cataon portion in minutes 
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3-3.3* D u r a t i o n  of Discharge .  The  m i n i m u m  effective discharge 
t ime for compu t ing  quant i ty  shall be 30 sec. T h e  m i n i m u m  t ime 
shall be increased to compensa te  for any hazard  condi t ion that  would 
require  a longer  cooling per iod to assure comple te  ext inguishment .  

3-3.3.1 Where  there is a possibility that  me ta l  or other  mate r ia l  
may  become hea ted  above the ignit ion t empera tu re  of the fuel, the 
effective discharge t ime shall be increased to allow adequa te  cooling 
t ime. 

3-3.3.2* Where  the fuel has an  auto- igni t ion point ,  below its boil- 
ing point ,  such as paraf f in  wax and cooking oils, the effective 
discharge t ime shall be increased to permi t  cool ing of the fuel to pre- 
vent re- ignit ion.  The  m i n i m u m  discharge t ime shall be 3 rain. 

3-4 Rate by Area Method. 
3-4.1 G e n e r a l .  The  area  method  of system design is used where 
the fire hazard  consists p r imar i ly  of  flat surfaces or low level objects 
associated with horizontal  surfaces. 

3-4.1.1 System design shall  be based on listing or approva l  da t a  for 
individual  nozzles. Ex t rapo la t ion  of  such da ta  above or below the up- 
per  or lower limits shall not be permi t ted .  

3-4.2 Nozzle  D i scha rge  Rates .  The  design discharge rate  through 
individual  nozzles shall be de t e rmined  on the basis of locat ion or pro- 
ject ion dis tance in accordance  with specific approvals  or listings. 

3-4.2.1" The  discharge rate  for overhead type nozzles shall be 
de te rmined  solely on the basis of  dis tance from the surface each noz- 
zle protects.  

3-4.2.2* The  discharge rate  for tankside nozzles shall be de termin-  
ed solely on the basis of throw or  project ion requi red  to cover the sur- 
face each nozzle protects.  

3-4.3 Area  pe r  Nozzle .  The  m a x i m u m  area pro tec ted  by each 
nozzle shall be de te rmined  on the basis of  locat ion or projec t ion  
dis tance and the design discharge rate  in accordance  with specific 
approvals  or  listings. 

3-4.3.1 The  same factors used to de te rmine  the design discharge 
rate  shall be used to de te rmine  the m a x i m u m  area to be pro tec ted  by 
each nozzle. 

3-4.3.2 The  por t ion  of the hazard  pro tec ted  by individual  overhead 
type nozzles shall be considered as a square area.  

3-4.3.3 The  por t ion  of the hazard  protec ted  by individual  tankside 
or  l inear  nozzles may  be ei ther  a rec tangu la r  or a square area  in ac- 
cordance  with spacing and  discharge l imita t ions  s tated in specific ap- 
provals or listings. 
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3-4.3.4 W h e n  coated rollers or other  s imilar  i r regular  shapes are to 
be protec ted ,  the pro jec ted  wetted area  may be used to de te rmine  
nozzle coverage. 

3-4.3.5 Where  coated surfaces are to be protected,  the area per  
nozzle may be increased by 40 percent  over the areas given in specific 
approvals  or listings. Coated surfaces are defined as those designed 
for d ra inage  which are constructed and ma in ta ined  so that  no pools 
of  l iquid will accumula te  over a total  area exeeeding 10 percent  of 
the pro tec ted  surface. This  subsection does not  apply  where there is a 
heavy bu i ldup  of residue. (See 3-1.2.) 

3-4.3.6 Where  local appl ica t ion  nozzles are used for protect ion 
across openings as def ined in 2-2.1.3 and 2-2.1.4, the area per  nozzle 
given by specific approva l  or listing may be increased 20 percent .  

3-4.3.7 When  deep layer f l ammab le  l iquid fires are to be pro- 
tected,  a m i n i m u m  freeboard  of  6 in. (152 ram) shall be provided 
unless otherwise noted in approvals  or listings of nozzles. 

3-4.4 Loca t ion  and N u m b e r  of Nozzles.  A sufficient number  of 
nozzles shall be used to adequate ly  cover the entire hazard  area  on 
the basis of the unit  areas protec ted  by each nozzle. 

3-4.4.1 Tanks ide  or l inear  type nozzles shall be located in accor- 
dance  with spacing and discharge ra te  l imitat ions stated in specific 
approvals  or listings. 

3-4.4.2 Overhead  type nozzles shall be instal led pe rpend icu la r  to 
the hazard  and centered over the area pro tec ted  by the nozzle. They 
may  also be instal led at angles between 45 degrees and 90 degrees 
from the p lane  of the hazard  surface as prescr ibed in 3-4.4.3. The  
height  used in de te rmin ing  the necessary flow rate and area  coverage 
shall be the dis tance from the a iming  point  on the protec ted  surface 
to the face of the nozzle measured  a long the axis of the nozzle. 

3-4.4.3 When  instal led at  an angle, nozzles shall be a imed at  a 
point  measured  from the near  side of the area protec ted  by the noz- 
zle, the locat ion of which is ca lcula ted  by mul t ip ly ing  the fract ional  
a iming factor  in Tab le  3-4.4.3 by the width of the area pro tec ted  by 
the nozzle. 

3-4.4.4 Nozzles shall be located so as to be free of possible obstruc- 
tions that  could interfere with the proper  project ion of  the dis- 
charged  carbon dioxide.  
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Table 3-4.4.3 Aiming Factors for Angular Placement of Nozzles ,  Based on 
6-inch (152mm) Freeboard. 

Discharge Angle i Aiming Factor 2 

45-60 ° 
60-75 1/~_~ 
75-90 ~ - ~  
90 (perpendicular) 1~ (center) 

aDegrees from plane of hazard surface. 
ZFractional amount of nozzle coverage area. 

3-4.4.5 Nozzles shall be located so as to develop an ext inguishing 
a tmosphere  over coated stock ex tending  above a pro tec ted  surface. 
Addi t iona l  nozzles may be requi red  for this specific purpose,  par- 
t icular ly  if stock extends more  than  2 ft (0.6 m) above a pro tec ted  
surface. 

3-4.4.6 The  possible effects of air  currents,  winds and  forced drafts  
shall be compensa ted  for by proper ly  locat ing nozzles or by providing 
addi t iona l  nozzles to adequate ly  protect  the outside areas of the 
hazard.  

3-5 Ra te  by  V o l u m e  Me thod .  

3-5.1 G e n e r a l .  The  volume me thod  of system design is used where 
the fire hazard  consists of three-d imens ional  i r regular  objects that  
cannot  be easily reduced  to equivalent  surface areas. 

3-5.2 Assumed Enc losure .  The  total  discharge rate of the system 
shall be based on the volume of an assumed enclosure entirely sur- 
round ing  the hazard .  

3-5.2.1 The  assumed enclosure shall be based on an ac tua l  closed 
floor unless special provisions are made  to take care of bo t tom condi- 
tions. 

3-5.2.2 The  assumed walls and ceiling of this enclosure shall be at  
least 2 ft (0.6 m) from the ma in  hazard  unless ac tua l  walls are in- 
volved and shall enclose all areas of  possible leakage,  splashing or 
spil lage. 

3-5.2.3 No deduct ions  shall be made  for solid objects within this 
volume. 

3-5.2.4 A m i n i m u m  dimension of 4 ft (1.2 m) shall be used in 
ca lcula t ing  the volume of  the assumed enclosure.  
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3-5.2.5 If the hazard  may be subjected to winds or forced drafts,  
the assumed volume shall be increased to compensate  for losses on 
the windward  sides. 

3-5.3 System Discha rge  Rate .  The  total  discharge rate  for the 
basic system shall be equal  to 1 l b / m i n / c u  ft (16kg /min /m 3) of 
assumed volume. 

3-5.3.1 If the assumed enclosure has a closed floor and  is part ly 
def ined by pe rmanen t  cont inuous  walls ex tending  at least 2 ft (0.6 m) 
above the hazard  (where the walls are not normal ly  a par t  of the 
hazard) ,  the discharge rate  may be propor t iona te ly  reduced to not 
less than  0.25 l b / m i n / c u  ft ( 4 k g / m i n / m  n) for ac tua l  walls completely 
su r round ing  the enclosure. 

3-5.4 Loca t ion  a n d  N u m b e r  of Nozzles.  A sufficient number  of 
nozzles shall be used to adequate ly  cover the ent ire  hazard  volume on 
the basis of the system discharge rate  as de te rmined  by the assumed 
volume. 

3-5.4.1 Nozzles shall be located and  d i rec ted  so as to re ta in  the 
d ischarged ca rbon  dioxide in the hazard  volume by sui table coopera- 
t ion between nozzles and objects in the hazard  volume. 

3-5.4.2 Nozzles shall be located so as to compensa te  for any possible 
effects of  air  currents ,  winds or forced drafts .  

3-5.4.3 The  design discharge rates th rough  indiv idual  nozzles shall 
be de te rmined  on the basis of locat ion or project ion dis tance in ac- 
cordance  with specific approvals  or listings for surface fires. 

3-5.4.4 Special  purpose  nozzles may  have discharge rates based on 
other  factors. 

3-6 Distribution System. 

3-6.1 G e n e r a l .  The  system shall be designed to provide an effec- 
tive discharge of carbon  dioxide p rompt ly  before excessive amounts  
of  heat  can be absorbed  by mater ia ls  within the hazard.  

3-6.1.1 The  carbon dioxide  supply shall be located as near  to the 
hazard  as prac t icab le  and yet not  exposed to the fire, and  the pipe 
line shall be as direct  as prac t icable  with a m i n i m u m  n u m b e r  of 
turns in o rder  to get  ca rbon  dioxide  to the fire prompt ly .  

3-6.1.2 The  system shall be designed for au tomat ic  opera t ion  ex- 
cept  where the authori t ies  having jur isdict ion permi t  manua l  opera-  
tion. 

3-6.2 P i p i n g  Systems. Piping shall be designed in accordance  with 
1-10.6 to deliver the requi red  rate  of  app l ica t ion  at  each nozzle. 
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3-6.2.1" High pressure storage tempera tures  may range from 32 °F 
to 120°F (0°C to 67°C) without  requi r ing  special methods  of com- 
pensa t ing  for changing  flow rates. 

3-6.3 Di scha rge  Nozzles .  The  nozzles used shall be listed or ap- 
proved for rate  of  discharge,  effective range,  and  pa t t e rn  or area 
coverage. 

3-6.3.1 The  equivalent  orifice size used in each nozzle shall be 
de te rmined  in accordance  with 1-10.5 to ma tch  the design discharge 
rate.  

3-6.3.2 Nozzles shall be accurate ly  located and d i rec ted  in accor- 
dance with the system design requi rements  as covered in Sections 3-4 
and  3-5. 
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Chapter 4 Hand Hose Line Systems 

4-1 General Information. 
4-1.1 Desc r ip t ion .  Hand  hose line systems consist of a hose reel or 
rack, hose, and discharge nozzle assembly connected by fixed p ip ing  
to a supply of carbon dioxide.  A separa te  carbon  dioxide  supply can 
be provided for hand  hose line use or ca rbon  dioxide can be p iped  
f rom a centra l  s torage unit  which may  be supplying several hose lines 
or fixed manua l  or au tomat ic  systems. (See 1-9.1.1.) 
4-1.2 Uses. Hand  hose line systems may be used to supplement  
fixed fire pro tec t ion  systems or to supplement  first aid fire ex- 
t inguishers for the protect ion of specific hazards for which carbon 
dioxide  is a sui table  ext inguishing agent .  These systems shall not  be 
used as a substi tute for other  fixed carbon  dioxide fire ext inguishing 
systems equ ipped  with fixed nozzles, except  where the hazard  cannot  
adequate ly  or economical ly  be provided with fixed protect ion.  The  
decision as to whether  hose lines are appl icab le  to the pa r t i cu la r  
hazard  shall rest upon the author i ty  having jurisdict ion.  

4-1.3 G e n e r a l  R e q u i r e m e n t s .  H a n d  hose line systems shall be in- 
stalled and ma in t a ined  in accordance  with the app l icab le  re- 
qui rements  of Chapters  1. 2, and  3, except  as out l ined below. 

4-1.4 Safety R e q u i r e m e n t s .  Reference is made  to Sections 1-6.2 
and A-1-6.2 regard ing  hazards  to personnel  due to obscurat ion of 
vision and  reduct ion of oxygen concent ra t ion  below that  which will 
suppor t  life not only in the immedia te  area of discharge but  in adja- 
cent areas to which gas may migrate .  

4-2 Hazard Specifications. 
4-2.1 Hand  hose line systems may be used to comba t  fires in all 
hazards  covered under  Chap te r  1, except  those which are inaccessi- 
ble and  beyond the scope of manua l  fire fighting. 

4-3 Location and Spacing. 
4-3.1 Loca t ion .  Hand  hose line stations shall be p laced such that  
they are easily accessible and within reach of the most dis tant  hazard  
which they are expected to protect .  In general ,  they shall not be 
located such that  they are exposed to the hazard.  

4-3.2 Spacing .  If  mul t ip le  hose stations are used, they shall be 
spaced so that  any area within the hazard  may be covered by one or 
more  hose lines. 
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4-4 C a r b o n  D iox ide  Requirements. 

4-4.1 Ra te  a n d  D u r a t i o n  of Discharge .  The  rate and  du ra t ion  of 
discharge and consequently the amoun t  of  carbon  dioxide shall  be 
de te rmined  by the type and potent ia l  size of the hazard.  A hand  hose 
line shall have a sufficient quant i ty  of carbon  dioxide to pe rmi t  its 
use for at  least 1 rain. 

4-4.2 P rov i s ion  for  Use by Inexperienced Personnel. The  
possibility of these hose lines being used by inexper ienced personnel  
shall be considered and adequa t e  provision made  so tha t  there  will be 
a sufficient supply of  carbon  dioxide to enable  them to effect ex- 
t inguishment  of the hazards that  they are likely to encounter .  

4-4.3 Simultaneous Use of Hose Lines .  Where  s imul taneous  use 
of two or more  hose lines is possible, a sufficient quant i ty  of carbon 
"dioxide shall be avai lable to supply the m a x i m u m  n u m b e r  of nozzles 
that  are likely to be used at any one t ime for at least 1 min.  

4-5 Equipment Specifications. 

4-5.1 Hose.  Hose lines on systems with high pressure supply shall 
have a m i n i m u m  burs t ing pressure of 5000 psi (344.8 bars) and  hose 
lines of systems with low pressure supply shall have a m i n i m u m  
burs t ing pressure of 1800 psi (124.1 bars).  

4°5.2 Di scha rge  Nozzle  Assembly.  Hose lines shall be equ ipped  
with a discharge nozzle assembly which can be easily hand led  by one 
m a n  and which contains a quick opening  shutoff  valve to control  the 
flow of carbon dioxide th rough  the nozzle and a suitable handle  for 
d i rec t ing  the discharge.  T h e  a t t achmen t  of the discharge nozzle 
assembly to the hose by means of a swivel connect ion is desirable for 
provid ing  more  ease of manipu la t ion .  

4-5.3 Hose L i n e  Storage.  The  hose shall be coiled on a hose reel or 
rack such that  it will be ready for immedia t e  use without  the necessity 
of coupling,  and  such that  it may  be uncoi led with a m i n i m u m  of 
delay. If  instal led outdoors,  it shall be pro tec ted  against  the weather.  

4-5.4 C h a r g i n g  the  Hose  L ine .  Opera t ion  of hand  hose line 
systems depends  upon m a n u a l  ac tua t ion  and  manua l  man ipu la t ion  
of a discharge nozzle. Speed and  simplici ty of opera t ion  is therefore 
essential for successful ext inguishment .  

4-5.4.1 All controls for ac tua t ing  the system shall be located in the 
immedia t e  vicinity of  the hose reel. 
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4-5.4.2 The  carbon  dioxide  supply shall be located as close to the 
hose reel as possible so that  l iquid carbon  dioxide will be suppl ied  to 
the hose line with a m i n i m u m  of delay after actuat ion.  

4-5.4.3 Except  when in ac tua l  use, pressure shall not be permi t ted  
to remain  in the hose line. 

4-6 T r a i n i n g .  Successful ex t inguishment  of fire with hand  hose 
lines is great ly dependen t  upon the individual  abil i ty and technique 
of  the opera tor .  All personnel  who are likely to use this equ ipment  at  
the t ime of  a fire shall be proper ly  t ra ined in its opera t ion  and in the 
fire f ighting techniques appl icab le  to this equipment .  
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Chapter 5 Standpipe Systems and Mobile Supply 

5-1 General Information. 
5-1.1 Description. A standpipe system is a fixed total flooding, 
local application, or hand hose line system without a permanently 
connected carbon dioxide supply. The carbon dioxide supply is 
mounted on a mobile vehicle which can be towed or driven to the 
scene of a fire and quickly coupled to the standpipe system protecting 
the involved hazard. Mobile supply is primarily fire brigade or fire 
department equipment requiring trained personnel for effective use. 

5-1.2 Uses. Standpipe systems and mobile supply may be used to 
supplement complete fixed fire protection systems or may be used 
alone for the protection of the specific hazards outlined below. 
Mobile supply may be used as a reserve to supplement a fixed supply. 
Mobile supply may also be outfitted with hand hose lines for the pro- 
tection of scattered hazards. These systems shall be installed only 
with the approval of the authority having jurisdiction. 

5-1.3 General Requirements. Standpipe systems and mobile sup- 
ply shall be installed and maintained in accordance with the re- 
quirements in Chapters 1, 2, 3, and 4, in addition to those outlined 
below. Piping shall be installed in accordance with the requirements 
applicable for the system if a permanently connected supply is used. 
Appreciable lengths of piping on the portable supply shall be taken 
into account. 

5-2 Hazard Specifications. 

5-2.1 Standpipe systems and mobile supply may be used to protect 
hazards included in Chapters 1, 2, 3, and 4, where extinguishment 
will not be adversely affected by the delay in obtaining effective 
discharge of carbon dioxide while the mobile supply is being brought 
to the scene and coupled to the standpipe system. 

5-3 Standpipe Requirements. 
5-3.1 The supply piping of standpipe systems shall be equipped 
with quick-change couplings and shall terminate in an easily accessi- 
ble and well-marked location for connection to the mobile supply. 
This location shall also be marked with the amount of carbon diox- 
ide required and the required duration of discharge. 
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5-4 Mobile Supply Requirements. 
5-4.1 Capaci ty.  The mobile supply shall have a capacity in accor- 
dance with the provisions of  Chapters 1, 2, 3, and 4. Extra quantities 
may be required to compensate for delay in getting mobile supply to 
the hazard. 

5-4.2 Coupl ing .  The mobile supply shall be provided with suitable 
means for transferring carbon dioxide into the standpipe system. 
Quick-change couplings shall be provided to permit these connec- 
tions to be made as rapidly as possible. 

5-4.3 Mobil i ty.  The storage container or containers of carbon 
dioxide shall be mounted  on a movable vehicle which may be 
brought  to the scene of the fire by manual  means, by a separate 
motor  vehicle, or under its own power. The  means of transporting 
the mobile supply shall be dependable and capable of getting to the 
fire with a min imum of delay. 

5-4.4 Locat ion .  The mobile supply shall be kept close at hand to 
the hazards it is intended to protect in order that fire extinguishment 
may be started as soon as possible after the fire breaks out. 

5-4.5 Accessories. Mobile supply for standpipe systems may be 
provided with hand hose lines as accessory equipment  for the protec- 
tion of small scattered hazards, or as a supplement to standpipe 
systems or other fixed protection. 

5-5 T r a i n i n g .  The effectiveness of fire protection provided by 
standpipe systems and mobile supply depends upon the efficiency 
and ability of the manpower  which handles the mobile supply. It is 
therefore imperative that those persons assigned to the units shall be 
properly trained in its use and maintenance.  Generally, this equip- 
ment  is in the category of fire brigade or fire depar tment  equipment  
requiring a regularly assigned crew. 
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A p p e n d i x  A E x p l a n a t o r y  

Th~s Appendzx is not a part of tht~ NFPA document but is included for information purposes 
only. 

The  following notes bear ing  the same n u m b e r  as the text of the 
Standard of Carbon Dioxide Extinguishing Systems to which they ap- 
ply conta in  useful exp lana tory  mate r ia l  and  references to s tandards .  

A-1-5.2 C a r b o n  Diox ide .  Carbon  dioxide  is a s t andard  commer-  
cial p roduc t  with many  uses. I t  is perhaps  most fami l ia r  as the gas 
tha t  gives the "tingle" in soda pop and  other  ca rbona ted  beverages.  
In other  indust r ia l  appl ica t ions  it may be used for its chemical  pro- 
perties,  for its mechanica l  proper t ies  as a pressurizing agent,  or for 
its ref r igera t ing proper t ies  as dry ice. 

For fire ext inguishing appl icat ions ,  carbon dioxide has a number  
of desirable  propert ies .  I t  is noncorrosive,  n o n d a m a g i n g  and leaves 
no residue to clean up  af ter  the fire. It provides its own pressure for 
discharge th rough  pipes and nozzles. Since it is a gas, it will pene t ra te  
and  spread  to all par ts  of a hazard .  It will not  conduct  electrici ty and  
can therefore be used on live electr ical  hazards.  It can be effectively 
used on pract ica l ly  all combus t ib le  mater ia ls  except  for a few active 
metals  and  meta l  hydrides  and mater ia l s  such as cellulose ni t rate ,  
which conta in  avai lable  oxygen. 

Under  normal  condit ions carbon dioxide  is an odorless, colorless 
gas with a density about  50 percent  grea ter  than  the density of  air. 
Many people insist they can detect  an  odor  of carbon dioxide,  but  
this may be due to impuri t ies  or chemical  effects in the nostrils. Car- 
bon dioxide is easily l iquefied by compression and cooling. By fur- 
ther cooling and expansion it can be conver ted to the solid state. 

The  rela t ionship between the t empera tu re  and the pressure of liq- 
uid  carbon  dioxide is shown on the curve given in Figure A-1-5.2.  It 
will be noted  that  as the t empera tu re  of the l iquid increases, the 
pressure also increases. As the pressure increases, the density of the 
vapor  over the l iquid increases. On  the other  hand,  the l iquid ex- 
pands  as the t empera tu re  goes up and its density decreases. At  
87.8°F (31°C) the l iquid and  vapor  have the same density, and  of 
course the l iquid phase disappears .  This  is cal led the cri t ical  
t empera tu re  for carbon dioxide.  
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Figure A-1-5.2 Variation of pressure of carbon dioxide with chan~e 
in temperature  (constant volume). Below the critical temperature  (87.8 F 
[31°C] ), carbon dioxide in a closed container is part l iquid and part gas. 
Above the critical temperature  it is entirely gas. 

An  unusua l  p rope r ty  of  ca rbon  d iox ide  is the fact  tha t  it c a n n o t  
exist as a l iqu id  at pressures  below 60 psi gage  (75 psi abso lu te  [5.2 
bars]).  Th is  is the  t r ip le  po in t  pressure  where  c a r b o n  d iox ide  m a y  be  
p resen t  as a solid, l iqu id  or  vapor .  Below this pressure  it must  be  
e i the r  a solid or gas, d e p e n d i n g  on the t e m p e r a t u r e .  



12-52 C A R B O N  D I O X I D E  E X T I N G U I S H I N G  SYSTEMS 

If  the pressure in a storage container is reduced by bleeding off 
vapor, some of the liquid will vaporize and the remaining liquid will 
become colder. At 60 psi (75 psi absolute [5.2 bars]) the remaining 
liquid will be converted to dry ice at a temperature  of - 6 9 ° F  
( - 5 6 ° C ) .  Further reduction in the pressure to atmospheric will 
lower the temperature of the dry ice to the normal  - l l 0 ° F  
( -  79 °C). 

The same process takes place when discharging liquid carbon 
dioxide to the atmosphere. A large portion of the liquid flashes to 
vapor with a considerable increase in volume. The  rest is converted 
to finely divided particles of dry ice at - l l 0 ° F  ( -  79°C). It is this 
dry ice or snow that gives the discharge its typical white cloudy ap- 
pearance.  The  low temperature also causes the condensation of 
water from the entrained air so that ordinary water fog tends to per- 
sist for a while after the dry ice has evaporated. 

A-1-5.3.4 While carbon dioxide will not extinguish these fires, it 
will not react dangerously with these materials or increase their burn- 
ing rate. Carbon dioxide, if used in this type of situation in a total 
flooding system, will provide protection for adjacent combustibles or 
can be successfully used if the reactive metals or hydride are first 
covered by another material.  Examples of this later condition would 
be: 

(a) Sodium stored or used under  kerosene. 

(b) Cellulose nitrate in solution of lacquer thinner. 

(c) Magnesium chips covered with heavy oil. 

Local application systems with a t tendant  high velocity directed 
discharge should not be used. 

A-l-6.1 Hazards  to Personnel .  Although carbon dioxide is only 
mildly toxic, it will definitely produce unconsciousness and death 
when present in fire extinguishing concentrations. The action in this 
case is more related to suffocation than it is to any toxic effect of the 
carbon dioxide itself. 

Carbon dioxide is naturally present in the exhaled breath of all 
animal life. By holding the breath as long as possible it has been 
found that concentrations in the order of 6 percent carbon dioxide 
by volume are easily attained. As a mat ter  of fact, it is the increasing 
concentrat ion of carbon dioxide in the body that  activates the 
automatic  impulse to breathe. For this reason carbon dioxide is fre- 
quently administered with oxygen for resuscitation purposes. 
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It has been de te rmined  by test that  a tmospheres  conta in ing  3 or 4 
percent  carbon dioxide will cause one to b rea the  rapidly  bu t  will 
otherwise have no impor t an t  effect for relatively short  exposures. A 
concent ra t ion  of about  9 percent  is about  all most people  can with- 
s tand  without  losing consciousness within a few minutes.  

At carbon  dioxide concentra t ions  above 9 percent  personnel  would 
quickly lose consciousness. At concentra t ions  of about  20 percent  
dea th  would follow in abou t  20 to 30 min.  unless the victim was 
removed to a source of fresh air. Recovery with art if icial  respirat ion 
is usually r ap id  because of the na tu ra l  tendency of carbon  dioxide to 
p romote  brea th ing .  

Aside from the normal  effect of carbon dioxide causing un- 
consciousness, it should be noted that  even before this happens  there 
may be a marked  inabi l i ty  to think clearly and take p r o m p t  action. 
This  effect is impor t an t  because inexper ienced personnel  may  fail to 
take proper  act ion if suddenly exposed to relatively high concentra-  
tions of ca rbon  dioxide.  

In most cases the actual  hazard  to personnel  is ra ther  small .  The  
hazard  will be greater  where the enclosure is large and  where carbon  
dioxide may enter  unsuspected areas such as pits or basements.  The  
difficulty of escaping from a given location,  and  the possibility of 
reduced  visibility because of a discharge of carbon  dioxide may also 
be impor t an t  factors. In any case, the extent  and  type of warning  to 
personnel  should be designed to meet  the pa r t i cu la r  requi rements  of 
each si tuat ion.  

A-1-6.2 Safety R e q u i r e m e n t s .  The  steps and safeguards necessary 
to prevent  injury or dea th  to personnel  in areas whose a tmospheres  
will be made  hazardous by the discharge of carbon  dioxide may in- 
c lude the following: 

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

(b) Provision of the necessary addi t iona l  or emergency l ighting,  or 
both,  and  di rect ional  signs to ensure quick, safe evacuat ion.  

(c) Provision of a larms within such areas tha t  will opera te  im- 
media te ly  upon  act ivat ion of the system on detect ion of  the fire, with 
the discharge of the carbon  dioxide and the act ivat ion of au tomat ic  
door  closures delayed for sufficient t ime to evacuate the area before 
discharge begins. 

(d) Provision of only ou tward  swinging self-closing doors at exits 
from hazardous  areas, and  where such doors are la tched,  provision of 
panic  hardware .  
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(e) Provision of continuous alarms at entrances to such areas until 
atmosphere has been restored to normal.  

(f) Provision for adding an odor to the carbon dioxide so that 
hazardous atmospheres in such areas may be recognized. 

(g) Provision of warning and instruction signs at entrances to and 
inside such areas. 

(h) Provision for prompt  discovery and rescue of persons rendered 
unconscious in such areas. This may be accomplished by having such 
areas searched immediately after carbon dioxide discharge stops by 
trained men equipped with proper  breathing equipment.  Those 
rendered unconscious by carbon dioxide can be restored without per- 
manent  injury, by artificial respiration, if removed quickly from the 
hazardous atmosphere. Self~contained breathing equipment  and 
personnel trained in its use, and in rescue practices including ar- 
tificial respiration, should be readily available. 

(i) Provision of instruction and drills of all personnel within or in 
the vicinity of  such areas, including maintenance or construction 
people who may be brought  into the area, to ensure their correct ac- 
tion when carbon dioxide protective equipment  operates. 

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

(k) Provision of such other steps and safeguards that a careful 
study of each part icular  situation indicates are necessary to prevent 
injury or death. 

A-l-7.1 To ensure a satisfactory system, the following items should 
be included in the specifications. 

(a) The specifications should designate the authority having 
jurisdiction and indicate whether plans are required. 

(b) The specifications should state that the installation shall con- 
form to this standard and meet the approval of the authority having 
jurisdiction. 

(c) The specifications should include the specific tests that  may be 
required to meet the approval of the authority having jurisdiction, 
and indicate how cost of testing is to be borne. 

(d) These specifications should require the provision of  equipment  
listed for the use intended. 

A-1-7.3 Where piping is not normally under  pressure it may not be 
bubbletight.  However, where a slow discharge is involved, or if under  
continual pressure, bubbletightness should be a requirement.  
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A-1-8.2.2 For addi t iona l  in format ion  on detectors  refer to N F P A  
72E, Standard for Automatic Fire Detectors. 

A-1-8.5.2 Alarm(s)  should be connected  to existing protect ive 
s ignal ing (fire a la rm)  system(s) to a id  life safety and proper ty  protec-  
t ion as out l ined in N F P A  71, Standard for the Installation, 
Maintenance and Use of Central Station Signaling Systems; NFPA 
72A, Standard for the Installation, Maintenance and Use of Local 
Protective Signaling Systems for Watchmen, Fire Alarm and Super- 
visory Service; N F P A  72B, Standard for the Installation, 
Maintenance and Use of Auxiliary Protective Signaling Systems for 
Fire Alarm Service; N F P A  72C, Standard for the Installation, 
Maintenance and Use of Remote Station Protective Signaling 
Systems for Fire Alarm and Supervisory Service; NFPA 72D, Stan- 
dard for the Installation, Maintenance and Use of Proprietary Pro- 
tective Signaling Systems for Guard, Fire Alarm and Supervisory Ser- 
vice, and  N F P A  101 ® , Code for Safety to Life from Fire in Buildings 
and Structures. 

A-1-9.2 C a r b o n  D iox ide  Q u a l i t y .  Ca rbon  dioxide,  as normal ly  
manufac tu red ,  is an ext remely  pure  produc t .  In general ,  the in- 
dustry produces  only one grade  or quali ty.  This  g rade  is considered 
sui table  for all appl icat ions,  inc luding  food and medica l  uses. 

Dry ca rbon  dioxide gas or l iquid is complete ly  noncorrosive to the 
containers .  Ca rbon  dioxide conta in ing  excess water  may  cause some 
corrosion in high pressure cylinders,  par t i cu la r ly  in the l ightweight  
cylinders that  are highly stressed. Excess water  is present  when the 
amoun t  exceeds the no rma l  solubil i ty in l iquid carbon  dioxide so 
that  actual  water  may  condense out  on the walls of the conta iner .  

Carbon  dioxide p roduced  in modern  low pressure plants  must  
necessarily have a very low water  content  to avoid opera t ing  dif- 
ficulties. The  norma l  pract ice  is to ma in t a in  the water  content  below 
about  0.01 percent  by weight.  If  this dry p roduc t  is stored and 
t ranspor ted  in clean bulk low pressure equ ipment ,  the qual i ty  will be 
m a i n t a i n e d  unti l  it is used. 

Dry ice normal ly  contains more  water  and  oil than  does l iquid car- 
bon dioxide.  It also tends to freeze mois ture  and other  impuri t ies  
from the a tmosphere ,  because of its very low t empera tu re  of - 110 °F 
( - 79°C). W h e n  dry ice is p laced  in a converter  and  allowed to warm 
up so that  it becomes l iquid carbon  dioxide,  the l iquid so p roduced  
will obviously conta in  an excess amoun t  of water.  This  l iquid should 
not  be used to charge fire ext inguishing cylinders,  unless it is fur ther  
processed th rough  a dehydra t ing  unit  to remove the excess water.  I t  
should also be noted that  such dehydra t ing  units may become inef- 
fective unless the drying agent  is renewed or react iva ted  as necessary 
to ma in t a in  its drying abili ty.  
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There are still a few high pressure carbon dioxide production 
plants in service. The carbon dioxide produced in these plants may 
also contain excess water, unless the dehydrating equipment is kept 
in good condition. The only positive way to be assured of proper 
quality is to periodically analyze the carbon dioxide supply used for 
charging fire protection systems. 

A-1-9.5 High  Pressure Storage Containers.  In high pressure 
storage systems the temperature of the contained carbon dioxide will 
depend on the ambient temperature at the storage location. The 
containers must therefore be capable of withstanding the pressures 
developed at the highest expected temperature. 

The maximum pressure in the cylinder is also affected by the fill- 
ing density or percent filling. This is the ratio exp.ressed in percent of 
the carbon dioxide weight to the water capacity in pounds. The fill- 
ing density commonly used is between 60 and 68 percent, the latter 
being the maximum allowed by the U.S. Department of Transporta- 
tion. ~ Proper filling is determined by weight stamped on the valve 
body. 

Figure A-1-9.5 A typical high pressure storage facility. 

tSec. 173.308 of Title 49, Transportation, Code of Federal Regulations. Parts 
171-190 (DOT). Available from the Superintendent of Documents, U. S. Government 
Printing Office, Washington, DC 20401. 
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A typical high pressure storage facility using a number  of cylinders 
is shown in Figure A-1-9.5. Flexible connectors are used between 
each cylinder and the common  manifold.  This is to facilitate the 
problem of check weighing cylinders and replacing cylinders after 
use. Each cylinder is provided with its own valve with a dip tube 
extending to the bottom. Some older types of  cylinders do not have 
dip tubes and are installed upside down to insure discharge of  liquid 
carbon dioxide. 

A-1-9.6 Low Pressure Storage Containers .  In low pressure 
storage systems the temperature of the contained carbon dioxide is 
controlled at about  0°F ( - 1 8 ° C )  by means of insulation and 
refrigeration. The  normal pressure is thus mainta ined at about  300 
psi (20.7 bars). Welded pressure vessels are used for this service, and 
there is no special limitation so far as size is concerned. 

The  filling density will have no effect on the pressure so long as 
there is sufficient vapor space to allow for expansion of the liquid at 
the max imum storage temperature and pressure. This would be 
determined by the setting or the pressure relief valves. In general, the 
filling density may range from 90 to 95 percent.  The  max imum liq- 
uid level is controlled, when filling, by means of a short dip tube 
which returns excess liquid to the delivery unit  when the liquid 
reaches the max imum filling level in the storage unit. A liquid level 
gage is also provided to indicate the quanti ty of carbon dioxide in 
storage. 

Figure A-1-9.6 A typical low pressure storage facility. 
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A typical low pressure storage facility is shown in Figure A-1-9.6. 
In this unit  the insulated pressure vessel is covered with an outer 
metal housing which is sealed to keep out water moisture. A standard 
air cooled refrigeration unit is mounted  at one end with its cooling 
coils mounted  within the pressure vessel. This unit is electrically 
powered and automatically controlled by means of a pressure switch. 

A-1-9.6.2 A special relief valve (in addition to code requirements) 
may be provided for controlled bleed-off at a pressure below the set- 
ting of the main safety valve. 

A-l-10.1.2  The use of flexible piping or hoses in a carbon dioxide 
system introduces a number  of things to be considered that  do not af- 
fect rigid piping. One of these is the nature of any changes of direc- 
tion. The  min imum radius of curvature for any flexible hose to be 
used in a carbon dioxide system should not be less than indicated by 
the manufacturer 's  data,  usually shown in the listing information for 
a part icular system. Other  areas of concern are resistance to the ef- 
fects of vibration, flexure, tension, torsion, temperature,  flame, 
compression, and bending. It is also necessary for the hose to have 
the strength to contain the carbon dioxide during discharge, and be 
made  of materials that  will be resistant to atmospheric corrosion. 

A-l -10.1 .4  In the case of steel pipe, s tandard weight (Schedule 40) 
may be used in sizes up through ~ - in .  IPS and extra heavy (Schedule 
80) should be used in sizes over ~ - in .  IPS. Standard malleable iron 
banded fittings or ductile iron fittings may be used up through N in. 
IPS. Extra heavy malleable iron or ductile iron fittings should be 
used through 2-in. IPS; and forged steel fittings in all larger sizes. 

A-l-10.1.5  In the case of steel piping, it is recommended that for 
piping under continuous pressure extra heavy pipe be used with 
forged steel fittings. Piping between the master valve and selector 
valves should be extra heavy, using 300-1b malleable iron or ductile 
iron screwed fittings or s tandard weight pipe with welded connec- 
tions using standard weight welded fittings. On open end pipe, 
screwed connections may be used with s tandard weight pipe and 
300-1b malleable iron or ductile iron fittings. 

A- I - I0 .2 .1  A dirt trap consisting of a tee with a capped nipple, at 
least 2 in. (51 mm) long, should be installed at the end of each pipe 
run. 

A-l-10.5 Pipe and Orifice Size Determination. The problem of 
comput ing pipe sizes for carbon dioxide systems is complicated by 
the fact that the pressure drop is nonlinear with respect to the 
pipeline. Carbon dioxide leaves the storage vessel as a liquid at 
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s a t u r a t i o n  p ressu re .  As the  p re s su re  d r o p s  b e c a u s e  of  p i p e l i n e  fr ic-  
t ion ,  t he  l i q u i d  boi l s  so as to p r o d u c e  a m i x t u r e  of  l i q u i d  a n d  vapor .  
B e c a u s e  of  this  t he  v o l u m e  of  the  f l owing  m i x t u r e  inc reases  a n d  the  
veloci ty  o f  f low m u s t  also inc rease .  T h u s ,  t he  p r e s su re  d r o p  p e r  u n i t  
l e n g t h  of  p ipe  is g r e a t e r  n e a r  t he  e n d  of  t he  p i p e l i n e  t h a n  it  is a t  t he  
b e g i n n i n g •  

P ressu re  d r o p  i n f o r m a t i o n  for  d e s i g n i n g  p i p i n g  sys tems c a n  bes t  b e  
o b t a i n e d  f r o m  curves  of  p r e s su re  versus  e q u i v a l e n t  l e n g t h  for  va r ious  
f low ra tes  a n d  p i p e  sizes. S u c h  curves  c a n  b e  p l o t t e d  u s i n g  t he  
t h e o r e t i c a l  e q u a t i o n  g iven  in  1-10 .5 .1 .  T h e  Y a n d  Z f ac to r s  in  the  
e q u a t i o n  d e p e n d  on  s t o r a g e  p re s su re  a n d  l ine  p ressu re .  T h e s e  c a n  b e  
e v a l u a t e d  f r o m  the  fo l lowing  e q u a t i o n s :  

P 

y =  - -  j' 
P~ 

p 

Z =  - -  f dpo 

pl 

pdP 

In Pl p 

Where P~ 
P 
P, 
P 
In 

= Storage pressure in psia 
= Pressure at end of pipeline in psia 
= Density at pressure P~ in lbs/cu ft 
= Density at pressure P in Ibs/cu ft 
= Natural logarithm 

For SI Units  

P 
[ 

Y = - -  ] odP 
d 

Pl 

p 

Z = - -  [ do In P 

J p p 
pl 

Where P~ = Storage pressure in bar 
P = Pressure at end of pipeline in bar 
p~ = Density at pressure P~ in kgs/m s 
p = Density at pressure P in kgs/m s 
In = Natural logarithm 

I n  t h e  a b o v e  e q u a t i o n s  Z is a d i m e n s i o n l e s s  ra t io .  T h e  Y f a c t o r  ha s  
u n i t s  of  p r e s s u r e  t imes  dens i ty  a n d  will  t h e r e f o r e  c h a n g e  t h e  sys tem of  
un i t s .  
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The storage pressure is an impor tant  factor in carbon dioxide 
flow. In low pressure storage the starting pressure in the storage 
vessel will recede to a lower level depending on whether all or only a 
part  of the supply is discharged. Because of this, the average pressure 
dur ing discharge will be about  285 psi (19.7 bars). The  flow equation 
is based on absolute pressure; therefore, 300 psia (20.7 bars) is used 
for calculations involving low pressure systems. 

In high pressure systems the storage pressure depends on the am- 
bient temperature.  Normal  ambient  temperature is assumed to be 
70°F (21°C). For this condition the average pressure in the cylinder 
during discharge of the liquid portion will be about  750 psia (51.7 
bars). This pressure has therefore been selected for calculations in- 
volving high pressure systems. 

Using the above base pressures of 300 psia (20.7 bars) and 750 psia 
(51.7 bars), values have been determined for the Y and Z factors in 
the flow equation. These are listed in Tables A-l-10.5(a) and 
A-l-10.5(b).  

For practical application it is desirable to plot curves for each pipe 
size that may be used. However, it will be noted that the flow equa- 
tion can be rearranged as given below. 

L 3647 Y 
D * ' * '  (Q/D*)= 8.08 Z 

Thus by plotting values of L / D  125 and Q / D  ~, it is possible to use 
one family of curves for any pipe size. Figure A-I-10.5(A) gives flow 
information for 0°F (-18°C) storage temperature on this basis. 
Figure A-I-10.5(B) gives similar information for high pressure 
storage at 70°F (21 °C). For an inside pipe diameter of exactly 1 in., 
D ~ and D ~ ~s reduce to unity and cancel out. For other pipe sizes it is 
necessary to convert the flow rate and equivalent length by dividing 
or multiplying by these factors. Table  A-l-10.5(a) gives values for D. 
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Pressure 

psia Z 

T a b l e  A - l - 1 0 . 5 ( a )  

Values of Y and Z For 300 psia Initial  Storage Pressure 

0 1 2 3 4 5 6 7 8 9 

300 .000 0 0 0 0 0 0 0 0 0 0 

290 .135 596 540 483 426 367 308 248 187 126 63 

280 .264 1119 1070 1020 969 918 866 814 760 706 652 

270 .387 1580 1536 1492 1448 1402 1357 1310 1263 1216 1168 

260 .505 1989 1950 1911 1871 1831 1790 1749 1708 1666 1623 

250 .620 2352 2318 2283 2248 2212 2176 2139 2102 2065 2027 

240 .732 2677 2646 2615 2583 2552 2519 2487 2454 2420 2386 

230 .841 2968 2940 2912 2884 2855 2826 2797 2768 2738 2708 

220 .950 3228 3204 3179 3153 3128 3102 3075 3049 3022 2995 

210 1.057 3462 3440 3418 3395 3372 3349 3325 3301 3277 3253 

200 1.165 3673 3653 3632 3612 3591 3570 3549 3528 3506 3485 

190 1.274 3861 3843 3825 3807 3788 3769 3750 3731 3712 3692 

180 1.384 4030 4014 3998 3981 3965 3948 3931 3914 3896 3879 

170 1.497 4181 4167 4152 4138 4123 4108 4093 4077 4062 4046 

160 1.612 4316 4303 4291 4277 4264 4251 4237 4223 4210 4196 

150 1.731 4436 4425 4413 4402 4390 4378 4366 4354 4351 4329 



Pressure 

psia Z 

750 

740 

730 

720 

71o 

700 

690 

680 

670 

660 

650 

640 

630 

620 

610 

6OO 

59o 

58O 

57o 

56O 

55o 

54O 

53o 

.000 

.038 

.075 

.110 

.143 

.174 

.205 

.235 

.265 

.296 

.327 

.360 

.393 

.427 

.462 

.498 

.535 

.572 

.609 

.646 

.683 

.719 

.756 

Table  A-l-10.5(b) Values of Y and Z 
For 750 psia Initial  Storage Pressure 

0 1 2 3 4 

0 0 0 0 0 

497 448 399 350 300 

975 928 881 833 786 

1436 1391 1345 1299 1254 

1882 1838 1794 1750 1706 

2314 2271 2229 2186 2143 

2733 2691 2650 2608 2567 

3139 3099 3059 3018 2978 

3533 3494 3455 3416 3377 

3916 3878 3840 3802 3764 

4286 4250 4213 4176 4139 

4645 4610 4575 4539 4503 

4993 4959 4924 4890 4855 

5329 5296 5263 5229 5196 

5653 5621 5589 5557 5525 

5967 5936 5905 5874 5843 

6268 6239 6209 6179 6149 

6560 6531 6502 6473 6444 

6840 6812 6785 6757 6729 

7110 7084 7057 7030 7003 

7371 7345 7320 7294 7268 

7622 7597 7572 7548 7523 

7864 7840 7816 7792 7768 

5 6 7 8 

0 0 0 0 

251 201 151 101 

738 690 642 594 

1208 1161 1115 1068 

1661 1616 1572 1527 

2100 2057 2013 1970 

2525 2483 2441 2399 

2937 2897 2856 2815 

3338 3298 3259 3219 

3726 3688 3649 3611 

4102 4065 4028 3991 

4467 4431 4395 4359 

4821 4786 4751 4716 

5162 5129 5095 5061 

5493 5460 5427 5395 

5811 5780 5749 5717 

6119 6089 6058 6028 

6415 6386 6357 6328 

6701 6673 6645 6616 

6976 6949 6922 6895 

7242 7216 7190 7163 

7498 7472 7447 7422 

7744 7720 7696 7671 

9 

51 

545 
1022 

1481 

1926 

2357 

2774 

3179 
3572 

3953 

4323 

4681 

5027 

5362 

5685 

5997 

6298 

6588 

6868 

7137 

7396 

7647 



Pressure  

psia Z 

520 

510 

500 

490 

480 

470 

460 

450 

440 

430 

420 

410 

400 

390 

38O 

370 

360 

35O 

340 

330 

320 

310 

3OO 

.792 

.827 

.893 

.898 

.933 

.967 

1.002 

1.038 

1.073 

1.109 

1.146 

1.184 

1.222 

1.262 

1.302 

1.344 

1.386 

1.429 

1.473 

1.518 

1.564 

1.610 

1.657 

0 

8098 

8323 

8540 

8750 

8953 
9149 

9338 

9520 

9697 

9866 

10 030 

10 188 

10 340 

10 486 

10 627 

10 762 

10 891 

11 015 

11 134 

11 247 

11 356 

11 459 

11 558 

1 

8075 

8301 

8519 

8730 

8933 

9129 

9319 

9502 

9679 

9850 

10 014 

10 173 

10 325 

10 472 

10 613 

10 749 

10 878 

11 003 

11 122 

11 236 

11 345 

11 449 

11 548 

2 

8052 

8278 

8497 

8709 
8913 

9110 

9301 

9484 

9662 

9833 

9998 
10 157 

10 310 

10 458 

10 599 

10 735 

10 866 

10 991 

11 110 

11 225 

11 334 

11 439 

11 539 

3 

8028 

8256 

8476 

8688 

8893 

9091 

9282 

9466 

9644 

9816 

9982 

10 141 

10 295 

10 443 

10 585 

10 722 

10 853 

10 978 

11 099 

11 214 

11 323 

11 428 

11 529 

Y 

4 

8005 

8234 

8454 

8667 

8873 

9071 

9263 

9448 

9627 

9799 

9966 

10 126 

10 280 

10 429 

10 571 

10 708 

10 840 

10 966 

11 087 

11 202 

11 313 

11 418 

11 519 

5 

7982 

8211 

8433 

8646 

8852 

9052 

9244 

9430 

9609 

9782 

9949 

10 110 

10 265 

10 414 

10 557 

10 695 

10 827 

10 954 

11 075 

11 191 

11 302 

11 408 

11 509 

6 

7958 

8189 

8411 

8625 

8832 

9032 

9225 

9412 

9592 

9765 

9933 

10 094 

10 250 

10 399 

10 543 

10 681 

10 814 

10 941 

11 063 

11 180 

11 291 

11 398 

11 499 

7 

7935 

8166 

8389 

8604 

8812 

9012 

9206 

9393 
9574 

9748 

9916 

10 078 

10 234 

10 385 

10 529 

10 668 

10 801 

10 929 

11 051 

11 168 

11 280 

11 387 

11 489 

8 

7911 

8143 

8367 

8583 

8791 

8993 

9187 

9375 

9556 

9731 

9900 

10 062 

10 219 

10 370 

10 515 

10 654 

10 788 

10 916 

11 039 

11 157 

11 269 

11 377 

11 479 

9 

7888 

8120 

8345 

8562 

8771 

8973 

9168 

9356 

9538 
9714 

9883 

10 046 

10 204 

10 355 

10 501 

10 641 

10 775 

I0 904 

iI 027 
II 145 

II 258 

II 366 

II 469 
t.jn 



Pressure  

b a r  Z 

Table A-l-10.5(a) (Metric) Values of Y and Z 
For 20.7 Bar Init ial  Storage Pressure 

0 .1 .2 .3 .4 .5 .6 .7 .8 

20 .134 652 562 470 377 282 185 86 0 0 

19 .319 1468 1393 1317 1239 1160 1079 997 913 828 

18 .493 2152 2088 2024 1959 1893 1825 1756 1686 1615 

17 .659 2727 2674 2619 2564 2508 2451 2393 2334 2274 

16 .819 3215 3169 3123 .3076 3029 2981 2931 2882 2831 

15 .976 3631 3592 3553 3513 3472 3431 3389 3346 3303 

14 1.132 3987 3954 3920 3886 3851 3816 3780 3743 3706 

13 1.290 4292 4264 4235 4205 4176 4145 4115 4083 4052 

12 1.451 4553 4529 4504 4479 4453 4428 4401 4375 4348 

11 1.618 4774 4754 4733 4712 4690 4668 4646 4623 4600 

10 1.792 4960 4943 4926 4908 4890 4871 4853 4834 4814 

.9 

0 

741 

1542 

2214 

2779 

3259 

3669 

4020 

4320 

4577 

4794 



Pressure 
psia Z 

51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

.028 

.085 

.133 

.179 

.223 

.267 

.313 

.361 

.411 

.462 

.515 

.568 

.622 

.676 

.729 

.782 

.834 

.885 

.936 

.987 
1.038 
1.090 
1.143 
1.198 
1.255 
1.313 
1.374 
1.436 
1.501 
1.568 
1.635 
1.705 

Table A-l-10.5(b) (Metric) Values of Y and Z 
For 51.7 Bar  Initial  Storage Pressure 

Y 

0 .1 .2 .3 .4 
563 485 407 329 250 

1321 1247 1172 1097 1022 
2045 1974 1903 1831 1759 
2736 2669 2601 2532 2464 
3397 3332 3267 3202 3136 
4027 3966 3903 3841 3779 
4629 4570 4511 4452 4392 
5203 5147 5090 5034 4977 
5750 5696 5643 5589 5534 
6271 6220 6168 6117 6065 
6766 6717 6669 6620 6571 
7236 7190 7144 7098 7051 
7683 7639 7596 7552 7507 
8107 8066 8024 7982 7940 
8510 8470 8431 8391 8351 
8891 8854 8816 8779 8741 
9253 9218 9182 9146 9111 
9596 9563 9529 9495 9461 
9922 9890 9858 9826 9793 

10 230 10 200 10 170 10 139 10 109 
10 523 10 495 10 466 10 437 10 408 
10 801 10 774 10 747 10 720 10 692 
11 065 11 040 11 014 10 988 10 961 
11 316 11 291 11 267 11 242 11 217 
11 553 11 530 11 506 11 483 11 460 
11 777 11 756 11 734 11 711 11 689 
11 990 11 969 11 948 11 927 11 906 
12 190 12 170 12 151 12 131 12 111 
12 378 12 360 12 341 12 323 12 304 
12 554 12 537 12 520 12 503 12 485 
12 719 12 703 12 687 12 671 12 654 
12 871 12 857 12 842 12 827 12 812 

.5 
170 
946 

1687 
2395 
3070 
3716 
4332 
4920 
5480 
6013 
6521 
7004 
7463 
7898 
8311 
8703 
9074 
9427 
9761 

10 078 
10 379 
10 664 
10 935 
11 192 
11 436 
11 667 
11 885 
12 091 
12 285 
12 468 
12 638 
12 797 

.6 
91 

871 
1615 
2325 
3004 
3652 
4271 
4862 
5425 
5961 
6472 
6957 
7418 
7855 
8271 
8665 
9038 
9392 
9728 

10 047 
10 349 
10 636 
10 909 
11 167 
11 412 
11 644 
11 864 
12 071 
12 267 
12 450 
12 621 
12 781 

.7 
11 

794 
1542 
2256 
2938 
3589 
4211 
4804 
5370 
5909 
6422 
6909 
7373 
7813 
8230 
8626 
9002 
9358 
9696 

10 016 
10 320 
10 6O8 
10 882 
11 142 
11 388 
11 622 
11 842 
12 051 
12 248 
12 432 
12 605 
12 766 

.8 
0 

718 
1469 
2186 
2871 
3525 
4150 
4746 
5315 
5856 
6372 
6862 
7328 
7770 
8189 
8588 
8965 
9323 
9663 
9985 

10 290 
10 58O 
10 855 
11 116 
11 364 
11 599 
11 821 
12 031 
12 229 
12 414 
12 588 
12 750 

.9 
0 

640 
1395 
2115 
2804 
3461 
4089 
4688 
5259 
5803 
6321 
6814 
7282 
7727 
8148 
8549 
8928 
9288 
9629 
9953 

10 260 
10 552 
10 828 
11 091 
11 340 
11 576 
11 799 
12 010 
12 209 
12 396 
12 751 
12 734 
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Table A-l-10.5(c)  Values  of D T M  and D 2 for Various Pipe Sizes. 

I.D. Inches D T M  D 2 

Std. .622 .5521 .3869 
s/~ Std. .824 .785 .679 
1 Std. 1.049 1.0615 1.100 
1 X H  .957 .9465 .9158 
11~ Std. 1.380 1.496 1.904 
I ~/~ X H  1.278 1.359 1.633 
1 ~  Std. 1.610 1.813 2.592 
I l/~ X H  1.500 1.660 2.250 
2 Std. 2.067 2.475 4.272 
2 X H  1.939 2.288 3.760 
2~/~ Std. 2.469 3.09 6.096 
2 ~  X H  2.323 2.865 5.396 
3 Std. 3.068 4.06 9.413 
3 X H  2.900 3.79 8.410 
4 Std. 4.026 5.71 16.21 
4 X H  3.826 5.34 14.64 
5 Std. 5.047 7.54 25.47 
5 X H  4.813 7.14 23.16 
6 Std. 6.065 9.50 36.78 
6 X H  5.761 8.92 33.19 

T h e s e  cu rves  c a n  b e  u sed  for  d e s i g n i n g  sys tems or  for  c h e c k i n g  
poss ib le  f low ra tes .  For  e x a m p l e ,  a s s u m e  t he  p r o b l e m  is to d e t e r m i n e  
t he  t e r m i n a l  p re s su re  for  a low pressu re  sys tem c o n s i s t i n g  of  a s ingle  
2- in.  S c h e d u l e  40 p i p e l i n e  w i t h  a n  e q u i v a l e n t  l e n g t h  of 500 ft  a n d  a 
f low r a t e  of  1 ,000 lb pe r  m i n .  T h e  f low r a t e  a n d  the  e q u i v a l e n t  
l e n g t h  m u s t  b e  c o n v e r t e d  to t e r m s  of  F i g u r e  A - I - 1 0 . 5 ( A )  as follows: 

Q 1000 
-- -- 234 l b s / m i n / D  2 

D 2 4.28 

L 500 
201 f t / D  ~'26 D a .25 2.48 

F r o m  F i g u r e  A - I - 1 0 . 5 ( A )  the  t e r m i n a l  p r e s s u r e  is f o u n d  to be  
a b o u t  228 ps ia  a t  t he  p o i n t  w h e r e  t he  i n t e r p o l a t e d  f low r a t e  of 234 lb 
p e r  r a in  in te r sec t s  the  e q u i v a l e n t  l e n g t h  scale  a t  201 ft.  

I f  th is  l ine  t e r m i n a t e s  in  a s ingle  nozzle,  t he  e q u i v a l e n t  or i f ice  a r ea  
m u s t  b e  m a t c h e d  to t h e  t e r m i n a l  p r e s su re  in  o r d e r  to  c o n t r o l  the  f low 
r a t e  a t  t he  de s i r ed  level  o f  1 ,000 lb p e r  m i n .  R e f e r r i n g  to T a b l e  
1 -10 .4 .4 (b )  of  1-10 .5 .2 ,  it will b e  n o t e d  t h a t  t he  d i s c h a r g e  r a t e  will b e  
1,410 l b / m i n / s q  in.  of  e q u i v a l e n t  or i f ice  a r e a  w h e n  t he  or i f ice  
p re s su re  is 230 psia .  T h e  r e q u i r e d  e q u i v a l e n t  or i f ice  a r ea  of  the  noz- 
zle is t hus  e q u a l  to t he  t o t a l  f low r a t e  d i v i d e d  by  t he  r a t e  p e r  sq in.  

1,000 lbs/min 
Equivalent Orifice Area = 1,410 lbs /min/sq  in = 0.709 sq in 
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From a practical viewpoint the designer would select a standard 
nozzle having an equivalent area nearest to the computed  area. If the 
orifice area happened to be a little larger, the actual flow rate would 
be slightly higher and the terminal pressure would be somewhat 
lower than the estimated 228 pgia (15.7 bars). 

If, in the previous example, instead of terminat ing with one large 
nozzle the pipeline branches into two smaller pipelines, it will be 
necessary to determine the pressure at the end of each branch line. 
To  illustrate this procedure,  assume that the branch lines are equal 
and consist of 1 ½-in. Schedule 40 pipe with equivalent lengths of 
200 ft (61 m) and the flow in each branch line is to be 500 lb per min 
(227/kg/min) .  Converting to terms used in Figure A-I-10.5(A): 

Q 500 
D 2 2.592 

L 200 
D ~'25 1.813 

-- 193 l b s / m i n / D  2 

- l l O f t / D ~ . ~ 6  

From Figure A-I-10.5(A) the starting pressure of 228 psia (15.7 
bars) (terminal pressure of main  line) intersects the flow rate line 
(193 lb /min)  (87.6 kg/min)  at an equivalent length of about  300 ft 
(91.4 m). In other words, if the branch line started at the storage 
vessel, the liquid carbon dioxide would have to flow through 300 ft 
(91.4 m) of pipeline before the pressure drops to 228 psia (15.7 bars). 
This length thus becomes the starting point for the equivalent length 
of the branch line. The  terminal pressure of the branch line is then 
found to be 165 psia (11.4 bars) at the point where the 193 lb /min  
(87.6 kg/min)  flow rate line intersects the total equivalent length line 
of 410 ft (125 m) (300 + 110). With this new terminal pressure [165 
psia (11.4 bars)] and flow rate [500 lbs /min (227 kg/min)]  the re- 
quired equivalent nozzle area at the end of each branch line will be 
approximately 0.567 sq in. (366 mm2). It will be noted that this is 
about  the same as the single large nozzle example except that the 
discharge rate is cut in half  due to the reduced pressure. 

The  design of the piping distribution system is based on the flow 
rate desired at each nozzle. This in turn determines the required flow 
rate in the branch lines and the main pipeline. From practical ex- 
perience it is possible to estimate the approximate  pipe sizes re- 
quired. The  pressure at each nozzle can then be determined from 
suitable flow curves. The  nozzle orifice sizes are then selected on the 
basis of nozzle pressure from the data given in '1-10.5.2. 
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In high pressure systems the ma in  header is supplied by a n u m b e r  
of separate cylinders. The  total flow is thus divided by the n u m b e r  of 
cylinders to obta in  the flow rate from each cylinder. The  flow capaci- 
ty of the cylinder valve and the connector  to the header will vary with 
each manufac tu re r  depending  on design and size. For any par t icular  
valve, dip tube and  connector assembly the equivalent  length can be 
determined in terms of feet of s tandard pipe size. With  this informa- 
t ion the flow equat ion can be used to prepare a curve of flow rate ver- 
sus pressure drop. This provides a convenient  method of de termining  
header pressure for a specific valve and connector combinat ion.  

Tables A-l-10.5(d)  and  A-l-10.5(e) list the equivalent  lengths of 
pipe fittings for de te rmin ing  the equivalent length of piping systems. 
Table  A-l-10.5(d)  is for threaded joints and Table  A-l-10 5(e) is for 
welded joints. Both tables were computed for Schedule 40 pipe sizes; 
however, for all practical purposes the same figures can also be used 
for Schedule 80 pipe sizes. 

Table A-l-10.5(d) Equivalent Length in Feet 
of Threaded Pipe Fittings. 

Elbow90 ° Union 
Pipe Long Rad. Coupling 
Size Elbow Elbow & Tee Tee or 
in. Std. 45 ° Std. 90 ° Thru Flow Side Gate Valve 

0.6 1.3 0.8 2.7 0.3 
0.8 1.7 l.O 3.4 0.4 
1.0 2.2 1.4 4.5 0.5 

1 1.3 2.8 1.8 5.7 0.6 
1~  1.7 3.7 2.3 7.5 0.8 
IX  2.0 4.3 2.7 8.7 0.9 
2 2.6 5.5 3.5 11.2 1.2 
2 ~  3.1 6.6 4.1 13.4 1.4 
3 3.8 8.2 5.1 16.6 1.8 
4 5.0 10.7 6.7 21.8 2.4 
5 6.3 13.4 8.4 27.4 3.0 
6 7.6 16.2 10.1 32.8 3.5 

sI Units: 1 ft = 0.3048 m. 

For nomina l  changes in elevation of piping the change in head 
pressure is negligible. However, if there is a substantial  change in 
elevation, this factor should be taken into account.  The  head pres- 
sure correction per foot of elevation depends on the average line 
pressure where the elevation takes place since the density changes 
with pressure. Correction factors are given in Tables A-l-10.5(f)  and 
A-l-10.5(g) for low pressure and  high pressure systems respectively. 

The  correction is subtracted from the terminal  pressure when the 
flow is upward and  added to the terminal  pressure when the flow is 
downward.  
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T a b l e  A - l - 1 0 . 5 ( e )  E q u i v a l e n t  L e n g t h  i n  Fee t  
o f  W e l d e d  P i p e  F i t t i n g s .  

Elbow 90 ° 
Pipe Long Rad. 
Size Elbow Elbow & Tee Tee Gate 
in. Std. 45 ° Std. 90 ° Thru Flow Side Valve 

0.2 0.7 0.5 1.6 0.3 
0.3 0.8 0.7 2.1 0.4 
0.4 1.1 0.9 2.8 0.5 

1 0.5 1.4 1.1 3.5 0.6 
1 ~  0.7 1.8 1.5 4.6 0.8 
1 ~  0.8 2.1 1.7 5.4 0.9 
2 1.0 2.8 2.2 6.9 1.2 
2 ~  1.2 3.3 2.7 8.2 1.4 
3 1.5 4.1 3.3 10.2 1.8 
4 2.0 5.4 4.4 13.4 2.4 
5 2.5 6.7 5.5 16.8 3.0 
6 3.0 8.1 6.6 20.2 3.5 

SI Units: 1 ft = 0.3048 m. 

T a b l e  A - l - l - 1 0 . 5 ( f )  E l e v a t i o n  C o r r e c t i o n  F a c t o r s  f o r  
L o w  P r e s s u r e  Sys tems.  

Ave rage  L ine  Pressure  E leva t ion  C o r r e c t i o n  
psia  b a r  p s i / f t  b a r / m  

300 20.7 0.443 0.100 
280 19.3 0.343 0.0776 
260 17.9 0.265 0.0599 
240 16.5 0.207 0.0468 
220 15.2 0.167 0.0378 
200 13.8 0.134 0.0303 
180 12.4 0.107 0.0242 
160 11.0 0.085 0.0192 
140 9.7 0.067 0.0152 
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Table A-l-10.5(g) Elevation Correction Factors for 
High Pressure Systems. 

Average Line Pressure Elevation Correction 
psia bar psi/ft bar /m 
750 51.7 0.352 0.0796 
700 48.3 0.300 0.0679 
650 44.8 0.255 0.0577 
600 41.4 0.215 0.0486 
550 37.9 0.177 0.0400 
500 34.5 0.150 0.0339 
450 31.0 0.125 0.0283 
400 27.6 0.105 0.0238 
350 24.1 0.085 0.0192 
300 20.7 0.070 0.0158 

A-I - l l .1  Testing of Systems. Manufacturer's test and main- 
tenance procedure should be guided by the following outline: 

1. The System. 
A. Overall physical appearance. 
B. Check if there have been any changes in the size or type of 

hazard protected. 
C. Disarm system prior to test. 

2. Control Panel. 
A. Exercise ALL functions. 
B. Check supervision if applicable, of each circuit (including 

releasing devices) by disconnecting a wire to each for both 
visible/audible alarms. 

3. Power Supply. 

A. Check routing, circuit breakers, fuses, disconnects. 

4. Emergency Power. 
A. Battery condition. 
B. Charger operation, check fuse. 
C. Check automatic change over. 
D. If generator, is it being properly maintained. 

5. Detectors. 
A. Test each (ALL) using heat or smoke or manufacturer's ap- 

proved test device. (See NFPA 72E, Automatic Fire Detectors.) 
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B. Electric. 
1. Clean and adjust smoke detector and check sensitivity. 
2. Check wiring condition. 

C. Pneumatic. 
1. Check tightness of tubing and operation of mercury checks 

using manometer.  
6. Time Delay. 

A. Exercise. 
B. Check time limit. 

C. Check that timer will complete its cycle even though wiring 
between it and the detector circuit is interrupted. 

7. Alarms 

A. Test for operation (audible and visual). 

8. Selector (Directional) Valves. 

A. Exercise. 
B. Reset properly. 

9. Release Devices. 
A. Dampers, check for complete closure. 
B. Doors; also check for any blocked open. 

10. Equipment Shut-Down. 

A. Test. 
B. Check adequacy (all necessary equipment included). 

11. Manual Releases. 
A. Mechanical. 

1. Check pull, force and length of pull required. 
2. Operate and adjust all devices. 
3. Tightness of connectors. 
4. Condition of conduit. 
5. Condition and operation of corner pulleys. 

B. Electric. 
1. Test. 
2. Covers in place. 

C. Accessibility during fire. 
D. Separate main and reserve manual  pulls requiring only one 

operation to obtain discharge of either main or reserve supply of gas. 

12. Piping. 

A. Security, adequately supported. 

B. Condition, any corrosion. 
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13. Nozzles. 
A. Orientat ion and orifice size unchanged  from original design. 
B. Clean. 
C. Security. 
D. Seals where needed. 

14. Containers. 

A. Physical condition, any sign of corrosion. 
B. Check the contents for weight by acceptable methods for 

each cylinder or low pressure tank. If  the contents are more than 10 
percent below the normal  capacity, refilling is required. 

C. Cylinders securely held in position. 
D. Check hydrostatic test record. 
E. Check cylinder connectors for integrity and condition. 
F. Check weights and cables of mechanical  release system. 
G. Release devices, check for proper a r rangement  and security. 
H. Explosive release devices, check replacement date and check 

condition. 

15. Test. 
A. Partial discharge test, min imum for acceptance.  
B. Full discharge test as required by owner. 
C. Full discharge test recommended when cylinder hydrostatic 

test is required. 

16. Return all parts oi: system to full service. 

17. Certificate of Inspection to owner. 

A - l - l l . 2  Regular service contracts with the manufac ture r  or in- 
stalling company are recommended.  

A-2-1 General Information on Total  Flooding Systems. 
From a performance viewpoint, a total flooding system is designed 

to develop a carbon dioxide concentrat ion that will extinguish fires 
in combustible materials located in an enclosed space. It should also 
maintain  an effective concentrat ion until the max imum temperature 
has been reduced below the reignition point. 

The concentrat ion of  carbon dioxide required will depend on the 
type of combustible material  involved. This has been accurately 
determined for most surface-type fires, particularly those involving 
liquids and gases. Most of this information has been obtained by the 
U. S. Bureau of  Mines. For deep-seated fires the critical concentra- 
tion required for extinguishment is less definite and has in general 
been established by practical test work. 
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The  volume of carbon dioxide requi red  to develop a given concen- 
t ra t ion will be greater  than  the final volume remain ing  in the 
enclosure.  In most cases carbon  dioxide should be app l ied  in a man-  
ner that  promotes  progressive mixing  of the a tmosphere .  The  
d isplaced a tmosphere  is exhausted  freely f rom the enclosure through 
various small  openings or through special vents, as carbon  dioxide is 
injected.  Some carbon  dioxide is therefore lost with the vented at- 
mosphere .  This  loss becomes greater  at high concentrat ions .  This 
me thod  of app l ica t ion  is called "free-efflux" f looding,  

Under  the above condit ions the volume of carbon  dioxide requi red  
to develop a given concent ra t ion  in the a tmosphere  is expressed by 
the following equations:  

100 tz 
100-% CO2 

or 
100 

x = 2.303 log 10 
100-% CO2 

In the above formula  X = Volume of COs added  per  volume of 
space and  e = 2.718 (na tura l  logar i thm base). 

F rom the above formulas  the volume of carbon  dioxide requi red  to 
develop a given concent ra t ion  can be calculated.  This quant i ty  of 
carbon  dioxide can be expressed in terms of cu ft of space pro tec ted  
per  lb of carbon  dioxide or lb of ca rbon  dioxide per  100 cu ft. These 
results have been ca lcula ted  and p lo t ted  for easy reference.  

One such curve is shown on Figure A-2-1(A).  On this curve it was 
assumed that  the carbon  dioxide would expand  to a volume of 9 cu ft 
per  lb (0.56 m3/kg) at a t empera tu re  of 86°F (30°C). Similar  infor- 
ma t ion  is also given on Figure A-2-1(B) in the form of a nomograph .  
In  this case, it was assumed that  the final t empera tu re  would be 
abou t  50°F (10°C) giving a volume of 8.35 c u f t  per  lb (0.52m 3) of 
carbon  dioxide.  The  nomograph  will therefore indicate  somewhat  
grea ter  quanti t ies  of carbon  dioxide for the same concentra t ion .  The  
da ta  in Chapters  1 th rough  5 are based on an expansion of 9 cu ft per  
lb (0.56m3/kg) of carbon dioxide.  

The  t ime requi red  for cooling below the reigni t ion poin t  depends  
on the type of fire and  the insulat ing effect of the combust ib le  
mater ia l .  For surface-type fires it can be assumed that  the fire will be 
ext inguished almost as soon as the desired concent ra t ion  is obta ined .  
The  enclosure should of course re ta in  a reasonable  concent ra t ion  for 
some t ime after  the carbon dioxide has been injected.  This  provides 
an addi t iona l  factor  of safety. 

For deep-seated  fires the concent ra t ion  should be ma in t a ine d  for a 
longer per iod  of t ime because the hot  ma te r i a l  will cool off slowly. 
The  cooling t ime will vary considerably,  depend ing  on the na ture  of 
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the  ma te r i a l .  S ince  the coo l ing  t ime  will t end  to be long,  it is 
necessary to give cons ide rab le  a t t en t ion  to the p r o b l e m  of m a i n t a i n -  
ing  the  ex t i ngu i sh ing  c o n c e n t r a t i o n .  Sur face  fires and  deep- sea ted  
fires are the re fore  basical ly  d i f fe ren t  a n d  shou ld  be  a p p r o a c h e d  with  
s o m e w h a t  d i f f e ren t  object ives  in m i n d .  
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For SI Uni ts  

1 cu f t / Ib  = 0.0624 m3/kg. 

F i g u r e  A-2-1(A) Carbon dioxide requirements  for inert  atmospheres 
(based on a carbon dioxide expansion of 9 cubic feet per pound [0.56m3/kg]). 
The top curve (complete displacement) and the bottom curve (no efflux) are 
theoretical extremes plotted for comparative purposes only. The middle curve 
(free efflux), the curve to be used. must be tempered by proper safety factors. 
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F i g u r e  A-2-1(B) C a r b o n  d iox ide  r e q u i r e m e n t  for i n e r t  a t m o s p h e r e s  (based  
on  a c a r b o n  d iox ide  e x p a n s i o n  of 8.35 cub ic  feet  p e r  p o u n d  [0 .521m3/kg]) .  
Co lumn A shows oxygen content  of a i r -carbon dioxide mixtures ;  co lumn B 
shows weight  of carbon dioxide in a i r -carbon dioxide mixtures ;  co lumn C 
shows cubic  feet per pound  of carbon dioxide in a i r -carbon dioxide mixtures.  
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A-2-2.3 Types  of Fires. Practically all hazards that contain 
materials that would produce surface fires may contain varying 
amounts of materials that would produce deep-seated fires. Proper 
selection of the type of fire that the system should be designed to ex- 
tinguish is important  and, in many cases, will require sound judg- 
ment  after careful consideration of all the various factors involved. 

Basically, such a decision will be based on the following: 

(a) Will a deep-seated fire develop, considering the speed of 
detection and application of the contemplated system? 

(b) If a deep-seated fire does develop, (1) will it be of a minor 
nature, (2) will the circumstances be such that it will not cause a re- 
flash of the material that  produced the surface fire, and (3) can ar- 
rangements be set up to put it out manually after the CO~ discharge 
before it causes trouble? 

(c) Are the values involved, or the importance of equipment  in- 
volved, such that the ultimate protection is justified regardless of the 
extra cost of providing a system that will extinguish deep-seated fires? 

It will be seen that with a remote possibility of the deep-seated fire 
causing trouble there are many cases where taking this remote risk 
may be justified, and a system to extinguish surface fire may properly 
be selected. As an example, electrical transformers and other oil- 
filled electrical equipment  have quite commonly been treated as pro- 
ducing surface fires, a l though there may be a chance that a heated 
core will produce a deep-seated fire in electrical insulation. On the 
other hand, the importance of some of the electrical equipment  to 
product ion may be such that treating the hazard as a deep-seated fire 
will be justified. 

Often a decision will involve consultation of the authority having 
jurisdiction, with the owner and the engineers of the company sup- 
plying the equipment.  The comparative costs between a system that 
is designed to extinguish a surface fire and one designed to extinguish 
a deep-seated fire may be the deciding factor. In all cases, it is ad- 
visable that all interested parties know clearly any risks involved if the 
system is designed to extinguish only a surface fire, and the addi- 
tional costs that are involved if a system is designed to extinguish a 
deep-seated fire. 
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A-2-3 Carbon  D i o x i d e  R e q u i r e m e n t s  for Surface  Fires. The re- 
quirements given in Section 2-3 take into account  the various factors 
that may affect the performance of  the system. The question on 
limitation of unclosable openings is frequently encountered and is 
difficult to answer in precise terms. Since surface fires are normally 
of the type that can be extinguished with local application methods, 
a choice between total flooding or local application can be made on 
the basis of quanti ty of carbon dioxide required. This is illustrated in 
the following examples for the enclosure d iagrammed in Figure 
A-2-3. 

Figure A-2.3 Diagram of Enclosure for Examples 1 and 2 
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E x a m p l e  1 
Volume of Space  

T y p e  of Combust ib le  

Vent i la t ion  Openings  

Air  Ou t l e t  near  ceiling 5 sq ft 

Air  In le t  centered @ 7 ft below ceiling 5 sq ft 

Design Concent ra t ion  (2-3.2.1) 34% CO2 

Volume Fac to r  (2-3.3) 18 cu f t / l b  CO2 

Basic Q u a n t i t y  of CO2 2000 
= 111 lbs 

18 

2,000 cu ft 

Gasoline 

Mate r i a l  Conversion Fac to r  (2-3.4) - -  Since the design concent ra-  
tion is not  over 34% no conversion is needed.  

Special  Condi t ions  (2-3.5) - -  CO2 will be lost through the bo t tom 
opening  while air  enters through the top opening.  F r o m  Fig- 
ure A-2-5.3.3 the loss rate  will be 17 l b s / m i n / f t  2 for a concen- 
t ra t ion of 34% at  7 feet. 

Addi t iona l  CO2 for openings (2-3.5.1) = 17 X 5 = 85 lbs 

Tota l  CO2 required = 111 + 85 = 196 lbs 

E x a m p l e  1 (Met r i c )  
Volume of Space  

T y p e  of Combust ib le  

Vent i la t ion  Openings  
Air  Ou t l e t  near  ceiling 

Air  In le t  centered @ 2.1m below ceiling 

Design Concent ra t ion  (2-3.2.1) 

Volume Fac to r  (2-3.3) 

Basic Q u a n t i t y  of C 0 2  

54m ~ 

Gasoline 

0 . S m  2 

0 . S m  2 

34% CO2 

1.11 m3/kg CO2 

54 
= 48.6kg 

1.11 
Mate r i a l  Conversion Fac to r  (2-3.4) - -  Since the design concent ra-  

tion is not  over  34% no conversion is needed.  

Special  Condi t ions  (2-3.5) - -  CO2 will be lost through the bo t tom 
opening  while air  enters th rough  the top opening.  F r o m  Fig-  
ure A-2-5.3.3 the loss rate  will be 8 5 k g / m i n / m  2 for a concen- 
t ra t ion of 34% at 2.1m. 

Add i t iona l  C O e f o r  openings  (2-3.5.1) = 85 X 0.5 = 42.5kg 

To ta l  48.6 q- 42.5 = CO2 required 91.1kg 


