STATE OF ARKANSAS

FIRE EXTINGUISHER SERVICEMAN AND %wbw%.

INSTALLER ADVISORY BOARD oQ N\E 2/9%)
P.O. Box 760, Jonesboro 72401 % . m\% |

(501) 935-9210

James Barnett

Qctober 8, 1981 %@ﬂﬂé%

Vice Chairman
Eldridge Bradley

Secretary
Felix Swan
Ray Jacks

Ms. Debbie Scheffield A
Arkansas Registar Section Vernon MeTeer
Secretary of State 0ffice Lt. Ray Carnahan
State Capital Bullding

Little Rock, AR 72201
Dear Ms. Scheffield:
It has come to our attention that we should have filed

various National Fire Protection pamphlets, when the Board's
Rules & Regulations were filed, some time ago.

Enclosed you will find the following pamphlets for your dis-
position:

NFPA 11, 1975

NFPA 12, 19773

NFPA 17, 1975

NFPA 96, 1975

NFPA 124, 1973

NFPA 12B, 1973

(R T UG

Sincerely,

Eldridge Bradley,
Secretary

Enclosures
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% testedin mooo_dm:om with the qma:_qoawmz_w of ﬁ:_w m@o:o: before the

tank is returned lo #m:mvo;ﬁ_o: service,
fion:shall apply with equal force to all h

. The _.E:__daaam of this gec-
e used on such tanks,

that stich hose 3m< baso ﬁﬂma either 4@38 or ng. Sﬂm__mﬁ_c: o.._ :o‘..

tank,

(6) lLiquid pumps or nmm oos_uamm Is, i:o_.m,aq :moa must
suitable design, adequately protected against breakage by collis
and kept in good condition. They
power takeoff or other mechanical, electrical, or hydraulic means. Un-
less they are of thé centrifugal type, they shall be equipped with suit-
able pressure actuated by-pass valves vm_.a_z_:u fiow from a_wozmﬁm
o suction or to the tank. |

(7) Each tank used for the ms__uaoa of: carbon n_ox_am or nitrous -

must be installed between the pressyre gauge and the ”m.zr. This
gauge need be used only during the filing operation.
(8)- Chiorine cargo lariks. No m:m hose, or other means of

oxide shall be provided with a suitable w.zmmw_.__.m gauge. A shistoff valve

o any valve of a cargo tank

containing chiorine except al the time of loading or untoading. No

hose, piping, or tubing used for loading or unloading may be mounted

or carried on the motor vehicle. Except 4t the time of loading or. unjoad-
ing. the pipe connection of éach angle vaive must be closed with a

screw plug s_:_o: is chained or Q:m_?smm fastened to prevent mis-

placement. ]

(9) Chlcrine cargo tank m:m_m valves must be ﬁﬂma UQQ.@ _:ﬂm__m.
tion to be leak free at not less than 225 p.s.i.g. using dry air or inert
gas. The angle valves must also be tested as above once every five
loadings or.once & week whichever ocgurs first. At each loading, tanks
must be inspecied and the angle <m_<4m and gasketed joints must be
examined and tested at a pressure of npt less than 50 p.s.ig. to deter-
mine that they are not leaking and are _: proper condition for transpor-

tation. Leaks which are detected acﬂ be corrected. before the cargo

1ank motor vehicle is shipped.

€10) Liquid chlorine pumps shatl not be _:mﬁm__ma on om_do .m_._x mo-
tor vehicles used for the shipment of chlorine.

(g) All materials of construction used in cargo tanks and their ap-
purtenances shall :o_ be subject to destructive attack by the contents
of the tank.

{1) All parts of E:xm and muu::m:m:omw for. m::ﬁqocm ammonia
shall be steel. No copper, silver, zing, nor their altoys - m_..m_. be _umzs_».
ted. Brazed joints shall not be permitted. -

(h) Each outlet of targo tanks used for the transportation of lique-
fied compressed gases, except carbon dioxide, shall be provided with

an approved suilable automatic excess-flow valve or inlieu thereof may.,
be fitted with an, approved automatic quick-closing intemal valve.

Thése valves shiall be located inside the tank or at a point outside the
tank where the line enters or leaves the tank. The valve seat shall be
located inside the tank or shall be located within a welded flange or its
companion flange, or-within a nozzle, or within a coupling. The installa-
tion shall be made in'such a manner as reasonably to assure that any

“undue strain ‘which causes failure requiring functioning of 'the valve

shall-cause’ *m__cqm in such a manner Emﬁ it will not-impair the oUmB:o:
of-the valve,

Exception: Any liquid Jevel gauging device which is constructed so that the outward Hlow of
tank contents does not exceed that passed by a 0.060-inch diameter opening, or any safety
device connection, is not required to be equipped with an excess-flow valve.

(1) Each excess-fiow valve must close automatically at the rated
flow of gas or liquid as specified by the valve manufacturer. The fiow
rating of the piping, fittings, . valves, and hose on: each side of the ex-
cess-flow valve must be greater than that of 1hé:excess-flow vaive. if
branching or any ather restriction is incorporatediin the system so ihat
the flow rating is less than thal of the excess-flow valve at the tank,
additional excess-flow <m.<mm must be ?om:mn E:m_.m .:o flow rates are
raduced. .

{2) An mxommw;_os. <m_<m may be designed Ea._ a bypass, not to
exceed 0.040-inch diameter oum:_q_n% o allow mn:m__Nm__o: of qum.
sures.

{3) Each filing and discharge tine LEQ be provided with m‘qzm_._cm_
shut-off valve focated as close 1o th _
when an internal shut-off valve that ¢closes m&oamﬁ_om__,\ is used, a
manual shut-off valve must be iocated in the line ahead of the hose
connection. The use of a so-called "'stop-check” or excess flow valve
to satisfy the _.mnc_:wamim of this rule and of Umqmnqmoz @i of this
seclion. with - one. valve is u_.o_._i;ma mxomE as provided in

© §178.337-11{c) of z.__m m:Un:m_Bma i

(4} Angle vaives m:n_ excess-flow valves on chiorine tank motor ve-
hicles manufactured on or before Deceimber 31, 1974, must conform _o
the standards of ._.:m o=_o=:m _:ﬂ_Eﬁ Ing., mm follows:

y be driven by motor <m__.__o_m._

tank as Uaoﬁ_omc_m However,

=

. S >_.. m_._n_m <m“<m3=m~ ooao:: 8 an:mq _us.o,_ganmﬁma z_m< m
- 1958; or Us_n/ 104-5, dated September 1, qu

- (i) An excess- \nes. valve conforming 10. either, Dwg. 101-4 dated

- "May 16;1969, or Dwg. 101-6, dated Septembear 1, 1973, must
cm\_:mﬁ__ma under each liquid angle vaive. An excess-flow valve
" gonforming to either Dwg. 106-3;:dated May 16, 1969, or Dwg.
106-5, dated September 1, 1973, acm_ cm installed under 89:

gas angie valve.
(5) Angle vaives and excess-flow <m_<mm on o:_o_,_:m tank motor Ve
hicles manufactured on-or after January 1, 1975, must oo..ao:: o the

- standards of The Chlorine Institute, Inc., as follows:

@) An angte valve must conform o Usﬁ :K m dated mmgoacmq
©1,1972;

' (i) An sxcess-flow valve 8...53_8 with Dsa :: -6, aman Sep-

tember 1,1973, must be instalied under each liquid angle vaive.
An excess-flow valve contorming to Dwg: 106-5, dated Septerm-
ber 1, 1973, must be installed under éach'gas angle valve:

(i) Each tank for chiorine, carbon dioxide, anid riitrus oxide st be
insulated with a suitable sm:_m__o: material of such. ﬁz__ox:mmw that the
overall thermal conductance is not more than 0.08 B.t.u. per square
foot per degree F. differential in »maumi:_‘m per hour. The conduc-
tance must be determined at 60° F. Insulatioh’ Sﬂoim_ used on tanks

for nifrous oxide must be noncombustibie. tnsulation Bm»mzm_ used on-

tanks for chlorine must be corkboard or Self-extinguishing UQ%

thane foam with minimum thickness of 4 inches:

) A refrigerating- and/or heating coif or deils may: be instalied in
tanks for carbon dioxide and nitrous oxide. Such coils must be tested
externally to at least the same pressure as the test pressure of the tank.
The coils must also be lested internally to at least twice the working

pressure of the heating or refrigerating system 1o be used but in nocase -

less 1han the test pressure of the tank. Such coils shall be securety
anchored. The refrigerant or heating madium to be circulated thréugh
the coil or coils must be such as to cause no adverse o:ma_nm_ reaction.
with the tank or tank contents in case of leakage. If desired, the unit
furnishing Ez_mm_.mﬂ_e: may be mountéd on the motor vehicie. -

(k) Each MC 330 cargo tank used for flammable ooauﬂmmmma gas or
m::ﬁ_..o:m ammonia must be equipped with liguid a_wn:mﬁm controls

that conform ic Sm Sn:__.m_:m:”w of § 178.337-11(c) of this subchapter -

at each liquid n_mo:mﬁm opening. The controls required by this para-
graph must be installed not laterthan the aﬂm the tests Emwo:cma by
va@Bﬁ: (€) of this section are zwn_::ma

§ 173.33 OQualification, a...:...:u:no and use o. cylinders.  (2)
mosﬂw_ n:n__-_nn._o_. for use of cylinders. (See §§173.1 ES:@:
173.30 for requirements applying to alf shipments.) :

(1) No person may charge or fill a os_:amﬂ unless itis as mumo_:ma in

this pant and Part 178_of this subchapter. A cylinder that leaks, is -

bulged, has defective vatvés or safety devices, bears evidence. of u_éw
ical abuse, fire or heat amawnm or detrimental rusting or corrosion,
must not'be used uniess it is _u..oum_.,_< _.mom__‘a and’ Sncm__:mn as pre-
scribed in these regulations.

{2) When cylinders with a marked pressure limit are prescribed, oth-
er -gytinders made under the same specification but with. a. higher
marked service pressure limit are authorized. For example, cylinders
marked DOT-4B500 may be used where DOT-4B300 is specified.

(b) Grandfather clause. A cylinder in domestic use previous to
the date upon which the specification therefor was first made effective

in these regulations may be used if the cylinder has been properly’

6&8 and otherwise complies s.:: the requirements’ m_v_u__omc_m for the
gas with which il is charged.

() Oﬁ.:nnq marking. Each required marking on a os_zamw must
be maintained so thal it is legible. Retest markings-and- original mark-
ings which are becoming itegible may be reproduced by stamping on

a metal plate which must bé permanently secured to the cylinder.

(1) Additional markings not affecting any of the prescribed markings
may be _..._mam in accordance with marking Bnc_ﬂmam:,m of the specifi-
cation.

{2) When the space originally uasnma for dates of subsequent re-
tests becomes filied, the stamping of additional 1est dates into the ex-
ternat surface of the footring of a cylinder is authorized,

(3) A cylinder marking may not be changed except as foliows:

8 Marked service pressure may be changed only upon application
1o the Bureau of Explosives and receipt of written instructions as
10 the procedure 10 be followed. Such a change is not autho-
rized for a cylinder which has failed to pass the prescribed peri-
oa_o hydrostatic retest unless it is-reheat treated and requalified
.5 moocam:ow with the _.mn:_qum:ﬁ of this section. ~
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(i) o:m:omm 3m< be made in serial Aumbers and in the identifica-
tion symbols by the owneérs. _nma_q_nm:o: symbols must be reg-
istered and approved by the Bureau of Explosives. Serial num-
bers and identification symbols may be changed only by the
owner upon his receipt of writteri approval from the Bureau’ of
Explosives. The request for approval must identity the existing
markings (including serial ::38@ that 8_49,83 with the
proposed new markings.

{4) When the space aniginally _u_.osawn for dates of subsequent re-
tests becomes filled, the stamping of additional test dates into the ex-
ternal surface of footrings of cylinders i _n mc_soq_wma

(5) [Reserved]

(d) Safety relle! devices. Each 9‘__:%- charged with com-
pressed gas, unless excepted in.this paragraph, must be oa:.vuma

with one or more safety relief devices spproved, as to type, location, |

and quantity, by the Bureau of Explosives and must be capable of
preventing explosion of the normally charged ns_samq wheri it is placed
in a fire. Cylinders shall not be shipped with leaking safety relief de-
vices. Salely relief devices must be 6&% for leaks before the charged
cylinder is shipped from the cytinder 2_50 piant; it is expressly forbid-
den to repair leaking fuse plug devices, where ieak is through the
fusible metal or between the fusible metal and the opening in the piig
body, except by remaval of the device m.._o_ replacement of the Em__u_m
" metal. Exceptions are as follows:

(1) Except as provided in Notes 1, 2, m:a 3, safely relief devices are

not required on o<_,:n_m_.m 12 inches or less in length, exclusive of neck, '

and 4'% inches or less in outside diameter. .

Note 1: Satety relief davices are required on muoo_zow._o:m@ 40, 41, and 33 (§ 178.65 of this
subchapter) cylinders. Metal safety relief valves are reduirsd on specification 39 cylinders used
for liquefied flammable gases. Fusible safety relief §03 are not authorized on specification
39 cylinders containing liquetied compressed gases.

Note 2: Gafety relief dévices are rquired on cylindefs charged with a liguefied gas for which
this part requires a service pressure of 't 800 psi or zn_..o-

Nota 3: Safety relief devices are required on cylinders o:w-n& with nenliquefied gases toa
pressure of 1,800 psi or higher. a1 70° F.

-(2) Except for spegification 39 @__zaﬂm and ns_:ama for acetylene
in solution, safety relief devices are not required on cylinders n_..mama
with non-liquetied gas under pressure ¢f 300 p.s.i. or less at 70° F

{3) Safely relief devices are vqo:&;wn on cylinders charged E_E‘

Pcison A gas or liquid. :

1)) Safety reliel devices are u_.o:._u_ﬁa on os_:ama n:mama s.i:
fluorine.

{5) Safety reliet devices are not Sncmaa on gylinders charged with
methyl merca ~tan; with mono-, di-, or ,q.awﬂzswa_:a anhydrous. with
not over 10 pu..  of nitrosy! chloride; or with ,mwm ,zm: 165 pounds of

- anhydrous ammonia. .

(6) [Reserved] - !

- (7) Safety relief devices, _a used, Bem» be in z_m vapor space of
ns_zama containing pyroforic liquids, n.0.s., covered by §173.134.

(e) Periodic retesting and reinspection of cylinders. Each cylin-
der becomes due for periodic retest in accordance with =_m *o__oi_:u
table and exceptions thereto: {

|

Specificition under

which cyinder was Retast pariod

_ :_.._...s..ats.u.‘.!fu.rc pockes

3000 PSH, . ... b U N

5/3 times sawvice prassure, except 5 of 10 (see
noncormosive sefvice (see! §173.34(e)(11), {e)14),
§173.34(e)(10) ). m:a (X15))

% times service pressure . . ........ :

2 umes service prassure Ammm
§173.34{e)(10). ;

Retest not required ....... :

% times service pressure . .;

Retest not required . . . ..

. % times service pressure

% times wo_.som pressure . .

TOOpSi.~. .

«mﬁ_sgmmiomuaamcsﬁm&o
$173.34(=)10) ). H

2 times service pressure (see
§173.34(e)(10) ). '

2 timas senvice prassure, excapt
NORCOITeSive service (see
§173.34(e)10} ).

4. . C.....} Retest not required

4D, ao> Acm ....... 2 times service pressure . .. ......... 5.

DOT4E ....... ... 2 times service pressure. excep! 5.
NonCOrrosive service (see
§ 173.34(eX(10) ).

Retest nat required .. .......... ...

fetest notrequired ............. ... .

aocu,u_ﬁamxzscamoovm; 8

Note 1: moqn‘____._ama :Qam.xmnza._m service 28@:3 mmwu:.m mo:wx:

mQ 10 (see
. $173.34(e)14) ).

5.
| m (see §173.34(eX13) ).

3

5 or 10 (ses
§173.34(e)14) ).

5 or 10 {see
§173.34¢eX11) ).

5 or 10 (see §173.34(eX9)
and (e}(14} ).

48, 4BA, 4BW,
4B-240ET ........

104
Spachiication uhder : ’ :
_ which cylinder was Minimum retest pressure {p.s.1.) Retest period
made : : (years)
25.. ... ..ol | S00REEL L PO 5. o
26 for illing at over 54 times service pressure . .......... 5.
450 p.sd. .. .
26 for {illing at 450 2 fimes sefvice pressure, except §or 10 (see
p.5.i. and below. . noncorresive service (See §$173.34eX9) ).
. §173.34(eX10) ). ’
< 8OO PSS ... e 5.
... BOOPSA. oo i 5.
Any cylinder with Retest at marked test pressure. .. ... . 5.
raarked test
pressure. .........
Foreign cylinder As marked on the cylinder. but not See §173.301()).
charged for export. . | - less than % of any sarvice or .
o working pressure marking. -

{1) This periodic retest must include a visual internal and external
examination together with a test by interfor hydrostatic pressure in &
water jacket or other apparatus of suitable form for the determination of
the expansion cf the cylinder. The test apparatus must be approved as
to type and oumq&_o: by the Bureau of Explosives. The internal inspec-
tion may be omitted for cylinders of the type and in the service de:
scribed under subparagraphs (9) arid (10) of this paragraph.

(2) Cylinders of DOT 4 series, without regard to date of previous
test, that show bad dents or other evidence of rough usage, or that are
corroded locally to such extent as 1o indicate possible weakness, or
that have iost as much as 5 percent of their official tare weight, must be
retested before being again charged and shipped. After any relest, the
actual tare weight for those cylinders passing the test may be recorded
as their new official tare weight. .

(3) In hydrostatic retesting of a cylinder the pressure must be main-
tained fof al least 30 seconds and as much longer as may be neces-
sary to secure complete expansion of the cylinder. The gauge indicat-
ing the fotal expansion of the cylinder ‘must be such that the total
expansion can be read with an accuracy of 1 percent, except thal a
reading to 0.1 cubic centimeter shall be acceptable. The-gauge indicat-
ing the pressure must be capable of g.:@ read to within 1 percent of
the test pressure. Ay internal pressure applied previcus 1o the test
pressure shall not exceed 90 percent of the tesi pressure. 1If, due to
failure of the test m_u_umBEm the test pressure cannot be maintained,
the test may be repeated at a pressure increased by 10 percent or Bo
psi, whichevar is the lower value,

(4) A cylinder musi be condemned when it leaks, or when internal or
external corrosion, denting, bulging, or evidencé of rough usage exists
to the extent that the cylinder is likely to be weakened appreciably, or
when the permanent expansion exceeds 10 percent of the total expan-
sion, except that for DOT 4E aluminum cylinders, when the permanent
expansion exceeds 12 percent of the fotal expansion. Except for DOT
4E aluminum cylinders, a o<__:n_mq condemned for excessive permanent
expansion may be reheat-treated. ﬁmmm paragraph (g) of this secfion.)
DOT 4 series n<__=am_.w condemned for other than excessive perma-
nent expansion, 3m< be repaired m:a rebuilt as otherwise uqosaoa in
==w section.

(5) Records showing the result of reinspéction and retest must be
kept by the owner or his authorized agent unlil either expiration of the
retest petiod, or until the nﬁ_:amq is again reinspected or a_mmﬁma
whichever occurs first. ,

(6) Each cylinder passing reinspection and retest must be marked
with the date {(month and year), plainly and permanently stamped into.
the metal of the cylinder or on a melal plate which must be permanently
secured 10 the cylinder. For example, “4-70" for April 1970. The dash
between the month and year figures may be replaced by the mark of
the testing or inspecting agency. Stamping must be in accordance. with
marking requirements of the specification. Date of the previous lests
must not be obliterated.

{7} Cyiinders in chlorine or suifur dioxide service made before Aprit
20, 1915, must be retested at 500 psi. .

{8) For cylinders of not over ten pounds water capacity which are
authorized for service pressures not over 300 psi, the hydrostalic test-
ing portion of the retest procedure may consist of application of the
prescribed inernal hydrostatic test pressure without the use of special
apparatus and without the determination of total and um.......m:m:. expan-
sions. In this test the cylinders shall be examined while under pressure
and must show no feak or other harmful defect as enumerated in sub-
paragraph (4} of this paragraph. . .

{9) Cylinders made in comipliance with specifications DOT 4B, DOT
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§173.34

L * - : . .

4BA, DOT 4BW, DOT 4E, and ICC-26-300' (§8178.50, 178.51,
178.61, 178.68 of this subchapier) which are used exclusively for an-
hydrous dimethylamine; anhydrous monomethylamine; anhydrous tri-
methylamine; methyl chloride; liquefied petroleum gas; methylacety-
lene-propadiene stabilized; or dichlorodiflucromethane, diftuorosthane,
difluoromonochloroethane, monochlorodifiuoromethane,  monochlo-
rotetraflucrosthane, monochlorotriflucrethylens, of mixture thereof, or
mixtures of one or more with trichloromonofluoromethane; and which
are comimercially free from corroding components and protected exter-
nally by suitable corrosion Em_ﬂ_:nm coatings (such as galvanizing,
painting, etc.) may be retesied decennially (see Note 2) instead of
quinguennially, or, as an alternative such cylinders may be subjecied to
an internal hydrostatic pressure equal to at least two times the marked
service pressure without aﬂm_‘a_:mzow.ooﬁ expansions (see Note 1), but

this latter type of test must be repeated quinquennially after expiration

of the first 10-year period (see Note [2). Whén subjected to this latter -

test, cylinders must be carefully examined under the test pressure and
.339.3 from service if leaks or othey harmful defects exist.

= made in complianice with— Used exciusively for—

DOT-4, DOT-3A, DOT-3AA, DOT-3A480X, | Ahhydrous ammonia of at least 99.95% purity.
DOT-4A, DOT-4AA480. :

DOT-3A, DOT-3AA, DOT-3A480X, DOY-3B,
DOT-4B, DOT-4BA, ' DOTABW, 1CC-26-
240, ICC-26-300.

DOT-3A, DOT-3A480X. DOT-3AA, DOT-3B, | Cyciopropane which is commencially free from

- DOT-4A, DOT-4AA480, DOT-4B, DOT- 4BA, |  |corroding components.
DOT-4BW.

DOT-3A, DOT-3AA, DOT-3A480X, DOT-4B, | Flporinated  hydrocarbons  and  mixdures
DOT-4BA, DOT4BW, DOT-4E. - :56& which are commercially free irom
_noaon__._n components.

_.i:c_.on_ hydrocarbon gas which is commer-
_n_m__w. free from comoding components.

i

D>

{tadiens, inhiblted, which is commercially
free from corrading components.

coﬂ.w.p. DOT-3AA, DOT-3A480X, DOT-3B,
DOT-4B, DOT-4BA, DOT-4BW, DOT-4E,
1CC-26-240,' 1CC-26-300."

DOT-3A, DOT-3AA, DOT-3A480X, DOT-38,
BOT-4B, DOT-4BA, . DOT-4BW, DOT-4E, \cially free fram corroding compohents.
ICC-26-240," 1CC-26-300." | ’ :

DOT-3A, DOT-3AA, DOT-3B, DOT-4B, 00._.. M
4BA, DOT-4BW, DOT-4E.

ene-propadiens, stabilized,
hich is commercially free from comoding
somponents.

mono, di, trimethylamines which
commercially free from 958_5@ com-
nents. :

1 Use of existing cylinders authorized, but new ,_mgmecngos not authorized.

Nota 1; Cylinders tested by the modified hydrestatic method shall be marked afier each
retest with the date of test as otherwise required but followed by the symbol S; for exampte,
8-575 indicating retest by the modified method inl August, 1957.

Note 2: Until further order ot the Department, decennial retest pericd may be extended to
a 12-yaar period, and the quinguennial retest _um_,_ may be mxﬁ,a@a to a 7-year peried after
expiration of the firsl 124 -yoar period.

DOT-3A, DOT-3AA, DOT-38, DOT-4B, DOT-
4BA, DOT-4BW.

10) Cylinders made in compliance with the wumo___om:o:m listed in

the table above and cmma exciusively in the service indicated may, in
lieu of the periodic hydrostatic retest, be given a complete external
visual inspection at the time such umzoa_o retest becomes due. Exter-
nal visual inspection as described in 0@» Pamphiet C-6 will, in addi-
fion to the following requirements prescribed herein, Smm» the require-
ments for visual inspection.

When this inspection is used in lieulof _.éa_dm»md_o «m_mm»_:u_ subse-
quent inspections are required 5 years after the first such inspection
and periodically at 5-year intervals ?:mam:m_. Inspections shailt be
made only by cormpetent persons and the resuits shall be recorded on
a suitable data sheet, the completed oTu_mm of which shall be kept as a
permanent record. The points to be fecorded and checked on these
data sheets are: Date of inspection 3.03_: and year), DOT specifica-
tion number; cylinders identification (régistered symbol and serial num-
ber, date of manufacture, and cwnership symbol (if needed for ade-
quate iderilification) ); type cylinder 3369_3 coating (painted, etc.,
and statement as 1o need of Eq_:_m:_:n or recoating); no:a;_o:m
checked (leakage, corrosion, gouges, _ dents or digs in shell or heads,
broken or damaged footring or 998#5 ring or fire damage); disposi-
tion.of eylinders (returned to service, lto cyiinder manufacturer for re-
_pairs or scrapped); a cylinder which nmmwmm the inspection prescribed
shall have the date recorded in the Em::mq presently prescribed for the
recording of the retest date, except that an “E" is to follow the date
Q:on:m and year) _:a_nm__:n _dn:m__*_%m‘_o: by =_m external inspeciion
metho

{11) A cylinder made in ooau__mlom with m_umo;_oa_o: DOT-3A,
DOT-3A480X, or DOT-4AA480 used @xo_cm_<m_< for anhydrous ammo-
nia, commercially free from nonon_:n,no.._._co:m:_m and protected ex-
ternally by suitable corrosion resisting coatings (such as um_a_:n elc.)
may be retesied every 10 years instead of every 5 years.

(12) Al cylinders not exceeding 2 inches outside diameter and
_msm.s _mmm z._m_._ 2 feet are exempted from =<a3m§_o retest. -

: uefied petroleum gas which is commar-’

(13) In addition to the requirements of this paragraph (e), cylinders
marked DOT-3MHT must be requalified in accordance with CGA Pam- *
phiet C-8 and must comply with the fotlowing:

& () Cylinder shall be mccﬁﬂma at least once in three years, to a test
by hydrostatic pressure in @ waier jacket, for the determination
of the expansion of the cylinder. A cylinder must be condemned
if the efastic expansion éxceeds the marked rejection elastic
expansion. .

(i) A cylinder must be condemned if there is evidence of any dent-
ing or bulging. ’

B (i) A cylinder must be condemned at the termination of a 24-year
period foltowing the date of the o:u_:m_ test or after 4,380 pres-
surizations, whichever occurs first. If a cylinder is recharged
more than an average of once every other day, an accurate
record of the number of rechargings must be maintained by its
Qs_:m« or his agent.

(iv) Retest dates shall be applied by low stress type steel stamping
to a depth no greater than that of the original marking at the time
of manufacture. Stamping on sidewall not authorized.

@ (v} A cylinder made before January 11, 1978 and not yel marked
with a rejection elastic expansion (REE) must be marked with
that REE in cubic centimeters near the marked original eiastic
éxpansion prior to the next retest date. The REE for a cylinder is
4 .05 »_:._3 its o:o_:m_ elastic expansion.

(14) Cylinders made in compliance with specifications DOT-3A,
DOT-3AA, DOT-38B, DOT-4A, BOT-4BA, and DOT-4BW (§§ 178.36,
178.37, 178.38, 178.49, 178.51, 178.61 of this chapier) having service
pressures up to and including 300 p.s.i. which are used exclusively for
methyl bromide, fiquid; mixtures of methyl bromide and ethylene dibro-
ride, liquid; mixtures of methyl bromide and chlorpicrin, liquid; mix-
tures of methyl bromide and petroleum solvents, liquid; or methy! bro-
mide and nonflammable, nonliquefied compressed gas mixtures,
liquid; ‘which are commercially free from correding components, and
which are protected externally by suitable corrosion resisting coatings
(such as galvanizing, painting, etc.) and internally by a suitable corro-
sion resisting fining (galvanized, eic.) may be tested decennially in-
stead of quinguennially. All tests must be supplemented by a visual

_internal and external examination of the cylinder quinquennially. Exami-

nation must be as required by CGA Pamphlet C-6. All tests must be
supplemented by a very careful examination of the cylinder at each
filing, and thé cylinder must be rejected if evidence is found of bad
dents, corroded areas, a leak, or other conditions that indicate possible
weaknass which would render the cylinder unfit for service.

(15) A cylinder made in compliance with specification DOYT-3A or
3AA, not exceeding 125 pounds water capacity and removed from any
cluster, bank, group, rack, or vehicle each time it is filled, may be
retested every 10 years instead of every 5 years, provided the cylinder
complies with all of the following:

(i} The cylinder is not over 35 years old when it is retested.

(i} The cylinder is used exclusively for: Air, argon, cyclopropane,
ethylene, helium, hydrogen, krypton, neon, nitrogen, nitrous ox-
ide, oxygen, xenon, and permitted mixtures thereof (see
§173.301(a) ) and pérmitled mixtures of these gases with up o
30 percent by volume of carbon dioxide. These commodities
must have a dewpoint at or um_os. minus 52° F. at 1 atmo-
sphere.

(i} Prior to each refill, the cylinder is subjected 10, and passes the
hammer test specified in CGA Pamphlet C-6.

(iv) A cylinder currently in compliance with subdivisions 8 (i), and
(i) of this subparagraph but which has not been confined to the
exclusive use service specified since the last required hydro-
static retest is retested and examined in accordance with the
requirements of § 173.302(c)(2), {3), and (4) before the periodic
retest interval is extended 1o 10 years.

{(v) Each cylinder less than 35 years old is ﬂmBoma with a five
pointed star at least one-fourth of an inch high following the test
date. If at any time a cylinder marked with the star is used other
than as specified in this paragraph, the star following the most
recent test date is obliterated and subsequent tests are made
every 5years. - .

(vi) The cylinder is dried immediately qczos_:n hydrostatic testing to

" remove all traces of free water.
{vii) d._.m. cylinder is not used for underwater breathing.

(16) A cylinder that previously contained a commcedity classified as
a “corrosive fiquid” must not be used for the transporiation of any
compressed gas unfess Em following requirements are ooau__ma with
before the mccmmncma ,:s_m_ filling with the 830333 gas.
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(i The cylinder must be visually inspected, internally and exter-
nally, in' accordance with the CGA Pamphiet C-6. ‘

(ii) Regardless of the previous test or _.m_mﬂ date, the cylinder must

be tested by interior _._<a6m§_o u-wmm:_,m and must meet the

acceptance crileria as specified in subparagraphs (1), @ (3),

and (4) of this paragraph. . = |

(i} fn addition to the record Emma:cma in mzaﬁmanau: (5) of this

paragraph, the record of the 5%&0_6: and test shall include

the date (month and year) of the inspection and test; the cylin-
der identification (including 1CC ot DOT specification number,
registered symbol, serial :E:Um; date of manufacture, and
ownership symbol); the conditions checked- (leakage, corrosion,
gouges, dents, or digs in shell on heads, broken or damaged
footrings, or fire damage) and the disposition. of the o<__=nm_‘
(returned to service, returned to 5@ Bmaﬁmﬂcqoq for rgpairs, or
scraped).

A cylinder requalified for compressed gas service in accordance
with this subparagraph may have its next retest and inspection
scheduled from the date of the _:wuon:o: m:a Eaﬂ _u-omnzcoa
herein,

A cylinder that contained any corrosive liquid, for which decon-
tamination methods cannot remove all significant residue or im-
U_.mo:.mgo: by the former corrosive content must not be used for
the transportation of any compressed gas.

3 Cylinders subjected to the action of fire. A cylinder which
has been subjected to the action of fire must not again be placed in
service until it has been properly reconditioned as follows:

(1) A cylinder made of plain carbon steel with not over 0.25 percent
carbon nor over 0.90 manganese need not be reheat-treated but must
pass the periadic retest _.Bc__,msga as mumo_rma in um_.mo_.muz (e) of
this section.

(2) DOT-8 cylinders made of plain carbon mﬁm_ with not over 0.25
percent carbon nor over 0.90 percent mahganese must be reinspecied

(iv)

o)

- {o determine the condiiion of the cylinder and the porous filling. i the

cylinder is undamaged and the filler is unchanged and irtact, the cylin-
der may be 6838 to service without reheat freatment or test.
{3) Theinner ' eylinders made under mumo_:om_.o_._ DOT-4L (§178.57

of this chapter) may co used after again passing the original hydro-

static test.

(4) DOT-4E atuminum cylinders must be removed from service.

(5) Other cylinders must be reheat-treated and reconditioned as
specified in paragraph (g) of This section.

(g) Reheat treatment. (1) Previcus to the Bzmm_ freatment pro-
cedure hereinafter prescribed, sach cylinder must be subjected to a
careful internat ang external inspection. -

(2) Cylinders must be segregated for reheat treatment in lots of 100
or less cytinders of the same nm:ﬂm_ m_Nm having u-mnﬁ_om__,\ the same
chemical composition.

(3) The reheat treatment operation B:mﬁ be carried out, supervised,

and reporied as prescribed for the heat ireatment in the specification

covering the manufacture of the n<__=am._. in question. Data from the
original reports of manufacture of the cylinders must be availabie.

(4) The reheat treatment must be “osos.ma by hydrostatic retest,
such retest to be carried out, supervised, and reporied as prescribed
for the hydrostatic tests in the w_umo_q_ogg covering the manufacture of
the cylinder in question. The results of M:m aﬁﬂ must BmQ either of the
following conditions:

(i) The permanent expansion shall Ua from zero to 10 percent of
the total expansion in the :ESﬂmﬁ,_o retest and one cylinder
from each lot shall pass the requirements of the flattening and
physical tests prescribed. Failure to pass _sm *_mnm:_:c or phys-

ical tests will reject the lot or; |

(i} The permanent expansion shall not be less than 3 percent nor
more than 10 percent of the ‘otal expansion in the hydrostatic
retest, in which case the flattening and physical tests are not
required. For this alternative method the hydrostatic retest pres-
sure shall not exceed 115 percent of the minimum prescribed
test pressure mxnmu_ with muoo_q_o mvu3<m_ of the Bureau of
Explosives,

(h) Repair by welding or brazing of uuona_nnn_oau DOT-3A, 3AA,
3B, 3C cylinders. Repair of specifications DOT-3A, 3AA, 3B or 3C
(§§178.36, 178.37, 178.38, or 178.40 of this mcso:m_goc cylinders by
welding or EmN_:u aulhorized, but onlyifor the removal and replace-
merit of neckrings and footrings attached to cylinders originally manu-
factured to conform to §§178.36-9(a), 178.37-9(a), 178.38-%a), and
178.40-9(a) of this subchapter. Removal and replacement must be
done by a regular manufacturer of this type of cylinder. Afler removal
and before an_mom_.:ma of such um:m ,oﬁ_:aﬁm :._cm» Uo _:wumﬁmn_

and defective ones rejected. Cylinders, neckrings, footrings, and

method of replacement must conform to § 178.36-9(a), §178.37-9(a).
§178.38-%a), or § 178.40-9(a) of this subchapter whichever applies.
wmv_mnmama must be followed by reheal treating, testing, inspection,

and supervised and reported as prescribed by the specification cover-
ing their original manufacture. inspector's reports must conform with
that required by the specification covering original manufacture with
the word “repaired” substituted for "manufactured.” Show o_‘_om:m_
markings and the new additional markings added, and statement: “Cyi-

inders were carefully inspected for defects after removal of neckrings
and footrings and after réplacement. which replacement was made c<
Process Of .. ... .. ...over i

(Weiding-brazing}

(i} Repair by welding or brazing of DOT-4 series, and DOT-8,
wolded or brazed cylinders. Repairs on DOT-4 series ‘and DOT-8
series weided or brazed cylinders are authorized 0 be made by weld-
ing or brazing. Such repairs must be made by a manufaciurer of these
types of. DOT cylinders or by a repair facility authorized by the Bureau
of Explosives and by a process similar 1o that used in its Bmzimﬂca
and under the following specific requirements:

(1) Cylinders with injurious defects in welded joints in or on pres-
sure parts must om repaired c< oo_q_Em_mE removing the amﬁﬂ prior to
rewelding.

(2) Cylinders with injurious defects in brazed joints in or on pressure
parts must be repaired by rebrazing.

'(8) Cylinders during weiding must be free of materlais in contact
with the welded joint that may impair the serviceability of the metal in or
adjacent to the weld. (Precautions must be taken 10 prevent acetylene
cylinder steels from picking up carbon during repair.)

{4) Neckrings, footrings, or other nonpressure attachments autho-
rized by the specification may be replaced or repaired. Repair or re-
placement of footrings, neckrings, or other nonpressure attachments
authorized by the specification for DOT-4BA and 8AL. (§§178.51 and
178.60 of this subchapter) cylinders may be made without conforming
to the requirements of subparagraph (i}(6) of this section provided the
following requirements are met: )

" (i) Must be done'by a maritifacturer of these types of DOT cylinders
or by a repair facitity authorized by the Bureau of Explosives.

(i} The weider shall have available fo him information as to the
procedure, equipment, and rod used during manufacture and
shall use a similar method for repair.

(iii) Repairs must be by metal arc welding only. Weids shall be 3
inches maximum length and spaced at least 3 inches apan.

{iv) Welds shali not be made on or near a UENQQ joint {to u&.\m:_
the uomm_c___2 of copper penetration). *

(v) After anm_q the welds are to be inspected <acm__< for weld qual-
ity.

(vi) After repair the s._m_n_ area is to be leak tested at the service
pressure of the cylinder.

(5) After removal, and before replacement of m:mozam:_w cylinders

must be _:m_uwnﬁma and- defective ones rejected, repaired or rebuilt.

(6) After repair. cylinders must be reheat-treated, tested, inspected
and reported when and as prescribed by the mumn_:om:o: covering
their original manufacture when weiding or-brazing seams in a pres-
sure part of a cylinder; or when welding or brazing on pressure parts of
cylinders of plain carbon steels with carbon over 0.25 perceni or man-
ganese over 1 .00 percent or of alloy steals mxomE as provided in
§173.34(iX7).

Note 1: Heat-treatment is not required after welding or brazing weldatie low carbon parts to
attachments of similar material which has been previously welded or brazed to the top o
bottorn of cylinders dnd property heat-treated, provided such subsequent welding or brazing
does not pradude a temperature in excess of 400° F. in any part of the top or bottom material.

(7) Repair of cylinders must be followed by a proof pressure leak-
age tesl at prescribed test pressure and visual examination for weld
quality when welding on pressure parts of cylinders of plain carbon
0.25 percent or less and manganese 1.00 percent or less, or when
repairing steel types 1315, NAX and GLX by the foilowing procedure:

(i Leakage through the welding metal may be repaired without
subsequent reheat treatment of the cylinder.

(i) Repair permitied only by either the metal arc or tungsten inert
gas shielded arc process, E7015, 7016, or 7018 electrodes not
larger than % inch diameter shall be used for the metal- arc
process.

(iii) Weld defects must be removed by grinding or chipping before

" repair by the metal arc process. The tungstéen inert gas shielded
arc process may be used for repair only when such repair can
be made by puddling. Repair weld shall not exceed t inch in
length rior be closer than 3 inches 10 the next repair area.
mmum_- of weid a&mﬂw i:_n: have m=< Qmox.:n is not permit-

(v
" ted.
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(i) Repair o_ non-pressure mzmn_.:_o:# Repair of :o: pressure

" attachmsnis by welding or brazing without affecting a pressure.part of

the cylinder rmust be followed by visual examination for weld quality.

A_c Prohiblted repalrs. Walls, heads or bottoms of ¢ylinders with
injurious defects or leaks in base metal shall not be repaired, but may
be replaced as Eos%a forin om_.muﬁme: (1) of this section.

(1) Rebullding of DOT 4 serles and DOT 8, welded or brazed
cylinders. Rebuilding of DOT 4 mm:mw m:a UO._. 8 series, welded or
brazed cylinders is authorized. Such Scc__n__:m_acm_ be done by a
manufacturer of these- Eumm of DOT cylinders or by a repair facility
mSzo:.Nmn_ by the Bureau of mxu_om_,__mm and:by.a o-.o.nﬁu similar.to that.

used in its original :._m:c*mﬂc_.m and under the following specific re-
quirements:

(1) The qmu_momam:* oq a pressure part such as wall, heads, or bot-
toms of cyiinders or the Su_mn.,wama of the porous fi ng Bm.o: ~ shal!

- be considered as rebuilding.

(2) Rebuilt cyiinders shall be considered as new cylinders and shall
conform to all the requirements of the specifications applying, includ-
ing verification of material, examination, inspection, etc.. and the ren-
déring of the proper reports to the purchaser, cylinder Bc:__amq and’
the Bureau of Explosives. Report must show that cylinders were rebuilt.

(3) Information in sufficient detail regarding previous serial numbers
m:a _n_oaa nm:o: m<=_oo_m must cm *__ma with Em Bureau of mxo_om_swm

§ 173.50 An oxo_ou?a. {a) mo.. _sm cc_,uomm o_ Parts 170-189 of
this ‘subchapter an explosive is defined as any osmﬁnm_ compound,
mixture, or device, the primary or common o:_.uomm of which is to func-

“tion by explosion, i.e., with: m:owﬂma_m,? instantaneous release of gas

and heat, unfess such compound, mixiure, of device is oqus__mm m_uw.
cifically classified in Parts 170-189 of E_m wc_uozm_ugm..

§ 173.51 _uoq_u_nno: SG_om_eGm. Auv c:.mmm o_sm?._wm Qosamn_
in this subchapter, the offering of the ﬁo__oi_nm mxn_owzmm 3_‘ #m:mun_?
tafion is forbidden..

(1) Explosive oo:.uom;_o:m that _m_::m mvoam:mo:m_,\ or undergo
_marked decomposition when subjectedt for nm oo:mmo:fm hours 1o a
temperature of 75° C. :mqe F..

(2) Explosives containing an armmonium salt m_..n_ a os_oa:m

(3). Liguid nitroglycerin, diethylene o_<oo_ dinitrate or other liquid ex-
plosives not authorized by §173.538(e) and (h). euo« shipment by carrier
by motor vehicle other Sm: 8330: nm_.:ma wmm '§ 177.822(b) of this
chapter.)

(4) Explosives oozn_m_::mn by Em m:ﬂomc 2 mxv_om_<¢w {excepl
properly packed. samples for 669.202 mxmasmﬁ_o:mv >uvmm_ 3m< Um
made to the vam::_ma frofm such oo:amB:mﬂ_o:m

K9] Leaking or amsmmmn packages of oxc_om_<mm e

(6) Condenined or ,mm_e:o as._m:..__m must not be _,mbmo_aa and of-

. fered for shipment unless the repacking is done- c< a compelent person
in the presence of, or with the written consernit of; an irispector, or with.

the written authority of the chief _=mumo_oq of the mcamc of mxu_om..zmm
(7) Firecrackers, flash crackers, salutes, or's

-vices which proeduce or are intended 1o vqoacom r .mpn__c_m effecl, the
explosive content of which exceeds 12 grains. mmo: in weight, m:a pést .

control bombs, the explosive content of which mx_omwam 18 grains each

in Em_n:_ and any such ame..oom 2_505 _,om_qu to mxu_ow_<m content, .

' SUBPART C

mx‘rOmEmm Um_u_z_._._OZW >ZU ;mq-)_nb._._oz

E:ﬁ: on functioning are ligble to project or disperse metal, u_mwm or
brittle plastic fragments.

- (8) Fireworks that combine an oxu_om_sw and & Qm_o:m»oq or blasting
cap. .

(9) Fireworks containing an mBBo:ES salt m:a a o:_o-m.m

(10} Fireworks containing yeliow or white phosphorus.:

{11)- Fireworks or fireworks compositions that ignite spontaneously
or ::amﬁo marked decomposition when w:c_moﬁn aq 48 consecutive
hours to a temperature of 75° C. (167° F.).

(12) Fireworks, properly condemned by the Bureau of Explosives,
except U«o_um_._< repacked wm:.u_mm for iaboratory mxma_smzo:m )

(13) Toy torpedoes, the maximum outside dimension -of which ex-
ceeds % inch, or toy torpedoes oo:_ms_sm a mixture of noﬁmm_ca chlo-
rate, black antimony and sulfur with an average weight oq explosive
composition in each torpedo exceeding four grains.

(14) Toy torpedoes containing a cap composed of a mixture of red
‘phasphorus and potassium n:_oﬁm exceeding an m<2mnm of o:mz:mz
(0.5) grain per cap.

(15) Fireworks containing copper sulfate and a os_oqm.o ]

' (18) New explosives m:n_ mx_gomzm nmsomw mxomg as Qosama tor

|'in§173.86.

A._ 7) Loaded firearms.

m ,_.Po. 52 >ooou~mc_w oxu_oo_eau. AS For ﬁzo chgmmm of this -
mcoo:moa_. .acceptable’ explosives. are divided 56 three’ o_mué@n as
follows (acceptable military- explosives must be dB:muo:mn on gm_d
vessels in accordance with 46 CFR 1486. 29);.

(1) Class A explosives; nmnonm::@ or o_amqi_mm of 3mx_3c3 :mNma

(2) Class B explosives; flammable _..mNma

Auu O_mmm c mxu_omzmm minimum_ hazard..

n;mw A mxv_.ow_<mm. Um—u_z_dozm

§ 173. mw Definition of o_meo A oxv_oa_.__on. (a) Type 1. mo__a
-explosives which can be caused {o deflagrate by contact with sparks or
flame such as produced by salely fuse or an m_moSo squib, but cannot
be delonated (see Note 1) by mearis of aNo. 8 _mwﬁ U_mmﬂ_zu cap (see
Note 2). Exampie: Black powder and low mxu_omzmm

(b) Type 2. Solid explosives which contain ia liquid explosive in-
grediént, and which, when unconfined (see Note; 3), can be detonated
by means of a 'No. B test blasting cap (see Note 2); or which can be
exploded in at least 50 percent of the trials in the Bureau of Explosives’
Impact Apparatus (see Note 4) under a drop of 4 inches or more, but
cannot be exploded in more than 50 percent of the trials under a drop
of less than 4 inches. Example; High explosives, commercial a<:m3=m
containing a liquid explosive ingredient, :

{c) Type 3. Solid explosives which contain :o liquid explosive in-
gredient and which can be detonated, when undenfined (see Note 3),
by means of a No. 8 lest blasting cap (see Note 2); or which can be
exploded in at lesst 50 percent of the trials in the Bureau of Explosives'

impact Apparatus (see ZQQ 4) under a drop of 4 inches or more,. UE :
cannot be exploded in more than 50 percent of the trials under a drop

of less than 4 inches. Example: High explosives, commercial dynamite
containing no liquid explosive. ingredient, trinitrotoluene, amatol, tetryl,
picric acid, urea nitrate, pentolite, and commercial boosters.”

(d} Type 4. Solid explosives which can be caused to detonate
when uncenfined (see Noie 3), by contact with sparks. or flame such as
produced by safety fuse or an electric squib; or: which can be exploded
in the Bureau of Explosives’ Impact Apparatus (see Note 4), in more
than 50 percent of the frials under a drop of less than 4 inches. Exam-
ple Initiating and priming ‘explosives, lead azide, fulminate of mercury,
etc., and high explosives.

(e) Type 5. Desensitized liquid explosives are explosives which
may be detonated separately or when absorbed in sterile absorbent
cotton, by a No. 8 test biasting cap (see Note 2); but which cannot be
expladed in the mcam: of Explosives' _Bomﬂ >uum_,m_:m (see Note 4),
by a drop of less Em: 10 inchies. The desensitizer must not be’ signifi-

.
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tinguisher Suitability According to Class
of Fire

. “.*1.-1 " Scope:

10-55 The provisions of this standard apply to:the selection, installation,

: : inspection, maintenance and testing of portable extinguishing equip--
10-58 ment. The requirements given herein are MINIMUM.  Porta-
' _ ble extinguishers are intended as a.first line of defense to cope with .
) fires of limited size. They are needed even though the property is
. e . _ equipped with automatic sprinklers, standpipe and hose, or other
Appendix D' Operation and Use. . . . . . . . .. . 1064 fixed protection equipmentp(see 3-1.1, 3-1.4, 3-2.7, 3-2.3). They
do not apply to permanently installed systems for fire- extinguish- -

Appendix C Extinguisher Selection

s Distribution . . . . . . . . . ... . 1085 ment, even though portions of such systems may be portable
Appendix E v ‘ (such, as hose and nozzles attached to 2 fixed supply of extinguishing:
agent).{

Appendix F  Selection of Extinguishers for Home

Hazards . . . 10-94

*1-2 Purpose,

. 7 This standard is prepared for the use and guidance of persons

Appendix G References . . . . . . . . . . . . .. 10-97 charged with selecting, purchasing, installing, approving, listing,
: designing, and maintaining portable fire extinguishing. equipment.

The fire protection requirements of this standard are general in

nature and are not intended to abrogate the specific requirements

of other NFPA standards for specific occupancies.

{Fixed systems are covered by the following NFPA standards: NFPA 11,
Foam Extinguisking Systems; NFPA 11A, High Expansion Foam Systems; NFPA-11B, -
Synthetic Foam and Combined Agent Systems; NFPA 12, Carbon Dioxide Extinguishing |
Systems; NFPA 12A, Halogenatid FExtinguishing Agent Systems. — Halon 1301;
NFPA 12B, Halogenated Fire Extinguishing Agent Systems — Halon 1211; NFPA
13, Installation of Sprinkler Systems; NFPA 14, Installation of Standpipe and Hose
Systems; NFPA 15, Water Spray Fixed Systems; NFPA 16, Foam-Water Sprinkler
Systems and Foam-Water Spray Systems; and NFPA 17, Dry Chemical Extinguishing .
Systems.  (See Appendix G. '
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1-3 Definitions.

1-3.1  The basic types of fires are Classes A, B, C, and 1) as
defined in the following subsections.

1-3.1.1 Class A fires are fires in ordinary combustile ma-
terials, such as-wood, cloth, paper, rubber, and many plastics.

1-3.1.2 Class B fires are fires in. flammable liguids, oils,
greases, tars, oil base paints, lacquers, and flammable gases.

1-3.1.3 Class C fires arc fires which involve energized
electrical equipment where. the electrical nonconductivity of the
extinguishing media is of importance. (When electrical equipment
is de-energized, extinguishers for Class A or B fires may be used
safely.)

as magnesium, titanium, zirconium, sodium, lithium, aod po-
tassium.

1-3.2 * Classification and Ratings of Fire Extinguishers.

1-3.2.1 Portable fire extinguishers are classified for use on
certain classes of fires and rated for relative extinguishing effective-
ness at a temperature of plus 70°F (21.1°C) by nationally recog-
nized testing laboratories. This is based upon the preceding classi-
" fication of fires and the fire-extinguishment potentials as determined
by fire tests.

*1-3.2.2 The classification and rating systemn described in

this standard is that used by Underwriters Laboratories Inc., and-

Underwriters’ Laboratories of Canada and is based on extinguishing
preplanned fires of determined size and description as follows:

CLASS A RATING — Wood and excelsior.

CLASS B RATING — Two-in. (5.1 c¢m) depth n-heptane
fires in square pans.

CLASS C RATING — No fire test. Agent must be a
nonconductor of electricity. :

CLASS D RATING — Special tests on specific combustible
metal fires.

1-3.3 Classification of Hazards,

: 1-3.3.1 Light (Low) Hazard. Where the amount of com-
bustibles or flammable liquids present is such that fires of small
size may be expected. These may include offices, schoolrcoms,
churches, assembly halls, telephone exchanges, etc.

INTRODUCTION 10-7

1-3.3.2 Ordinary (Moderate) Hazards. Where the’

amount of combustibles or flammable liquids present is such that
fires of moderate size may be expected. These may include mer-
cantile storage and display, auto showrooms, parking garages
light manufacturing, warehouses not classified as extra hazard‘,
school shop areas, etc. ’

1-333 Extra (High) Hazards. Where the amount of

combustibles or flammable liquids present is such that fires of-

severe magnitude may be expected. These may include wood-
working, auto repair, aircraft servicing, warehouses  with high-

piled (over 15 ft [4.51 m] in solid piles, over 12 ft [3.66 m] in-piles

that contain horizontal channels) combustibles, and processes such.
as flammable liquid handling, painting, dipping, etc.

1-¢ General Requirements.

1-4.1 The classification of extinguishers shall consist of a
LETTER which indicates the class of fire on' which an extinguisher
has been found to be effective, preceded by a rating NUMERAL
(Class A and B only) which indicates the relative extinguishing
effectiveness. '

Exception:  Extinguishers classified for use on Class C or D hazards shall
not be required to have a numeral preceeding the classification letter.

1-4.2 Portable extinguishers shall be maintained in a fully
charged and operable condition, and kept.in their designated places
at all times when they are not being used.

1-4.3 Extinguishers shall be conspicuously located where

they will be readily accessible and immediately available in the
event of fire. Preferably they shall be located along normal paths-
of travel, including exits from an area.

_ 1-4.4 Extinguishers shall not be obstructed or obscured from
view.

Exception:  In large rooms, and in certain locations where visual obstruction
cannot be completely avoided, means shall be provided to indicate the location.

*1-4.5 Extinguishers shall be instalied on the hangers or in the
bra‘ckets supplied, mounted in cabinets, or set on shelves uniless the
extinguishers are of the wheeled type.

1-4.6 Extinguishers installed under conditions. where they
are subject to dislodgement shall be installed in brackets specifically
designed to cope with this problem. '




I .‘h.“ PR

3

.

10-8 e ) PO[lTA{!PEf FIRE EXTINGUISHERS

1-4.7 Extinguishers installed under conditions where they are
subject to physical damage, shall be protected from impact.

1-4¢.8 Extinguishers having a gross: weight not exceeding 40
Ibs (18.14 kg) shall be installed so that the top of the extinguisher
is not more than five ft (1.53 m) zbove the floor. Extinguishers
having a gross weight greater than 40 lbs (18.14 kg) (except wheeled
types) shall be so installed that the top of the extinguisher -is not
" more than 334 ft (1.07 m) above the floor. In no case shall the
clearance between the bottom of the extinguisher and' the floor
be less than four inch.

1-4,9 Portable extinguishers manufactured after June 1, 1979
shall have only the operating instructions and use-classification(s)
on the outward face of the extinguisher. Other labels and markings
shall not be placed on- the-front of the extinguisher. .

Exception: The manufacturer’s name or brand may appear below the op-
erating instructions and use-classification(s) provided the letter height is

" not greater than that used for the operating instructions or occupies more

than. 25 percent of the outward face of the extinguisher.

1-4.10 'Extinguishers mounted in cabinets or wall recesses or
set on shelves shall be placed in 2 manner such that the extinguisher
operating instructions face outward. = The location of such extin-
guishers shall be marked conspicuously (see 7-4.4).

*1-4.11 Water type (water, foam, AFFF, and soda-acid) ex-
tinguishers shall not be installed in areas where temperatures are
outside the range of 40°F to 120°F (4°C to 49°C). All other types
shall not be installed in areas where temperatures are outside
the range of —40°F to 120°F (—40°C to 49°C).

- Exception 1: When extinguishers are installed in locations subject to tem-
peratures outside these ranges, they should be of a type approved and listed for
the temperature to which they are exposed, or they must be placed in an
enclosure capable of maintaining the stipulated range of temperatures.

Exception 2: Extinguishers containing plain water only can be protected to
temperatures as low as —40°F (—40°C) by the addition of an antifreeze
stipulated on the extinguisher nameplate. Caleium chloride solutions shall
nat be used in stainless steel extinguishers.

Exception 3: Some extinguishers that use nitrogen as an expellant gas rather
" than carbon dioxidé are approved or listed for temperatures as low as
— 65°F (= 54°C). :
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1-4.12 An extinguisher instruction manual shall be. provided
to the owner or his agent giving condensed instructions and cau-
tions necessary to the installation, operation, inspection, and
maintenance. The manual may be specific to the cxt-inguisl';cr in-
volved or it may cover many types. The manual shall refer to
NFPA 10, Portable Fire Extinguishers, as a source of detailed in-
struction (see Apgendix G).
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Chapter 2 Selection of Extinguishers

*9.1 General Requirements,

The selection of extinguishers for a given situation shall be deter-
mined by the character of the fires anticipated, the construction and
occupancy of the individual property, the vehicle or hazard to be

rotected, ambient-temperature conditions, and other factors.
{See Table A-2-1, Appendix A.) The number, size, and placement
of extinguishers required shall be determined by using Chapter 3.

2-2 Selection By Hazard.

9-2;1" Extinguishers shall be selected for the specific class-or-

classes of hazards to be protected in accordance with the following
subdivisions.

#9.2.1.1 Extinguishers for protecting Class' A hazards shail
be selected from the following: water, antifreeze, soda-acid; foam,

aqueous film forming foam (AFFF), loaded stream, muitipurpose
dry chemical, and bromochlorodifiuoromethane (Halon 1211).

#9.2.1.2 Extinguishers for protection of Class B hazards

shall be selected from the following: bromotrifluoromethane:

(Halon 1301), bromochlorodifiuoromethane (Halon 1211), carbon.

" dioxide, dry chemical types, foam, and aqueous film forming foam

(AFFF).

*2-2.1.3 Extinguishers for protection of Class C hazards shall
be selected from the following : bromotrifiuoromethane (Halon 1301),
bromochlorodifluoromethane (Halon 1211); carbon dioxide, and
dry chemical types.}

*9.2,1.4 Extinguishers and extinguishing agents for the pro-
tection of Class 1) hazards shall be of types approved for use on
the specific combustible-metal hazard.

fCarbon dioxide extinguishers equipped with metal horns are not considered

safe for use on fires in energized clectrical equipment and, therefore, are not
classified for use on Class C hazards. -

DISTRIBUTION OF EXTINGUISHERS
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Chapter 3 Distribution of Extinguishers

3-1 General Requirements.

*3-1.1 The minimum number of fire extinguishers needed to
protect a property shall be determined as outlined in Chapter 3.
Frequently, additional extinguishers may be installed to provide
more suitable protection. Extinguishers having ratings less than
specified in Tables 3-2.1 and 3-3.1.1 may be installed provided
they are not used in fulfilling the minimum protective requirements
of this chapter:.

--*3-1.2 - Fire extinguishers shall be-provided for the protection .

of both the building structure, if combustible, and the oecupancy
hazards contained therein. -

3-1.2.1 Required. building protect-ibn shall be provided by
fire exttpgu:shers suitable for Class A fires. ) ’

‘."3-1..2.2 Occupancy hazard protection shall be provided by
fire extinguishers suitable for such Class A, B, C, or I) fire potentials
as may be present.

3-12.3 Extinguishers provided for building protection may
be considered also for the protection of occupancies having a.Class A
fire potential. '

3-1.2.4 Combustible buildings having an occupancy haz-
ard subject to Class B, and/or Class C fires, shall have a standard
complement of Class A fire extinguishers for building protection
plus additional Class B-and/or Class C extinguishers.  Where fire
extinguishers having more than one letter classification (such as
2-A..20-B:C), they may he considered to satisfv the requirements of
cach letter class. —

3-1.3 Rooms or areas shall be classified generally as light
(low) hazard, ordinary (moderate) hazard, or extra (higl};) haza%d.
Limited areas of greater or lesser hazard shall be protected as
required. '

3-14 The type, size, number, and placement for special stor-
age occupancies is covered by NFPA 231, Indoor General Storage
NFPA 2318, Storage of Cellular Rubber and Plastic Materials, NFPA
23.1 C, Rack Storage of Materials, and NFPA 23110, Storage of Rubber
Tirves (see Appendix (3). '
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3.2 Fire Extinguisher Size and Placement for Class A Hazards.

3.9.1 Minimal sizes of fire extinguishers for the listed grades
of hazards shall be provided on the basis of Table 3-2.1 except as
modified by 3-2.3. Extinguishers shall be located so that the
maximum travel distances shall not exceed those specified in
Table 3-2.1, except as madified by 3-2.3.

-Table 3-2. 1
Light Ordinary Extra
(Igw) (Moderate) (High)
Hazard Hazard Hazard

Occupancy Occupancy Occupancy

~ Minimum extinguisher rating 1A 2A 2A

Makimumi foor area per unit - oo oo e
of A 3000 sq.ft. 1500 sq.ft. 1000 sq.ft.

_Mazximum floor area per ex-

tinguisher 11250 sq.ft.* 11250 sq.ft.* 11250 sq.ft.*

Maximum travel. distance to

extinguisher 75 fu 75 ft. 75 fi.

*11250 sq. ft. is considered a practical limit.

NOTE: 1 ft. = 0.305'm
18q. ft. = 0.0929 m?

NOTE: Certain smaller extinguishers which: are charged with multi-
urpose dry chemical or Halon 1211 are rated on Class B and Class C
es, but have insufficient effectiveness to earn the minimum 1-A rating -
even though they have value in extinguishing smaller Class A fires. They
shall not be used to meet the requirements of 3-2.1.

3-2.2 Up to one-half of the complement of extinguishers as

specified in Table 3-2.1 may be replaced by uniformly spaced-

134-in. (3.81-cin) hose stations for use by the occupants of the
building. When hose stations are so provided they shall conform to
NFPA 14, Installation of Standpipe and Hose Systems (see Appendix G).

The location of hose stations and the placement of fire extinguishers

shall be in such a manner that the hose stations do not replace
more than every other extinguisher.

3.9.3 Where the floor area of a building is less than that
specified in Table 3-2.1, at least one extinguisher of the minimum
size recommended shall be provided: : .

3-2.4 The protection requirements may be fulfilled with ex-

tinguishers of higher rating _provided the travel distance to such’

larger extinguishers shall not exceed 75t (22.7 m).

_ DISTRIBUTION OF EXTINGUISHERS 10-13

325 For Class ‘A extinguishers rated under the rating classi-
fication system used prior to 1955, their cquivalency shail be in
accordance with Table 3-2.5.

Table 3-2.5
All Water & Loaded Pre-1955

Stream Types Rating Equivalency

134 to 134 gal A2 1-A

2)4 gal A-l 2-A

4 gal A-l . 3-A

5 gal A-1 4-A

17 gal A 10-A

33 gal A 20-A

“NOTE: 1 nL..= 37857 e e e e e e e .._.__.._.._.... .

3-3 Fire Extinguisher Size and Placement for Class. B Fires:
(D)th?l; than for Fires in Flammable. Liquids of Appreciable
epth. '

3-3.1 Minimal sizes of fire extinguishers. for the listed grad
of hazard shall be provided on the basis of Table 3—3.1.1.graE.:f
tinguishers shall be located so that the maximum travel distances.
shall not exceed those specified in the table used.

Exception: Fxtinguishers of lesser rating, désired for small specific h

Xcef azards
within the general hazard area, may be used, but shall rmzp beﬁmnsz’dered
as fulfilling any part of the requirements of Table 3-3:1.1.

Table 3-3.1.1

Basic Minimum  Maximum Travel

Type of Hazard Exﬁnl;gthué;l{er Elﬁl:::l:?:;lc:r:o (Fe.) . (m)
Light (low) 108 30 58
Ordinary (moderate) ;gg 28 1 g;g
Extra. (high) -ggg 0 1533

NOTE: The specified ratings do not impl i

NO i gs d y that fires of the magnitud
mdicated by these ratings will oceur, but rather to give the operaffrg mm?cs
time and agent to handle difficult spill fires that may oceur.
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3.3.2 Two or more extinguishers of lower rating shall not
be used to fulfill the protection requirements of Table 3-3.1.1.

- Exception 1: Up to three foam extinguishers of at least 233 gal (9.46 1)
capacity may be used to fulfill light (low) hazard requirements.

Exception 2: Up to three AFFF extinguishers of at least 2%4 gal (9.46 1)
capacity may be used to fulfill extra hazard (fugh) requiremenis.

3-3.3 The protection requirements may be fulfilled with ex-
tinguishers of higher ratings provided the travel distance to such
larger extinguishers shall not exceed 50 ft (15.25 my).

3.3.4 For Class B extinguishers rated under the rating classi-

| fication system used prior to 1955, their equivalency shall be in
- accordance with Table 34.5:

‘34~ Fire Extinguisher-Size and--Placement for.Class B Fires . . _

in Flammable Liquids of Appreciable Depth. {

*3.4.1. Portable fire extinguishers shall not be installed as the
sole protection for flammable liquid hazards of appreciable depth
(greater than % in. [0.64 ¢m]) where the surface area exceeds
10 sq ft (0.93 m?)

Exception: Where personnel who are trained in extinguishing fires. in the
protected hazards, or its counterparl, are available on the premises, the
 maximum surface area shall not exceed 20 sq. ft (1.86 m?). :

'3-4.2 For flammable liquid hazards of appreciable depth such
‘as in dip or quench tanks, a Class B fire extinguisher shall be pro-

vided on the basis of at least two pumerical units of Class B extin-.

guishing potential per sq ft.(0.0922 m?) of flammable liquid surface
of the largest tank hazard within the area.

Exception 1: Where approved automatic fire protection devices or systems have
been. installed for a flammable liguid hazard, additional portable Class B fire
extinguishers may be waived. Where so waived, Class B extinguishers shall

be provided as covered in 3-3.1 to prolect areas in the vicinity of such pro-
tected hazards.

Exception 2: Foam or AFFF type extinguishers may be provided on. the basis
of 1B of protection per sq ft of hazard.

3-4.3 Two or more extinguishers of lower ratings shall not be
used in lieu of the extinguisher required for the largest tank.

tFor dip tanks containing flammable or combustible liquids exceeding

150 gal (568 I} liquid capacity or having a liquid surface exceeding four s‘;}
ft (0.38 m?), see NFPA 34, Dip Tarks (sec Appendix G), for requirements
automatic extinguishing facilities. :

Exception: Up to thres foam or AFFF exitnguishers of 2V4 gal (9.46 1)
capacity may be used to fulfill these requirements. o

3-4.4 Travel distances for portable extinguishe hali
exceed 50 -ft (15.25 m}. g ers shall not

3-4.4.1 Scattered or widely separated hazards shall be in-
dividually protected. An extinguisher in the proximity of a hazard
shall be carefully located so-as to be accessible in the presence-of
a fire without undue danger to the operator.

3-4,5 For Class B extinguishers rated under the rating classi-

fication system used prior to June 1, 1969, their equivalency shall a

be in accordance with Table 3-4.5.

Table 3-4.5 Comparative Ratings

Type and Capacity  Pre-1955 1955 10 1969 June 1, 1969 -
Foam - _ . '
214 gal B-1 '4-B ' 2-B
5gal B-1 6-B: 5B
17 gal B ' 10-B 10-B
33 gal B 20-B 20-B
Carbon Dioxide
Under 7 lbs. . B-2 1-B 1-.B
7 1bs. B-2 2-B 2.B
10 to.12 lbs. B-2 4-B 2.B.
15 to0 20 Ibhs. B-1 4B 2.B
25 to 26 lbs. B-1 6-B 5.B
50 lbs. . B-1 10-B 10-B
75 lbs. B-1 12-B i0-B.
100 ibs. B 12.B° 10-B
Dry Chemical
4 10 614 lbs. B-2 4-B R
7Y% 1ba. : B-2 6B %.%
10 to 15 lhs. B-1 8-B 5.B
20 1bs. B-1. 156-B 10-B
30 lbs. B-1 20-B - 20-.B
75 Ibs. and up. B 40-B 40-B
NOTE: 1 gal, = 3.7851 1lb. = 0454 kg

NOTE: Vaporizing liquid extinguishers (carbon tetrachloride or chlore- -
bromomethane base) are not recognized in this standard,

3.5 Class B Fire Extinguishers for Pressurized Flammable
Liquids and Pressurized Gas Fires. ‘

3-5.1 Fires of this nature are considered to be a special hazard.
Class B fire extinguishers containing agents other than dry chemical
are relatively ineffective on this type of hazard due to stream and

DISTRIBUTION OF EXTINGUISHENS 10-15
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l agent characteristics. Selection of extinguishers for this type of
hazard shall be made on the basis of recommendations by manu- -
facturers of this. specialized equipment. The system used to rate -

extinguishiers on Class ‘B fires (lammable liquids in depth) is mot"
- applicable to these types of hazards. It has been determined’ that
special nozzle design and rates of ‘agent application. are required ' -
to-cope with such hazards. Caution: It is undesirable to attempt -

1o extinguish this type of fire unless: there is reasonable assurance -
that the source of fael can be promptly shut off. * i

3-5.2 Travel distances for hand portable extinguishers_uséd' 0

protect pressurized flammable. liquids or pressurized gas hazards
shall not exceed 50 ft (15.25-m). : . s

- 56 Three-dimensional Class B Fires.

361 A three-dimensional Class B fire-involves Class B ima-
terials in motion such as pouring, running, or dripping flammable

I liquids and generally includes vertical -as well as_one or more
horizontal surfaces.. A ;

3-6.2 TFires of this nature are considered to be a special hazard. ‘
Selection of extinguishers for this type.of hazard shall be made on .
_ the basis of recommendations by manufacturers of this specialized .
equipment. The system used to rate extinguishers on Class B fires
(flammable liquids in depth) is not directly applicable to this™
‘type of hazard. The installation ‘of fixed: systems should be con-

sidered when applicable. -

3.6.3 Travel distances for hand portable extinguishers used
to protect three-dimensional, Class B hazards shall. not exceed
50 ft (15.25 m). ' : :

37 Fire Extinguisher Size and Placement for -Class C- Haz-

ards. Extinguishers with Class C ratings shall be required where
energized electrical equipment may be encountered which would
require a nonconducting extinguishing media. This will include
fire either directly involving. '

are sized and located on the basis of the anticipated Class A.or B

 hazard.

NOTE: Electrical equipment should be de-energized as soon as possible
to prevent reignition. i

3.7.1 For extiﬁguishers classified under the system used prior_
to 1955, the pre-1955 classifications of “(3-2,” “C-1,” and “or

shall be equivalent to the current HCP designation.

or surrounding electrical equipment. -
Since the fire itself is a Class' A or Class B hazard the extinguishers”
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Fxception 1: Carbon dioxide _extinguushers unth metallic _horns shall nat
carry any “C” classification.

Exception 2: Vaporizing liquid extinguishers (carbontetrachloride or. chloro-
bromomethane base) are not. recognized in this standard.

" 3-8 ‘Size and Placement for Class D Hazards.

$-8:1 Extinguishers or extinguishing agerits with. Class D-
. ratings shall be provided for fires- involving combustible metals.

L ._3-8.2 E.xtinguishing e'q'uipmcnt.s_hall be located not more
~ 'than 75 ft (22.7 m) from the Class D hazard.

R 3-8.3 Size determination 'shall be on the basis of the specific
combustible metal, its physical particle size, area to be covered and .

recommendations by the extinguisher manufacturer on data from: -

.. -control._tests_conducted. N ' '
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Chapter 4 Inspection, Maintenance, and Recharging

4-1 General.
4-1.1 This chapter is concerned with the rules governing in-

spection, maintenance, and recharging of extinguishers. These
factors are of prime importance in ensuring operation at the time
of a fire.

4-1.2 The owner or occupant of a property in which extin-
guishers are located shall be responsible for such inspection, main-
tenance, and recharging.

4-1.3 Inspection is normally performed by employee per-

sonnel-designated—by.-the-owner..or_occupant..... ... .. S

*41.4 Maintenance and recharging shall be performed by
trained persons having available thie proper types of tools, recharge

" mnaterials, lubricants, and manufacturer’s recommended replace-

ment parts.

4-2 Definitions.

4-2.1 Inspection.
extinguisher is available and will operate. It is intended to give
reasonable assurance that the extinguisher is fully charged and
operable. This is done by secing that it is in its designated place;
that it has not been actuated or tampered with, and that there is
nio obvious or physical damage or condition to preveni operation.

4-2.2 Maintenance. Maintenance is a “thorough check”
of the extinguisher. It is intended to give maximum assurance that
an extinguisher will operate effectively and safely. It includes a
thorough examination and any necessary repair or replacement. It
will normally reveal the need for hydrostatic testing.

4-2.3 Recharging. Recharging is the replacement of the ex- .

tinguishing agent and also includes the expellant for certain types
of extinguishers.
4-3 Inspection.

"*4-3,1 Frequency. Extinguishers shall be inspected monthly,
or at more frequent intervals when circumstances require.

4-3.2 Procedures.
4-3.2.1 The extinguisher shall be in its designated place.

Inspection is a “‘quick check” that an-
p q
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4-3.2.2 Access to, or visibility of, the extinguisher shali not |

be obstructed:

4-3.2.3 The operating instructions on the extinguisher
nameplate shall be legible and face outward.

4-3.2.4 Any seals or tamper indicators that are broken or
missing shall be replaced.

4-3.2.5 For water types without gages, their fullness shall

be determined by ‘“hefting.”

4-3.2.6 Any obviocus physical damage, corrosion, leakage, '

or clogged nozzles shall be noted.

4-3.2.7 Pressure gage readings when not in the operable

range shall be noted.

4-3.3 Corrective Actions. When an inspection reveals that-

tampering has occurred, or: that the: extinguisher is damaged, im-

paired, leaking, under or overcharged, or has obvious corrosion, the

extinguisher shall be subjected to applicable maintenance proce-
dures. -

4-3.4 . Record Keeping.

4-3.4.1 Personnel making inspections shall keep records
for those extinguishers that were found to require corrective actions.

4-3.4.2 At least monthly, the date the inspection was per-
formed and the initials of the person performing the inspection shall
be recorded. :

*4.4 Maintenance.

4-4,1 Frequency. Extinguishers shall be subjected to main-
tenance not more than one yr. apart or when specifically indicated
by an inspection.

Exception 1: It is not necessary during the annual maintenance to internally
examing stored pressure extinguishers equipped with pressure: indicators or

gages except for those types specified in 4-4.1.1. HOWEVER, such ex-- |
tinguishers shall be thoroughly examined externally in accordance with 4-4.2.- |

Exception 2: Factory sealed (“disposable type”™) extinguishers shall be
inspected and maintained only in accordance with the nameplate instructions.

4-4,1.1 Stored pressure types containing a. loaded stream |.

type of agent shall be disassembled on an annual basis and sub-
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~ jected to a complete maintenance. Prior to disassembly the ex-

tinguisher. shall be fully discharged to check the operation of the.

" discharge valve and pressure gage.

4-4.1.2 Every six yrs., stored pressure extinguishers that re-
quire a 12-yr. hydrostatic test shall be emptied and subjected to the
applicable maintenance procedures.

Exception 1. Extinguishers having nonrefillable disposable containers are
exempi, ’

Exception 2: When periodic recharging or hydrotesting is performed, the six-
yr. requirement shall begin from that date,
4-4,1,3 Extinguishers out of service for maintenance or

recharge shall be replaced by spare extinguishers having the same
classification and at least equal rating.

" %449 Procedurés. Mainténance procedures shall include™a ™

thorough examination of the three basic elements of an extinguisher:
- {a) mechanical parts,
(b) extinguishing agent, and
(c) expeliing means.
*4-4.3 Record Keeping. Each extinguisher shall have a tag

or label securely attached that indicates the month and year the
maintenance was performed and shall identify the person perform-

ing the service.t The same record tag or label shall indicate if’

recharging was also performed.

4-4.3.1 For the six-yr. requirement of 4-4.1.1, this informa-
tion shall be included on the maintenance tag or label. This infoz-
mation shall be transferred to each subsequent maintenance tag

" or label.

4-4.3.2 Labels indicating inspection, maintenance, hydro-
static retests, and six-yr. maintenance shall not be placed on the
front of the extinguisher,

45 Recharging,

*4.5.1 General. ' All extinguishers shall be recharged after
use or as indicated by an inspection or when performing mainte-

nance. When performing the recharging, the recommendations of

the manufacturer shall be followed. For recharge chemicals, see
4-5.3.1, :

{Under special circumstances, or when local requirements are in effect,
additional information may be desirable or required on record tags.
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4-5.2 Frequency.

4-52.1 Annual Recharging. Every 12 nonths soda-acid,
foam, pump tank water, and pwup tank calcium chioride base
antifreeze types of extinguishers shall be recharged with new
chemicals or water, as applicable.

4-5.3 Procedures.

*4.5,3.1 Recharge Chemicals. Only those materials speci-
fied on the nameplate, or materials proven to have equal chemical

composition and physical characteristics, shall be used. Tests shall-

be conducted to assure equal performance.

*4.5.3.2 Multipurpose dry chemicals shall not be mixed
with alkaline based dry chemicals.

. .....4=5.3.3 Pails or drums_containing dry powder agents for
scaop or shovel application for use on metal fires shall be kept full

and- covered at all times. The dry powder shall be replaced if

found damp.

4-5.3.4 Precautionary Pressurization- Measures. The
pressure regulator shall be set not to exceed 25 psi (172 kPa)
above the operating (service} pressure of the extinguisher.

4-5.3.5 Conversion of Extinguisher Types. No extin-
guisher shall be converted from one type to another, nor shall any
extinguisher be converted to use a different type of extinguishing
agent.

*4-5.3.6 Removal of Moisture. For all nonwater types of
extinguishers any moisture shall be removed before recharging:

*4.5.3.7 Carbon Dioxide Recharging. The vapor phase
of carbon dioxide shall not be less than 99.5 percent carbon dioxide.
The water content of the liquid phase shall not be more than 0.01
percent by weight (minus 30°F [minus 34.4°C] dew point). Oil
content of the earbon dioxide shall not exceed 10 p.p.m. by weighs.

*4.5.3.8 Leak Test. After recharging, a leak test shall he
performed on stored pressure and self-expelling types.
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Chapter 5 Hydrostatic Testing

5-1 General.

51,1 Hydrostatic testing shall be performed by persons hav-
ing a practical knowledge of pressure testing proce.dures-‘and safe-

guards, and having available sujtable testing equipment and fa-
cilities.

5-1.2 If, at any time, an extinguisher shows evidence of cor-

rosion or mechanical injury, it shall be hydrostatically tested,
subject to the provisions of 5-1.3 and 5-1.4.

Exéeptian: Pump tanks do not require a hydrostatic test.
. ._51.3_Examination of Cylinder Condition. When an ex-

tinguisher cylinder or shell has one or more conditions listed in this™

subdivision, it shall not be hydrostically “ested but shall be de-
stroyed by the owner or at his direction:

(a) When there exisis repairs by soldering, welding, brazing, or

. use of patching compounds.

" NOTE: For welding or brazing oo mild steel shells, consult the manu-
facturer of the extinguisher.

(b) When the eylinder or shell threads are damaged.

{(c) When there exists corrosion that has caused pitting, includ-
ing under removable nameplate band assemblies.

(d) When the extinguisher has been burned in a fire.

{(¢) When a calcium chloride type of extinguishing agent was
used in a stainless steel extinguisher. .

5-1.4 Copper/Brass Soft Solder Shell Construction. Ex-.

tinguishers having shell construction of copper or brass joined by
soft solder (including riveted) shall be removed from service no
later than five yrs. from the last hydrostatic test date.’

5-2 Definitions.

" 5.9.1 Service Pressure. The service pressure is the normal

operating pressure as indicated on the gage and nameplate.

5-2.2 Factory Test Pressure. The factory test pressure is

the pressure at which the shell was tested at time of manufacture.
This pressure is shown on the nameplate,

L The rcliability and safety of this type of construction cannat. be determined

by standard hydrostatic test methods,
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5-2.3 Mild Steel Shell. Except for stainless steel and steel

used for compressed gas cylinders, all other steel shells are defined
as ““mild steel” shells,

5-2.4 Compressed Gas: Cylinders. For purposes of this
standard, compressed gas cylinders and cartridges . are-those con-
taining carbon dioxide, nitrogen, or compressed air.

5-2.5 DOT. DOT is the U. S. Department of Transporta-
tion, which has jurisdiction over compressed gas cylinders and cart-
ridges as of 1967.

5-2.6 ICC. ICC is the Interstate Commerce Commission,

which: formerly had jurisdiction over compressed gas cylinders and’

cartridges prior to 1967.

5-27 CTC. CTC is the Canadian Transport Commission,.
_ which has jurisdiction over compressed gas cylinders and cartridges.

5.8 BTC. BTC is the Board of Transport Commissioners '

of Canada, which formerly had jurisdiction over. compressed gas
cylinders and cartridges. ‘ '

5-3 Frequency. At intervals not exceeding those specified in
Table 53, extinguishers shall be hydrostatically tested.

Table 5-3 -
Hydrostatic Test Interval for Extinguishers:

Extinguisher Type Test Interval (Years)

Soda Acid. ... .. ... R 5
Cartridge operated Water and/or Antifreeze. .. . ... .. .. 5
Stored Pressure Water and for Antifreeze. .. ...........-... 5
Wetting AZEOE. . .. ... oocnnonnsomren s 5
Foatit, .......oonumuee F T 5
AFFF (AquoousFilmFormingFoam). USRI 2
Loaded SeaIm.. . cv v ox vsvanrcssesannss e santonnans
DryChemicalwithStainlmSteclShells.................... 5
Carbon Dioxide .. .. ..o crvvrrmemrnr i 5
Dry Chemical, Stored Pressure, with Mild Steel Shells,

Brazed Brass Shells, or Alumioum Shells. .............. 12
Diy Chemical, Cartridge or Cylinder Operated, with Mild Steel
Bromotrifluoromethane — Halon 1301........ccovvvenns 12
Bromochlorodifiuoromethane — Halon 1211........ocvnoe 12
Dry Powder, Cartridge or Cylinder Operated, with Mild Steel
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NOTE 1: All types of extinguishers with copper or brass shells joined
by soft solder are prohibited from hydrostatic testing, (See 5-1.4.)

NOTE 2: Stored pressure water extinguishers with fiber glass shells (pre-
1976) are prohibited from hydrostatic testing due to manufacturer’s recall.

Exception 1: Nonreﬁh’aﬁle factory-sealed disposable containers do not require
hydrostatic testing.

Exception 2: Extinguishers utilizing a cylinder that has DOT or CTC
| quirements of DOT or CTC.

retest may be conducted within 12 months of the specified test intervals.

5-3.1 Compressed Gas Cylinders and Cartridges. Nitrogen

~ cylinders or cartridges used for inert gas storage used as an expellant.

for wheeled extinguishers shall be hydrostatically tested every
five yrs.

Exception: Cylinders (except those charged with carbon dioxide) complying
with Part 173.34 (¢) 15, Title 49, Code of Federal Regulations, may be
hydrostatically tested every 10 yrs. (see Appendix G).

5-3.2 Hose Assemblies. A hydrostatic test shall be per-
formed on extinguisher hose assemblies which are equipped with a

shutoff nozzle at the end of the hose. The test interval shali be the

same as specified for the extingisher on which the hose is installed.

5-4 Test Pfesaures.
5-4,1 Compressed Gas Cylinders.

5-4.1.1 Carbon dioxide extinguishers shall be tested at 5/3

the service pressure as stamped into the cylinder.

Exception: Carbon dioxide extinguishers having cylinder specification ICC3

shall be tested at 3,000 psi (20,685 kFPa).

5-4.1.2 Nitrogen cylinders and carbon dioxide cylinders

used with wheeled extinguishers shall be tested at 5/3 the service

pressure as stamped into the cylinder.

5-4.2 Stored Pressure Types. All stored pressure and
bromochlorodiflueromethane (Halon 1211) types of extinguishers
shail be hydrostatically tested at the factory test pressure not to
exceed two times the service pressure.

markings shall be hydrostatically tested, or replaced, according to the re-.

Exception 3: For extinguishers not covered in Exceptions T and 2 the first
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5-4.3 Self-generating and Cartridge Operated Types.

5-4.3.1 Seclf-generating types (soda acid and foain) of stain-
less steel construction and cartridizc operated water. type extin-
guishers of stainless steel construction shall be hydrostatically
tested at 350 psi (2,413 kPa). (For those of copperfbrass soft solder
shell construction, see 5-1.4.)

5-4.3.2 Cartridge or cylinder operated dry chemical and.
dry powder types of extinguishers shall be hydrostatically tested at
their original factory test pressure as shown on the nameplate or
shell.

5-4.4 Test Pressures for Hose Assemblies.

5-4.4.1 Carbon dioxide hose asscmbl;és.requiring a hydro-
static pressure test shall be tested at 1,250 psi (8,619 kPa).

oo 5=4.4.2 _Dry_chemical and dry powder hose assemblies re-
quiring a hydrostatic pressure test shall be tested at 300 psi (2,068

kPa) or at service pressure, whichever is the highest. .

5.5 Test Equipment and Procedures.
5-5.1 General.

5-5.1.1 Air or gas pressure shali not be used for pressure
testing. The failure of an extinguisher shell may be violent and
dangerous.

5-5.1.2 When extinguisher shells, cylinders, or cartridges
fail a hydrostatic pressure test, they shall be destroyed by owner or
at his direction.

5-5.2 Test Equipment for Compressed Gas Types.

5-5.2.1 The equipment for testing cylinders and cartridges
shall be of the water jacket type that meets the specifications of the
pamphlet Methods for Hydrostatic Testing of Compressed Gas. Cylinders
{Pamphlet C-1), published by the Compressed (as Association.
(See Appendix G.)

5-5.2.2. Hose assemblies of carbon dioxide extinguishers -
that require a hydrostatic test shall be tested within a protective cage

device.

*5.5.3 Test Equipment for Noncompressed Gas Types.

5-5.3,1 The equipment for testing noncompressed gas types
consists of the following:

{(a) A hydrostatic test pump, hand or power operated, to be
capable of producing not Tess than 150 percent of the test pressure.
1t is to include appropriate check valves and fittings.
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(b) A flexible connection for attachment to the test puinp.

It shall be provided with necessary fittings to test through the extin-

guisher nozzle, test bonnet, or hose outlet, as is applicable.

(c) A protective cage or barrier for personnel protection,
designed to provide visual observation of the extinguisher under
test.

*5-5.3.2 Drying equipment is required to dry all nonwater
‘types of extinguishers that have passed the hydrostatic test.

5-6 Testing Procedures.
5-6.1 Compressed Gas Types.

5-6.1.1 In addition to the visual examinations required
‘prior to test as stated in 5-1.3, an internal examination shall
be_made_prior to_the hydrostatic_test. The procedures for this

HYDROSTATIC TESTING 16-27

equally durable material, The label shall be aflixed by a heatless
process to the shell. ‘These labels shall be self-destructive when
removal from an extinguisher shell is attempted. " The label shall
include the following information:

{(a) Month and year the test was performed, indicated by a‘
perforation, such as by a hand punch. ‘

(1) Test pressure used. _
{c) Name or initials of person performing the test, or name
of agency performing the test.

-5-6.4.3 Hose assemblies passing a hydrostatic test do not
require recording.

of the Standard for Visual Inspection of Compressed Gas Cylinders (CGA
C—6), published by the Compressed Gas Association. (See Ap-
pendix )

5-6.1.2 The hydrostatic testing of compressed gas cylinders
and cartridges shall be in accordance with the procedures specified
in pamphlet Methods for Hydrostatic Testing of Compressed Gas Cylinders
(Pamphlet C-1), published by the Compressed Gas Asspciation.
(See Appendix G.) -

*5-6.2 Testing Procedures for Noncompressed Gas Types.
The testing procedures for noncompressed gas cylinders and shells
and hose assemblies are detailed in Appendix A of this standard.

*5-6.3 Testing Procedures for Hose Assemblies. The test-
ing procedures for hose assemblies requiring a hydrostatic test are
detailed in Appendix A.

5-6.4 Recording of Tests.

5-6.4.1 Compressed Gas Types. For compressed gas
cylinders and cartridges passing a hydrostatic test, the month and
year shall be stamped into the cylinder in accordance with the
requirements set forth by DOT or the Canadian Transport Com-
mission.

NOTE: It is impoertant that the recording (stamping) be placed only on. the
shoulder, top head, neck, or footring (when so provide: ) of the cylinder.

*5.6.4.2 Noncompressed Gas Types. Extinguisher shells
of the noncompressed gas types that pass a hydrostatic test shall
have the test information recorded on a suitable metallic label or
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Origin and Development of No. ”

NFPA committee activity in this field dates from 1921 whén the :
Rigks and Special Hazards prepared.

Committee on Manufacturin el
standards on foam as-a section of the general Standard on Protec-

tion. of Fire Hazards Incident to the Use of Volatiles.in Manufactur- '

ing Processes. Subsequently the standsrds were successively under the
jurisdiction of the Commitiee on_ Manufacturing Hazards and the
Committee on Special _Extinguishing Systems, prier to the present

committee organization. The present text supersedes the edition of

1974 and prior editions adopted in 1922, 1926, 1931, 1936, 1942, 1950,
1954, 1959, 1960, 1963, 1969, _1970, 1972, and 1973. . L

.Inferpretdtloli_ Procedure of the Commiﬂ_ge_ on Foam

Those desiring an.interpretation shall sup ly the Chairman with five
identieal copies of a statement_in which shall appear: specific reference
to a single problem, paragraph, or section. Su
on the business stationery of the inquirer and shall be duly signed.

When applications involve actual field situé.tions they shall so state
and all parties involved shall be named. S

The Interpretations Committee will reserve the prerogative to
refuse consideration of any application that refers specifically to pro-
prietary items of equipment or devices, Generally inguiries should -be
confined to interpretation of the literal text or the intent thereof. = -

Requests for interpretations should be addressed to the National
Fire Protection Agsociation, 470 Atlantic Avenue, Boston, MA: 02210.

a-statement shall be
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Foam Extinguishing Systems
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FOREWORD

Foam for fire protection purposes.izs an aggregate of
air-filled bubbles formed from aqueous solutions and is
lower in density than the lightest flammable liguids. It is
principally used to form a coherent floating blanket on flam-

mable and combustible liquids lighter than water and pre-

vents or extinguishes fire by excluding air and cooling the
fuel. It also prevents reignition by suppressing formation
of flammable vapors. It has the property of adhering to

- surfaces, -providing-a. degree-of--expesure--protection from

adjacent fires.

Foam may be used as a fire prevention, control or ex-
tinguishment agent for flammable liquid tanks or process-
ing areas. Foam solution for these hazards may be supplied -
by fixed piped systems or portable foam generating systems.
Foam may be applied by foam discharge outlets, which
allow it to fall gently on the surface of the burning fuel,
or it may be introduced by other means. Foam may also be
applied to these hazards by portable hose streams using
foan; nozzles, portable towers or large capacity monitor-
nozzles, :

Foam may be supplied by overhead piped systems. for-
protection of hazardous occupancies involving potential
flammable liquid spills in the proximity of high value equip-
ment, or in large areas. The application of foam for this.
type of hazard is in the form of a spray or dense “snow-
storm.” The foam particles coalesce on the surface of the

burning fuel after falling from the overhead foam outlets

spaced to cover the entire area at a uniform density, For
systems required to meet both foam and water design. cri-

- teria, refer to NFPA No. 16, Foum Water Sprinkler Systems.

Large spill fires. of ﬂammablé liquids can be fought

- with mobile equipment, such as an airport erash truck or

industrial foam truck equipped with agent and equipment

capable of generating large volumes of foam at high rates.
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"“Foam for this .f.ype of hazard may be delivered as a solid '
stream or a dispersed pattern. Standards for airport crash

trucks may be found in detail in NFPA No. 414.

While other extinguishing agents are also recognized
for use on-flammable liguid fires, it should be noted that for
flammable liquid fires in large storage tanks, only foam has
been found to be practical.

Foam does not break down readily, and when applied -

at an adequate rate, has the ability fo extinguish fire pro-
gressively. As the application continues, foam flows easily
across the burning surface in the form of a tight blanket,
" preventing re-ignition on the surfaces already extinguished.

Foam may also be used for heat radiation protection.
Foam reduces heat transmission to solid surfaces on which
it has been applied because of its reflectivity, cooling.effect,
and insulating characteristic. In the case of certain com-
bustible surfaces these characteristics may prevent ignition.

Asterigks (*) indicate additional information in Ap-
pendix in correspondingly numbered paragraphs.

~ points at or above 73°F and below 100°F,
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CHAPTER 1.
GENERAL REQUIREMENTS AND INFORMATION

100. Introduction.

1010. . PURPOSE: This standard is intended for the
use and guldapce of those charged with designing, install-
ing, testing, inspecting, approving, listing, operating- or

maintaining foam fire extinguishing systems, either portable.

or fixed for interior or exterior hazards.

1020. Scope: This standard covers the character-
isties of foam-producing materials and the requirements for
design, installation, operation and maintenance of equip-
ment and systems. Minimum requirements are covered for

-flammable- and -combustible-liquid--hazards—in local areas

within buildings, for storage tanks, and for indoor and out-
door ‘processing areas, Methods of testing systems are also
included. This standard does not include requirements for
synthetic and high expansion foam systems. (See subsec-
tion 1133.) ‘ :

110. Definitions, .
1119. FLAMMABLE AND COMBUSTIBLE L1QUIDS.

) 1111. Flammable Liquids shall mean any liquid hav-
ing a flashpoint below 100°F (37.8°C) and having a vapor
pressure. not exceeding 40 lb/sq in. (absolute) at 100°F:
Flammable liquids shall be subdivided as follows:

) (a)} Class I liquids shall include those having flash- .
points below 100°F and may be subdivided ag follows:

. (i) Class IA shall include those having flagh-
points below 73°F and having a boiling point below 100°F.
. (ii) Class IB shall include those having flash-
11’35%? below 73°F and having a boiling point at or above
" (i) Class IC shall include those having flash-

1112, Combustible Liquids shall mean any liquid hav-

ing a flashpoint at or above 100°F (87.8°C). They may be .
:subdivided as follows: o _
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(a) Class II liquids shall include those having flash-

points at or above 100°F and below 140°F,

(b) Class IITA shall include those having flash-
points at.or above 140°F (60°C) and below 200°F (93.4°C).

(¢) Class IIIB shall include those having flash-
points at or above 200°F (93.4°C).

1120. Foam:  Fire-fighting foam within the scope of

this standard is a stable aggregation of small bubbles of

lower density than oil or water, and shows tenacious quali-
ties for covering and clinging to vertical or horizontal sur-
faces. It flows freely over a burning liquid surface and
forms a tough, air-excluding continuous blanket to seal
volatile combustible vapors from access to air. It resists
disruption due to wind and draft, or heat and flame attack,
and is capable of resealing in. case of mechanical -rupture.
Fire-fighting foams retain these properties for relatively
long periods of time. .

1121, AIR FoaM or MECHANICAL FoAM is made by

:. mixing air into a water solution containing a foam concen-
- trate by means of suitably designed equipment. One gallon

of foam solution will produce about 8 gallons of air foam.

. This figure is representative of playpipe performance and

delivery from fixed air foam makers of the low back pres-

- sure type. Foam production from high back pressure type
foam makers is 4 gallons of air foam per gallon of solution

or less, varying with the back pressure imposed.

1122. CHEMICAL F0AM is made by the reaction of an
alkaline salt solution (usually bicarbonate of soda) and an
acid salt solution (usually aluminum sulphate) to form a gas
(carbon dioxide) in the presence of a foaming agent which
causes-the gas to be trapped in bubbles to form a tough, fire
resistant foam. :

Norm: This type of foam is considered 6bsolete and has.
generally been replaced by air foam,

118. AIR FOAM CONCENTRATE. Air foam concentrate
is a concentrated liquid foaming agent as received from the
manufacturer. ,

1131.. PROTEIN-FoAM CONCENTRATES congist primar-

' _ ﬂy of products from a protein hydrolysate, plus stabilizing

additives and inhibitors to protect against freezing, to pre-

.~ vent corrosion of equipment and containers, to resist bac-
terial decomposition, to control viscosity, and to otherwigse -

i.
1
i
i
b
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assure readinpss for use under emergency conditions. They
are diluted with water to form 3 percent to 6 percent solu-
tions: depending upon the type.

1132, FLUOROPROTEIN'—FOAM-CONCENTRATES are very
similar to protein-foam concentrates as described above.
but with a synthetic fluorinated surfactant additive. In ad.
dition to an air-excluding foam blanket, they may also de-
posit a vaporization preventing film- on the surface of a
liquid fuel. They are diluted with water to form 3 percent
to 6 percent solutions depending on the t

_1133. SYNTHETIC FoAM CONCENTRATES are based on
fclaaénmg agents other than hydrolysed proteins. They in-
clude: ' ‘

(L) Aqueous—-Fi-lm——--Forming:-Foam-'""(:A:FFF) Con-

centrates are based on fluorinated surfactants plus foam
stabilizers and are diluted with water to-a 3 percent or 6
percent solution. The foam formed acts both ag a barrier to
exclude air or oxygen and to develop an aqueous film on the-
fuel surface capable of suppressing the evolution of fuel
vapors. The foam produced with AFFF concentrate is dry-
chemical-compatible and thus is suitable for eombined use
with dry chemicals. Guidance for use of these materials ig
given in NFPA No. 11B, Synthetic Foem and Combined
Agent Systems. ) .

(2) High Expansion Foam Concentrates (usually
derived from hydrocarbon surfactant) are used in specially
designed equipment to produce foams of foam-to-solution
volume ratios of 100:1 to approximately 1000:1, This equip-
ment may be air-agpirating or blower-fan type. Guidanece
for the use of these materials is given in NFPA No. 114,
High Expansion Foeam Systems. :

(8) Other Synthetic Coneentrates are also based on

- hydrocarbon surface active agents and are listed as wetting

agents and/or as foaming agents. In general, their use is
limited to portable nozzle application to spill fires within the

~'scope of their listings by nationally recognizeq laboratories,

Guidance for use of the materials is given in NFPA No. 11B,
Synthetic Foam and Combined Agent Systems,

- 1134, SPECIAL“ALCOHOL TYPE” FOAM CONCENTRATES

form s foam which lr_las an insoluble ‘barrier in the bubble
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structure which resists breakdown at the interface of the
fuel and foam blanket. They are used for fighting fires in
water soluble and certain flammable or combustible liquids
and solvents which are destructive to regular foams.

_ 1135. COMPATIBILITY OF CONCENTRATES AND THEIR

FoaMms. Different types and brands of concentrates may be.
incompatible and shall not be mixed in storage. Foams
generated separately from protein, fluoroprotein and AFFF
concentrates, may be compatible to a degree and may be
applied to a fire in sequence or simultaneously.

114, FoAM SOLUTION. Foam solution is a homoge-
neous mixture of water and foam concentrate in the proper
proportion.

“solution is produced by continuous introduction of foam.
. eoncentrate at the recommended ratio to water flow,

116. FoAM SoLUTION PREMIX METHOD. Foam solu-
tion is produced by premixing foam concentrate directly
into the water in a storage tank. :

120.. Air Foam..

- *121. PROPORTIONING METHODS FOR AIR FoAM SYS-
TEMS. The methods of proportioning to give the proper
solution of water and foam liquid concentrate recognized by
this Standard include:

. (a) Foam Nozzie Inductor: A suitably designed
venturi with “pick-up tube” is included in the foam noz-
zle construction so that foam liquid eoncentrate is drawn
up through a short length of pipe or flexible tubing connect-
ing the foam nozzle with the container of foam concentrate,
The concentrate is thus automatically mixed with the water
in recommended proportions.

(b) In-Line Inductor: A venturi inductor is lo-
cated in the water supply line to the foam maker. This is

connected by single or multiple lines to the source of foam-:

concentrate. It is precalibrated and it may be adjustable.

(¢) Pump Proportioner: (Around-the-pump pro-
portioner.). The pressure drop between the discharge and
suction side of the water pump of the system is used to in-

.duct foam concentrate into water by suitable variable or
fixed orifices connected to a venturi inductor in a by-pass
between the pump suction and the pump discharge.

3

R ‘

..1165.. F0AM SOLUTION PROPORTIONING-METHOD.— Foam—-. --if—. .
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(d) Metered Proportioning: A separate foam con.
centrate pump is used to inject foam concentrate into the
water stream. Orifices and/or venturis control or meastre.

the proportion of water to foam concentrate. Either manual

or automatic adjustment of foam concentrate injection by

pressure. or flow control may be utilized. Another type of

proportioning uses a pump or diaphragm tank to balance
the pressure-of the water and the concentrate, VariaI‘:)(ig
orifices proportion automatically through-a wide range of
solution requirements. '

(e) Pressure Proportioning Tank: A suitable

method is provided for displacing foam concentrate from a .

closed tank by water (with or without a diaphragm se -
tor), using water flow through a venturi oriﬁce.g para

(f) Coupled. Water-Motor Pump: A suitably de-

~gigned-positive-displacement pump it the Water supply line

is coupled to a second, smaller, positive displacement foam
concentrate pump. to provide proportioning. '

~ *122. Ak FOAM GENERATING METHODS. The methods
oif generatlon of air foam recognized in this standard in-
clude:

" (2) Foam Nozzles or Fixed Foam Makers: A

specially designed hose line nozzle or fixed foam maker de-

signed to aspirate air is connected to'a supply of foam soly. -
tion. They are so constructed that one or several ‘streams

of foam solution issue into a space with free sccess to air,

Part of the energy of the liquid is used to aspirate air into

the stream and turbulence downstream of this point creates

a gtable foam capable of being directed to the hazard being-
protected. Various types of devices may be installed at the

end of the nozzle to cause the foam to issue in a wide pattern

or a compacted stream. '

(b) Pressure Foam Maker (High Back Pressure
or.qucmg Type.): A foam maker utilizing the venturi.
principle for aspirating air into a stream of foam solution
forms foam under pressure. Sufficient velocity energy is
conserved in this device so that the resulting foam may be
conducted through piping or hoses to the hazard being
protected, -

“(¢) Foam Pump: A _posit'iVe;diSplacément' ty;
pump is connected to a supply of foam solution, Part of {111):
intake of this pump is open to the atmosphere go that when
it is operated at the proper speed the air and solution are

intimately mixed to form foam under pressure,
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123. STORAGE OF AIR F0AM-CONCENTRATES. In order
to insure the correct operation of any foam-producing sys-
tem, the chemical and: physical characteristics of the ma-
terials comprising the system are taken into consideration
in its design. Since such systems may or may not be opera-
ted for long periods after ;installa.tion, the choice of proper:

1231. Foam concentrate may be stored in the contain-
ers in which it is transported or it may be transferred to
large bulk storage tanks depending on the requirements of
the system. These foam concentrates are subject to freez-
ing and deterioration by prolonged storage at high tempera-
tures. For ready use they shall be stored within the listed
temperature limitations: ~The-location-of stored .containers
requires special consideration to protect against exterior
deterioration due to rusting or other causes. Bulk storage
containers also require special design consideration.

130. Chemical Foam. Chemical foam is the oldest form of
fire fighting foam (ca. 1903) and is no longer in general use.
The excessive maintenance needed to insure reliability and
excessive manpower Necessary during an emergency have
made this type of foam less desirable than air foam,

+13]1. CHEMICAL FoaM POWDERS. These are dry mix-
tures of powders used to generate chemical foam by their
interaction when mixed with water, at or near the point

where the chemical foam is needed. There are three types .

of chemical foam powders: Dual powder charges, where the
alkaline salt portion of the chemical foam powder is packed
. separately from the acidic salt portion of the charge and the
containers are marked “A” and “B"” powders; Single pow-
der charges, where a single blend of all the chemical foam
powders needed to produce chemical foam is a single con-
tainer; Special “aleohol type” single powder charges, where
a single blend of specially formulated chemical foam powder
is packaged for use on fires involving water-miscible solv-
ents such as alcohol, ete. ~All types are packaged in dry
moisture-proof containers. Since chemical foam powders

are no longer in general use, replacement materials may not - '

be available from recognized vendors,
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132. CHEMICAL FoaM GENERATING METH ;
methods of generation of chemical foam incluge-:ons' The

(a) - Continuous Foam Generators: = An ope -
nel-shaped container (or dual containers) is positri)ogeflu:t .
the terminus of a water supply. It is so designed that when
dry foam powder (or dual powders) is fed into it the water
stream picks up the necessary amount for interaction to
produce foam. Some types of continuous generators congist
of separate containers for the acid and alkaline salts and the
two solutions formed are kept separate until admixture in
the system beyond the point of solution in water. The foam
formed in either of the above systems is conducted in either
piping or hoses to the hazard being protected.

_(b) Stored Solution Systems: This is a “wet sys-
tem” and employs the necessary reacting chemicals as sep-
arate water solutions of alkaline salts and acidic salts made

~and stored in containmers-separately piped-to a-central mix-

ing point where foam is generated by their interaction
The resulting foam is piped to the hazard being protected:

o *133. STORAGE OF CHEMICAL FoaM MATERIALS. Spe-
cial design and handling are needed when storing cliemiléal

. foam materials.

. may be necessary. -

140. Use and Limitations of Foams. The uses of f
within the limits of this-standard are listed belcfw. oams

) Characteristics and uses of other foams may be fou

in NFPA No. 11A, High Expansion Foam Sygtems Oaﬂg_

lgFfA No. 11B, Synthetic Foam and Combined Agent
ystems. :

141, The uses of foam are as follows:

(1) The principal use of foams is the extinguish
ment of burning liquids lighter than water. . EHsh

(@) Ignition and fire may be prevented by apply-
ing foam blankets to spills or other hazardous-areasj.r ey

(3). Foams may also be used to insulate and protect

_exposures from radiant heat. They also act to prevent igni-

tion of open areas of flammable liquids if spread completely
over an exposed surface. It is well to remember, however,
that. foam breakdown can render such a foam protec’civé
coating of no value to the fire fighter and frequent renewal

11-13
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. {4) Because of the water content, foams may be
used to extinguish surface fires in ordinary combustible
materials such as wood, paper, rags, etc.

*142.- The limitations of foam are as follows;

(1) Foams are not suitable extinguishing agents
for fires involving gases, liquefied gases with boiling points.
below ambient temperatures such as butane, butadiene, pro-
pane, ete., or cryogenic liquids.

{(2) Flowing liguid fires, such as overhead tank
leakage or pressure leaks, are not readily extinguishable
with foams, Other auxiliary agents compatible with foams
should be provided in conjunction with foams for fighting
fires of this nature.

(3) Foams shall not be used to fight fires in ma-
terials which react violently with water, such as metallic

~ sodium and métallic potassium, ete, In certain magnesium

- fires, foams may be judiciously applied to help restrict burn-
ing and_cool residual metal.

(4) Foam is a conductor and shall not be used on
" energized electrical equipment fires.

(5) Judgment must be used in applying foams.to
hot oils, burning asphalts or burning liquids which are
above the boiling point of water. Although the compara-
tively low. water content of foams can beneficially cool such
fuels at a glow rate it can also cause violent frothing and
“glop-over” of the contents of the tank,

(6) Certain wetting agents and some dry chemieal
powders may be incompatible with foams. If they are used
simultaneously, an instanfaneous breakdown of the foam
blanket may occur. Precautions must be taken to ensure
that such agents are fully compatible with the types of
foams being used..

{7) Regular foams are not suitable for water solu-
ble or polar solvent liquids. Special foams designed for these
materials are available. '

(8) The manufacturer of the concentrate shall be
consulted regarding storage life when the concentrate is to
be used in a pre-mix solution.

148, Consideration shall be given to potential contam-
ination of water supplies, treating systems, and effluent by
foam or solution runoff. '
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150. Specifications and Plans.

151. The specifications shall designate the authority
having jurisdiction and indicate whether submittal of plans
is required. They shall state that the installation shall con-
form to this Standard and meet the approval of the author-
ity having jurisdiction. They shall include the specific tests
that will be required to meet the approval of the authority
having jurisdiction, and indicate how cost of testing is to
be borne. :

162. Prans. Where plans are required, their prep-
aration shall be entrusted only to fully experienced and re-
sponsible persons. They shall be submitted for approval to
the authority having jurisdiction before foam systems are
instalied or existing systems modified. Thege plans shall
be drawn to an indicated scale or be suitably dimensioned.

152.1. Plans shall contain or be accompanied by the
following information, when applicable, to. enable the au-
thority having jurisdiction to evaluate the suitability of the
system:

(a) Physical details of the hazard including the.
location, arrangement, and hazardous materials involved.

(b) Type and percentage of foam concentrate.
(e Required solution application rate,
(d) Water requirements,

(¢) Calculations showing required amount of con-
centrate. '

(f) Hydraulic calculations. (See Chapter 7 of
NFPA No. 13, Installation of Sprinkler Systems, for hy-
draulic calculation procedures.) :

~ {g) Identification and capacity of .a.ll equipment
and devices. '

(h) TLocation of piping, detection devices, operat-
ing -devices, generators, discharge outlets, and auxiliary
equipment, : B

(i) Séhem_at’ic wiring diagram..
(j) Explanation of any special features.

153.. Where field conditions necessitate any signifi-

- cant change from the approved plan, corrected “as in-
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L stalled” plans shall be supplied for approval to the au-

thority having jurisdiction.

160. Water Supplies.

161. QuAuiTY. The water supply to foam systems
may be hard or soft, fresh or salt, but shall be of suitable
quality so that adverse effects on foam formation or foam
stability does not occur. No corrosion inhibitors, emulsion
breaking chemicals or any other additives shall be used
without prior consultation: with the foam concentrate sup-
plier.

162. QUANTITY.. The water supply shall be adequate

in quantity to supply all the devices that may be used simul-
taneously. This includes not only the volume required for

other fire fighting operations, in addition to the normal plant
requirements.

163. PRESSURE. The pressure available at the inlet
to the foam system (foam generator, air foam maker, etc.)
under required flow conditions shall be at least the mini-
mum pressure for which the system has been designed.

164. TEMPERATURE. Optimum foam production is
obtained using water at temperature between 40°F and

100°F. Higher or lower water temperatures may reduce

foam efficiency.

*165. SysTEM DuSIGN. The water system shall be
designed and installed in accordance with recognized stand-
ards for such extinguishing systems. Where solids of suf-
ficient size to obstruet openings in the foam equipment may
be present strainers shall be provided. Hydrants furnish-
ing the water supply for portable foam equipment shall be
provided in sufficient number and be located as required by
the authority having jurisdiction, .

170. Air Foam System Design.

171. AR FoaM GENERATING AND PROPORTIONING
SystEM DESIGN. Suitable approved equipment of the type
described earlier in thig standard shall be furnished in size
and type in accordance with the detailed foam application
requirements for the hazard to be protected as required by

the authority having jurisdiction. This equipment shall in-

-the-foam apparatus-but.also. water.which.may be_used_in... .|
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clude the necessary prime movers, foam concentrate propor-
tioners and storage tanks, foam generators and foam piping
and discharge devices.

1711. Foam systems shall-be designed so that all com-

ponents havipg moving parts can be periodically tested with-
out discharging foam onto the hazard.

1721. DISCHARGE OUTLETS. Discharge outlets ghall
be designed and located to permit the distribution of the
foam over the area to be protected. Discharge outlets may
l(:ie in combination with mixing devices or may be separate

evieces,

173. SYSTEM PIFING.
-1731. PIPE MATERIALS. Pipe within the hazard area

“shall be steel; suitable for the presyure involved, but not less

than standard weight, in accordance with current American
Standards. Pipe specifications normal for water use shall
be-permitted outside the hazard area.

1732. VALVES. All valves shall be listed for fire pro-
tection use. Readily accessible drain valves shall be pro-
vi_ded for low' points in underground and aboveground
piping. Valve specifications normal for water use shall be
permitted outside the hazard or diked area. Automatic con-
trol valves, shutoff valves and strainers of approved types.
may be cast iron if outside the fire area, but shall be steel if
within the fire area..

1783. FITTINGS. All pipe fittings shall be American |

Standard for the pressure class involved but not less than
125 1b standard. Iron fittings shall be malleable in dry sec-

" tions of the piping exposed to possible fire. All fittings sub-

ject to stress in self-supporting systems shall be steel or
malleable iron.

1734. INSTALLATION. Piping shall be so arranged as
to reduce friction to a reasonable minimum. All piping
shall be securely supportell. All foam distribution piping
shall be arranged to drain and shall have g pitch toward
drain of 14 inch in each 10 feet. Foam system piping shall
be normally empty and where exposed to corrosive influ-
ences it shall be protected against corrosion,

1735. PIPE SizEs. Since effective protecti;)n depends

- on having an ad_equate_ volume of water (or solutions) at
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proper pressure, available at the foam-making devices, each
system requires individual consideration as to the size of the
piping. The water pressure of the inlet to air foam makers

should preferably be not less than 50 psig. Operation is,

however, possible with water pressure as low as 30 psig.
Friction losses in pipe and fittings carrying water or foam
solutions shall be determined by the Hazen and Williams
formula using a value of 120 for “c”. Pipe sizes shall be so
selected as to produce the proper delivery rate and pressure
at the discharge outlet. (See Chapter 7 of NFPA No. 183,
Installation of Sprinkler Systems, for hydraulic caleulation
procedures.) For friction losses in piping carrying foam, see
A-3561,

1736. FLUSHING AFTER INSTALLATION. Water sup-
ply mains, both underground and aboveground, shall be
flushed thoroughly at the maximum practicable rate of flow,.

- -before-connection-is-made to-system-piping;-in-order-to-re=-——1-

move foreign materials which may have entered during
installation. The minimum rate of flow for flushing shalil
not be less than the water demand. rate of the system, as
determined. by the system design and the available water

supply. The flow shall be continued for a sufficient time to-

insure thorough cleaning. Disposal of flushing water must
be suitably arranged. All foam system piping shall be
flushed after installation, using its normal water supply

- with foam-forming materials. shut off, unless the hazard

cannot be subjected to water flow. Where flushing cannot
be accomplished, cleanliness of pipe interiors shall be care-
fully examined visually during installation.

1737. FLUSHING AFTER USE. Provision shall be made
in the design to permit flushing of normally empty foam
concentrate and solution piping with clean water after use.

174. STORAGE OF FoAM CONCENTRATE EQUIPMENT.

1741. STORAGE FACILITIES. Storage of foam concen-
trates and equipment shall be in an accessible location not
exposed by the hazard they protect. If housed, they shall be
in a noncombustible struecture, .

1742, RESERVE SUPPLY OF FoAM CONCENTRATE. There _

shall be a readily available reserve supply of: foam-produc-

ing materials sufficient to meet design requirements in order

to put the system back into service after operation. This
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supply may be in separate tanks or compartments, in drums
or cang on the premises, or available from an approved out-
side source within 24 hours.

1743. OFF-PREMISES STORAGE. For outdoor nonauto-
matic systems, the authority having jurisdietion may per-
mit the storage of foam-concentrate off the premises where
these supplies are available at all times, Adequate loading -
and transportation facilities must be assured, Off-premises
supplies shall be of the proper type for use in the systems of
the given installation. At the time-of a fire thege off-premi-
ses supplies shall be accumulated in sufficient quantities,
before placing the equipment in operation, to ensure unin-
terrupted foam production at the design rate for the re-
quired period of time.

*180. Acceptance Tests. The completed system shall be in-

—-——8pected-and tested by qualified personnel to determine that.

it is properly installed and will function as intended.

181. INSPECTION AND VISUAL EXAMINATION. Foam
systems shall be examined visually to determine that they
have been properly installed, They shall be inspected for
such items as conformity with installation plans, continuity
of piping, removal of temporary blinds, accessibility of
valves, controls and gages, and proper installation of vapor
seals, where applicable. Devices shall be checked for proper
identification and operating instructions.

182. PRESSURE TESTS. All piping, except that han-
- dling expanded foam for other than subsurface application;
shall be subjected to a two-hour hydrostatic pressure test at
200 psig or 50 psi, in excess of the maximum pressure an-
ticipated, whichever is greater, in general conformity with:
NFPA No. 13, Installation of Sprinkler Systems. All nor-
n‘gg(l.ily dry horizontal piping shall be inspected for drainage
pitch,

. 183, OPERATING TESTS. ‘Before- acceptance, all oper-
:_tmg devices and equipment shall be tested for proper func--
101, : ' '

_184. DISCHARGE TESTS. Where conditions permit,
flow tests shall be conducted to ensure: that the hazard is
fully protected in conformance with the design specification,
and to determine the flow pressures, actual discharge ca-
pacity, consumption rate of foam-producing materials, man-
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- power 're(juiremehts"f:&n'd_. other. operating characteristics.
The foam discharged: shall be visually inspected to ensure.

.that it is satisfactory for the purpose intended.

185. . SYSTEM RESTORATION. - After completion of ac-
system. shall be flushed and restored to

. operational condition. -

. 190. Periodic Inspection, Testing and Maintenance. All
- Systems shall be: thoroughly inspected by a competent in-

spector at regular intervals, at least. annually, ‘to ensure-
that they will remain in full operating condition. Regular-

generally available, .- . o _
191, FoAM-PRODUCING - EQUIPMENT. Proportioning

service contracts: with the manufacturer or installer are -

- devices, their accessory equipment and foam-makers shall
. beinspected. - .o ERREIC T R R

. 192, PIPING. Aboveground piping shall be examined
to determine its condition and that proper. drainage pitch
is. maintained. Pressure tests of normally dry piping shall
be- made ' when - visual " inspection . indicates questionable

. strength.due to corrosion or mechanical damage. Under-
ground -piping: shall be-spot checked for-deter__ioration- at

least avery five years. -

193 STRAINERS, Strainers shall be i'nspécted: and’

.- cleaned after each use and flow test. -

194, DETECTION AND ACTUATION EQUIPMENT: Con-

: trol valves including all automatic and ‘manual actuating

devices shall be testegir at{'re'g—_l_xléi_r intervals, CL
. 195. AR FOoAM CONCENTRATES. Periodic inspection

shall be made of air-foam: concentrates and their tanks or
storage containers for evidence of excessive sludging or

deterioration. . Samples of concentrates should be referred

to the manufacturer or qualified laboratery for quality con- _

dition testing. Quantity of concentrate in storage shall
meet design requirements, . AT

196. OPERATING INSTRUCTIONS AND TRAINING, Op-
erating and maintenance instructions and Iayouts shall be
posted at control equipment and at fire headquarters. All
persons who may be expected to inspect, test, maintain, or

operate foam  generating apparatus shall be thoroughly
trained and kept thoroughly trained in the functions they
~ are expected to-perforr_n. C : R R PO N
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CHAPTER 2. FIXED FOAM EXTINGUISHING SYSTEMS
FOR INDOOR FLAMMABLE LIQUID HAZARDS

200. General.
201. Scope and Application.

2011.  This section relates to foam fire extinguishing
systems: which are intended as the primary protection for
specific hazards located in rooms and: buildings, or general
protection for the contents of the room or ‘building and may
or may not include the structure. '

2012, ' These systems are rarticularly applicable to the

~ indoor storage and handling of flammable liquids having

a fiash point below 140°F, and heated combustible liquids.
Typical applications would. bein storage areas, areas sub-
ject to large spills, process equipment, bump rooms, open
tanks, such as dip tanks, quench tanks, mixing tanks, ete.;

- which may be found in chemical plants, solvent extraction
' pl_a:;ts,_ distiilation plants, and refineries.

2013, This section does not cover foam-water Sprin-
Kler or foam-water spray systems (see. NFPA No. 16)
or hlgh.axpansion foam systems (see NFPA No. 11A).

202, Definitions,

2021 SPRAY FOAM SYSTEM: A spray foam system

- i8 a special system, pipe-connected to a source of foam pro-

ducing solution and is equipped with Spray nozzles for foam
dlscharge ‘al_id‘ distribution over the ‘area to be protected.

2022, DISCHARGE DEVICES: ‘Discharge devices - gen-
erally fall into two categories;. those producing foam in a
spray or dispersed pattern, and those producing foam in a
compact low velocity stream. _

..~ (a) Devices which discharge foam in a spray pat-
;.ern terminate in a deflector or screen which dispenses the
" (b) Devices which. discharge foam as a compact

| low velocity stream -may ‘or may not have deflectors or

stream directors included as an integral part of the de-

“vice: ‘These devices may take such forms as open pipe fit-
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tings, directional flow nozzles, or small foam-making cham-
bers with open outlets.

(c) These discharge devices-in approved forms are
available in a number of patterns with variations in dis-
charge capacity. Such devices may or may not have the
foam maker included as an integral part.

203. Limitations.
Note: For general limitations see 140..

2081. Foams should not be used on water soluble sol-
vents in depth exceeding one inch, through spray foam dis--
charge devices. Alcohol type foams can be used when the
gystem is specially designed for this application and ap-
proved by the authority having jurisdiction.

204, Foam Quality. e

-2041, Foam delivered from: spray foam gystems shall.
quickly form a. cohesive foam blanket and spread rapidly
around obstructions. Foams discharged from such systems,
and meeting these requirements, have exhibited “expan-
sions” ranging from 4 to 8; and “25 percent drainage time”
values, ranging from 0.30 minute to 1 minute.

2042. Foam discharge from devices producing a com-

pact low velocity stream shall have characteristics within.
the limits shown in Fig. A-601G.

210. System Description.
211. A system consists of defection devices, an adequate

water supply, supply of foam producing materials, suitable.

proportioning equipment, a proper piping system, foam
makers, and discharge devices designed to adequately dis-
‘tribute the foam over the hazard.

9111. These systems are of the open outlet deluge type
in which foam-discharges from all outlets at the same time,
covering the entire hazard within the confines of the system.

2112. Self-contained systems are those in which all

: components.and-ingredients, including water, are contain

within the systems. Such systems usually have a water

supply tank that is pressurized by air or compressed gas,
and the release of this pressure into the system puts it in

operation. These gystems may also be pressurized by the.
chemical reaction of solutions that are mixed at the time of

. system operation.
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212. Automatic Operation..

2121. In an automatic system there ar i

i ) e fi

%evmes which may be any of a numher of listelt'ied(i?czecﬁggl '
hese detectors usually activate the system by operating the -

water control valve or other actuating device. All other |

equipment is so interconnected that it is als i
that properly mixed foam solution is supplie((; aia;.(():tggtefd m
makers and foam distributed over the hazard oam
2122. Automatic detection equipment, w
matic, hydraulic or electric, shall b% pll)'ovide,d“mrg:ltlhggnf 112::1;
supervision so arranged that failure of equipment or logs of
supervising air pressure or loss of electric energy will result
in positive notification of the abnormal condition. Small
systems for localized hazards may be unsupervised? subjeet;
to approval of the authority having jurisdiction. !
2128.. A_utomatit_:..detection. equipment of electric type
and al}ky auxiliary equipment of electric type, if in hazardous
areasz,lzihalllbe expressly designed for use in such areas
. In some special cases it ma i '
arrange the system to shut off automati?:ra]kl); gf%cséiaglgrz
determined operating time. This feature would be subject
to approval of the authorities having jurisdietion. !

220. Systém Design.

221. These systems shall be desi i
) : gned for a -
eration, supplemented by auxiliary manual trigg?xﬁ%ag%a%g.

222. In systems designed for general area protection of -

rooms or buildings where spray foam device

dlsc}_lglrgg outlets should generally be ]ocﬁtzdarfsnﬁ?gﬁﬂalg
g?:(fﬁa:gem g}ﬁ% area, and spaced in accordance with their
protected agea.erns so that the system covers the entire

2221, When floor type outlets
located and s N are used, they should be
possible over tﬁgﬁi as?o the foam will flow as rapidly as

223. Open tanks of ﬂamrﬁable liquids may be protected:

- by “tank side” nozzles discharging foam at low velocity

direetly on the liguid: ]
nozzles mounted %bpvzlglf:ﬁ:%k?r by means of foam spray”

3 _vzﬂtlon for specific pieces of equipment may be

._‘See‘ National .Ei, y
ot hmiiorah Blecrcel, Cude (NFPA No. 1), Avice 500 and




FOAM EXTINGUISHING SYSTEMS

ll“‘24 . e

"provided by overhead application or by directional dis-
charge devices directed at the equipment. Where the basic
- objective of the system is extinguishing a spill fire on the
floor, enveloping the equipment in the foam discharge has
the added advantage of providing an insulating effect to
protect the equipment from heat exposure while the fire ig
being extinguished.

2241. There should be a minimum of one (1) discharge
outlet per 100 square feet of protected area unless listing
of discharge devices indicates a larger spacing is permitted,
These outlets should be located so as to provide good distri-
bution throughout the protected area. However, an added
advantage is. gained by locating the outlets so that foam
discharge envelops the equipment within the protected area.
These outlets are located in plan and elevation to provide

“the most effective protection of the hazard,

225. In some hazard arrangements it may be desirable to

- design systems utilizing combinations of the system designs
described in 2220, 2230, and 2240,

226, Where air-foam concentrate lines to the protective-
system injection points are run underground or where they
run aboveground for more than 50 feet, air-foam liquid
concentrate in these lines shaill be maintained under pres-
“sure to assure prompt foam application and to provide a
~ means of checking on the tightness of the system,

Pressure may be maintained by a small auxiliary
bump, or by other suitable means.

227. Equipment items, such as storage tanks, propor-
tioners, pumps, and control valves shall be installed where
they will be accessible, especially during a fire emergency
in the protected ares and where there will be no exposure
from the protected hazard, Automatically controlled valves
shall be as close to the hazard protected as accessibility
permits so that 2 minimum of piping is required between
the automatic-control valve and the discharge devices. Con-
sideration should be given to provisions of remotely located
post-indicator or other shut-off valves to permit system
water-supply control under abnormal conditions.

228. Size of System. Systems may be used to protect
one or more hazards or groups of hazards using' the same
supply of foam concentrate and water. -

2281. The size of a single system should be kept as

small as practicable, giving considgra‘ti_on- to water supplies
and other factors affecting the reliability of the protection,

R S i
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Where, in the opinion of the authority having jurisdiction,
two or more hazards may be simultaneously involved in fire .
by reason of their proximity, each hazard shall be protected
with an individual system or the system shal] be arranged
to discharge on all potentially involved hazayrds simultane-
ously. :

230. Rate of Application.

231. For Liquid Hydrocarbons.

2311. For area protection; the discharge of foam
outlets shall provide a solution rate of at least 0.16 gpm
per square foot of the area protected.

2312. Where there are intervening horizontal surfaces
that would collect foam, such as large tanks, mezzanines
or decks, etc.,, these should be taken into _consideration in

~rarriving at the design discharge rate.

2313. Where open top tanks are brotected by dig-
charge outlets located on the tank; the rate of application
shall be 0.16 gpm per square foot of liquid surface,

2314, When small open tanks are protected by spray
foam system, close attention must be given to the percentage
of the system discharge which actually enters the tank, to
assure that the required application rate is being achieved. .

232.. Water soluble and certain flammable and combus<:
tible liquids and polar solvents which are destructive to
regular foams require the use of “alcohol” type foams.
Systems using these foams require special engineering con-
sideration and may require that higher application rates be -
used.. In all cases, the manufactyrer of the foam concen-
trate. and the foam-making equipment should be consulted
as to the limitations. and for recommendations based on

- listings or specific fire tests.

240, Operating Time,
241. For Area Protection.

2411. The duration of foam: discharge shall be a mini-
mum of 10 minutes. When a system has been designed to.
have a delivery rate higher than that specified under 230, a.
proportionate reduction in the discharge time may be made

- except that it ghall not be less than seven minutes.

242. “For Tanks of Less Than 400 Square Feei Liquid
Surface. L ' : :

_ 2421, _For 'overh_ea_.d spray foam discharge outlets, the
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dil:lemtion of foam discharge shall be a minimum of 5 min-
utes.

2422. For tank mounted foam discharge outlets, the
duration of foam discharge shall be a minimum of 8 minutes.

2428. Where the normal freeboard is such that if the .

discharge time would cause a significant quantity of foam
to overflow and be wasted, the authority having jurisdie-
tion should be consulted.

2424, Suitable overflow facilities should be provided -

to maintain a constant freeboard of not less than 2 inches,
or 4 inches for tanks of more than 25 square feet in area
(see NFPA No. 34, Dip Tanks). :

243. For tanks of 400 square feet and larger liquid sur-
face area, apply the operating time ruleg_ fgr__gq@d_dp;j tanks.

250. Supply of Foam Producing Materials.

251, Total supply of foam-producing materials shall be
the sum of the quantities defined in 252 and 253.

~ 252. There shall be a quantity of foam producing materials.

gaiﬂicient to supply the system in accordance with 230 and
0. '

253. Reserve Supply. There. shall be a reserve supply
of foam-producing materials in accordance with 326,

260. System Piping..

261.  System piping shall be hydraulically calculated and
sized in order to obfain reasonably uniform foam distribu-
tion and to allow for loss of head in water supply piping.
Adjustment in pipe sizes to provide uniform discharge
should be based on a maximum variation of 15 percent

from the assumed average discharge per discharge device-
provided that the total system design delivers the design

application rate. Hydraulic caleulations shall be made in

- accordance with the applicable paragraphs of NFPA No. 16,

Foam-Water Sprinkler and Spray Systems.

2611. Pipes shall be securely supported and where
protecting hazards in rooms where explosions are possible,
pipes should be hung from other supports than the roof so
that if the roof lifts, the piping will not be broken or dis-
arranged, : '
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2612, Foam distribution piping shall be arranged to

drain and should have a pitch toward drain 15 in. in 10 feet, :
All hangers must be of approved .

2613. HANGERS:
types. Tapping or drilling of load bearing structural mem-
bers should not be generally permitted. Attachments may
be made to existing steel or concrete structures and equip-

ment supports. Where systems are of such 2 nature that =

the standard method of supporting pipe for protection
purposes cannot be used, the piping shall be supported in
such a manner as to produce the strength equivalent to that
afforded by such standard means of support,

2614, INSTALLATION: The installation standards for

foam system piping shall be the applicable sections of the

NFPA Standard for the Installation of Sprinkler Systems
(No. 13) except as herein modified. Welding in accordance

. .with ANSI Code for Pressure Piping is Permissible when it

can be done without introducing fire hazards, Special care
should be taken to insure that the openings are fully cut out
and that no obstructions remain in the waterway. The

supply piping to foam outlets which protect a hazard in a
fire area shall not pass over another hazard in the same fire .

area. .

270. Alarms.
271, A local alarm, actuated independently of water flow,

to indicate operation of the automatic detection equipment.

shall be provided on each system.  Central station or pro-
prietary station water-flow alarm service is desirable but

‘provision of this service does not necessarily waive the

local-alarm requirement.
272, OQutdoor water-motor or electric-alarm gongs, re-

sponsive to system water flow, may be required by the

authority having jurisdiction.

273, Under conditions where central station or proprie-
- tary station water-flow alarm service is not available, it

may be advisable to connect electrical alarm units to public

- Fire Department Headquarters or nearest Fire Department

Station or other suitable place where aid may be readily
secured.* - : '

*See the NFPA Standards on Central Stotion Sigﬁaling Systems
{No. 71}, on_Local Protective Signaling Systems (No. 72A), on Auwil-

-~ tary Protective Signaling Systems (No. 72B), on Remote Station Pro-

tective Signaling Systems (No, 72C), and on Proprietary Protective
Signaling Systems. (No. 72D). o
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274. A suitable trouble alarm shall be provided for each
system to indicate failure of automatic detection equipment
(including electric supervisory circuits) or other such
devices or equipment upon which the system-operation is
dependent.. '

280. Plans and Specifications.

281, The designing and installation of these systems
should be entrusted to only fully experienced and responsi-

ble persons. Before such systems are installed, complete -

working plans and specifications shall be submitted for
approval to the authority having jurisdiction. Working
plans shall be drawn to scale, show all essential details, and

be so made that they can be easily reproduced to provide

the necessary copies. Information required includes the

design purpose of the system: discharge densities and period

of discharge; hydraulic caleulations; details of tests of avail-
able water supply; detailed layout of the piping and of the
heat-responsive operating equipment; type of discharge de-
vices to be installed: location and spacing of discharge de-
vices; pipe-hanger installation details; location of draft
curtains; an accurate. and complete layout of the buildings
or hazards to be protected; and other pertinent data to
provide a clear explanation of the proposed design.

2811. In addition to the items listed in 2810, plans

and specifications shall indicate the quantity and type of

air foam producing material to be stored, including the
quantity in reserve; and the concentration designation, such
as 3 percent or 6 percent.

282, The specifications shall include the specific tests that
may be required to meet the approval of the authority hav-
ing jurisdiction and should indicate how costs of preparing
the area, testing, and cleanup is to be borne. :

283. Complete plans and detailed data describing pumps,
drivers, controllers, power supply, fittings; suction and dis-

charge connections, and suction conditions shall be submit-

ted by the engineer or contractor to the authority having

Jjurisdiction for approval before installation.

2831, Charts showing head, delivery, efficiency and
brake horsepower curves of pumps shall be furnished by
the contractor, . '

INSIDE HAZARDS, ROOMSE, ETC, 11-29

2832.  Controllers governing the starting of electrie
driven concentrate pumps shall be of approved types. Where -
contro! equipment listed by a nationally recognized testing
laboratory for fire-protection service is not available, suit-
able listed industrial-control equipment with adequate
interrupting capacity in accordance with NFPA Standard
for the Installation of Cenirifugael Fire Pumps (No. 20)
may be used. :
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CHAPTER 3.
FIXED SYSTEMS FOR EXTERIOR STORAGE TANKS

*300. General

301. ScopE: This chapter contains requirements which
apply specifically to the several types of foam systems used
for the protection of outdoor atmospheric storage tanks
containing flammable and combustible liquids by means of
fixed foam discharge outlets; System design shall be based
on the maximum solution flow for protecting a single tank.

Nore: Tanks eontaining Class III liquids are not, as a rule,
required to be protected by foam. Foam Protection for Class II1
liquids may be desirable where abnormal situations exist, such as
storage of high value stocks or liquids heated ahove their flash
point,

*302. = DEFINITIONS:

(2) FIxXep FoaM DISCHARGE OUTLET: A device
permanently attached to a tank by means of which foam
is introduced into the tank.

(b) TyYPE I. DISCHARGE OUTLET: An approved
discharge outlet which will conduct and deliver foam gently
onto the liquid surface without submergence of the foam
or agitation of the surface.

(¢) TYPE II. DISCHARGE OUTLET: An approved
discharge outlet which does not deliver foam gently onto
the liguid surface but is designed to lessen submergence of
the foam and agitation of the surface,

(d) SUBSURFACE' FOAM INJECTION: Discharge of
foam into a storage tank from an outlet at the tank bottom
or below the liquid surface.

(¢) TFIXED INSTALLATIONS: These are complete in-

stallations piped from a central foam house to the tanks,

-discharging through fized delivery outlets on the tanks
Any required pumps are Permanently installed.

()
(1)

SEMI-FIXED INSTALLATIONS:

- ates at a safe distance from the tanks. The fixed piping

installation may or may not include a foam maker. Neces-

The type in which tanks are equipped with
fixed discharge outlets connected to piping which termin-.
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sary foam-producing materials are transported to the . |

scene after the fire starts and are connected to the piping.

(2) The type in which foam-producing solutions
are piped from a central foam house through the area, the
solution being delivered through hose lines to portable foam

towers which are erected after the fire starts (Chapter 4) ;.

or applied by hose streams (Chapter 5).

310.

_811. RATES: The minimum delivery rate shall be ag
follows:

3110, To TANKS CONTAINING LIQUID HYDROCARBONS:

(a) For air foam systems, the foam solution deliv-
ery rate shall be at least 0.1 gpm/sq. ft. of liquid surface
area of the tank to be protected.

(b) For dry powder chemical foam generator 8ys-
tems the water rate to the generators shali be at least 0.1
gpm/sq. ft. of liquid surface area of the tank to be pro-
tected. '

(¢) For chemical foam systems with stored solu-
tions, delivery rate shall be at least 0.05 gpm of “A” soli-

Foam Application.

tion and 0.05 gpm of the “B” solution for each square foot-

of liquid surface of the tank to be protected.
Note 1: Flammable liquids having a boiling point of less than
100° F may require higher rates of application. Suitable rates.
of application should be determined by test.

Note 2: For high viscosi:ty liquids heated ahove 200° F, lower

initial rates of application may be desirable to minimize frothing

and expulsion of the stored liguid. Judgment must be used'in
applying foams to.tanks containing hot oils, burning asphalts or
burning liquids which are above the bo g point of water:
Although the comparatively low water content of foams can
beneficially cool such Hquids at a slow rate, it can also cause
violent frothing and “slop over™ of the contents of the tanks..

*3111. To TANKS CONTAINING OTHER FLAMMARBLE

AND COMBUSTIBLE LIQUIDS REQUIRING ' SPECIAL FoaMms:

Water soluble and certain flammable and combustible
liquids and polar solvents which are destructive to regular
foams require the use of “alcohol” type: foams. Systems
using these foams require special engineering consideration.
Conditions other than routine may require that higher ap-
plication rates be used. In all cases, the manufacturer of
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the foam concentrate and the foam-making equipment
should be consulted as to the limitations and for recommen-
dations based on listings or specific fire tests.

The following are minimum recommended application rates:

SOLUTION RATE

TYPE OF LIQYID gpm/sq. #.
Methyl and ethyl aleohol ... 0.1
Acrylonitrile . 0.3
Ethyl. acetate 0.1
Methyl ethyl ketone 0.1
Acetone breannine svsesnnr 0.15
Butyl alcohol 0.15
Isopropyl ether ..., 0:15

Products such as isopropyl alcokol, methyl isobutyl ketone,
methyl methacrylate monomer; and mixtures of polar sol-
vents in general may require higher application rates.
Protection of products such as amines and anhydrides,
which are particularly foam destructive, require special
congsideration.

Nore 1: The solvent and fire resistance of “alcohol” type. air
foam may be adversely affected by such factors. as excessive
solution -transit time, the use of foam-making devices not spe-
cifically designed or adequately tested for a particular ‘‘Aleohol”
foam application, operating pressure, failure to maintain propor-

" tioning within the recommended concentration limits, the method
of application and the characteristics of the particular solvent
to which the foam is to be applied. :

Solution transit time, that is the elapsed time bhetween injee-
“tion of the foam concentrate into water and the induction of air,
may. be limited, depending on the charactemistics of the foam
concentrate, the water temperature, and the nature of the
‘hazard protected. The maximum solution transit time of each
specific installation shall be within the limits established by the
manufacturer.

Note 2: For protection of combustible or flammable liquids
which are highly toxic, high application rates may be desirable
to reduce respiratory hazard to personnel by providing for more

"rapid coverage of the tank contents.

320. Supply of Foam-Producing Materials,

*321. GENERAL: BSupplies to be maintained shall be
the sum of the quantities defined in 323, 824, 325 and 326.

322. MINIMUM DISCHARGE TIMES: The system shall
be capable of operation at the delivery rate specified in 311,
for the tank to be protected, for the following minimum
- periods of time. If the apparatus available has a delivery
rate higher than specified in 311, proportionate reduction
in the time figures may be made, except that they shall not
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“be less-than 70 percent of the minimum discharge times

shown,.

TYPE OF FOAM
DISCHARGE OUTLET
FOR TANKS CONTAINING LIQUID HYDROCARBONS TPEL TYPE NI
Lubricating  oils; dry viscous residuum (more than 50 seconds
Sayboh~Fur%| at 122 F); dry fuel ocils, efc., with flash point
above 200°F ot ettt 15 min. 25 min,

Kerosens; light furnace ofls, diesel fuels; etc. with flash point

from 100F 10 200%F ......vrveverereenrsessserssesemssissssssssssssossssssmseomeesnnnos 20 min:. . 30" min.
Gasoling; noaphtha, benzol and similar liquids with flash point
below 100°F ... A P 30 min. 55 min.

Crude petroleum

..... 30 min. 55 min.

REQUIRING -SPECIAL FOAMS '
FOR TANKS CONTAINING OTHER FLAMMABLE AND COMBUSTIBLE LiquiDs

“Alcohol™ type foams.require gentle application by Type | devices unless listed
as suitable for application by Type 11 devices. The operalion time shall be 30 min-
utes cf the specified application rate; unless the manufacturer of the foam czoncen-
trale has established by fire test that a shorter time can be parmited,

+3221. DRY POWDER CHEMICAL FOAM GENERATOR CoN-
SUMPTION RATES: For the purpose of the ahove tables, it
shall be assumed that dry powder generators {(dual or
single powder type) consume 1.25 lbs. of powder per gallon
of water. Whe_re “listings” of dry powder generators and.
powder by nationally recognized testing laboratories. show

- powder consumption less than 1.25 Ibs. per gallon of water,

such lower figure may be used when the generator is used

-in the manner on which the listing was baged.

823. REQUIREMENTS FOR TANKS: The quantity of
foam-producing material shall be determined by multiply-
ing the total flow in gallons per minute for each tank by the
appropriate time in 322. The largest resulting value shall
determine the quantity required. .

- *324. SUPPLEMENTARY FoaM HoSE STREAM REQUIRE-
MENTS: Approved foam hose stream equipment shall be
provided in addition to tank foam installations as supple-
mentary protection  for small spill fires. The minimum

pumb_e'r of ﬁj_:_ed or portable hose streams required shall be
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as specified in the following table, and shall be conveniently
located to provide protection of the area. For the purpose
of this requirement, the equipment for producing each foam -
hose stream shall have a solution rate of at least 50 gpm.

Hose stream delivery quantities shall be in addition to
quantities required for tank areas. Additional foam-pro-
ducing materials shall be provided to permit operation of
the hose stream equipment simultaneous with tank foam
installations specified for the period set forth in the follow-

'ing-table:
Minimum number of  time*

hoss streams Minimum

Dismetor of largest tank required operating

up 1o 35 . 1 10 min.
over 35 to 65 fr.. 1 20 min,
over 65 to 95 f. 2 20" min,
over 95 to 120 ft. 2 30 min,
over 120 ft, 3 30 min.

*Based on simultaneous operation of the minimum number of 50
gpm hose streams required. Adjustments may be made where streams
of greater capacity are provided..

Note: In the case of alcohol type air foam solution transit
time limitations may reguire the use of separate water and foam
concentrate lines and that the introduction of the foam liguid.
concentrate be accomplished close to the foam nozzle rather glan
in the central foam house,

325. REQUIREMENTS To FILL PIPE LINE: A quantity
of foam-producing materials sufficient to produce foam or
foam solutions to fill the feed ‘lines actually installed be-
tween the source and the most remote tank shall also be
provided. Where a water supply source will continue after
the foam-producing material is: depleted and displace the
solution or foam from the lines to the tank, no added quan-
tity is required by this paragraph. :

826. RESERVE SUPPLY OF FOAM-PRODUCING MATE-
RIALS: There shall be a readily available reserve supply of
foam-producing materials sufficient to meet design require-
ments in order to put the system back into service after
operation. This supply may be in separate tanks or com-

. partments, in drums or cans on the premises, or available

from an approved outside source within 24 hours,
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330. Foam Discharge Outlets.

*331. FIXED DISCHARGE OUTLETS: For the protection
of a flammable liquid contained in 2 storage tank, discharge
outlets: shall be attached to the tank. Where two or more
discharge outlets are required, the outlets shall be equally
spaced around the tank periphery and each outlet shall be
sized to deliver foam. at approximately the same rate, Fixed
discharge outlets shall be securely atfached at the top of the
shell and so-located or connected as to pbreclude the possi--
bility of the tanks overflowing into the foam lines. They
shall be securely attached so that displacement of the roof
is not likely to subject them to serious damage,

(a) Tanks shall be provided with approved: dis-
charge outlets as set forth below:

TANK DIAMETER — FEET MINIMUM NUMBER
{or equivalent args) DISCHARGE OUTLETS

up to B0 . . 1
over B0 to 120
over 120 to 140
over 140 1o 160
over 160 to 180
OVer 180710 200 ooivirormseeecensussisssnanssrissnasssmmsessssasstrssssossssssssmnens s

Nore: It is suggested that for tanks above 200 feet in diam-
eter, at least one additional discharge outlet be added for each
add1t10na_1.5000 8q. ft. of liquid surfaces. Sinece there has been-
no experience with foam application to fires in oil tanks over
140 feet in diameter, requirements for foam protection on tanks
above i}hls size are based on extrapolation of data from success-
ful extinguishments in smaller tanks. Tests have shown that foam
can travel effectively across at least 100 feet of burning liquid
surface. On large tanks, sub-surface injection may be used fo
‘reduce foam travel distances.

. (b) Fixed outlets shall be provided with an effec-
tive and durable seal, frangible under low pressure, to pre-
vent entrance of vapors into foam outlets and pipe lines:
Fixed outlets shall be provided with suitable inspection
means to permit proper maintenance and for inspection
and replacement of vapor seals, '

L - N Y

*3311. OPEN ToP FLOATING ROOF TANKS: Fixed out.

- lets are generally not required on open top floating roof

tanks. These tanks have an excellent fire record. Their design
has been for the purpose of fire prevention as well as for
conservation of product. It is usually possible to utilize

trained personnel to extinguish fires in the annular ring
~using ‘portable eqmpmenj;. There-_ar_e locations, however,
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where fixed protection may be desired because of value of
products stored, remoteness of installation, or lack of fire-
fighting personnel. Suggested methods: for providing fixed

foam systems for open top floating roof tanks will be found’

in'the Appendix.

*3812. COVERED FLOATING ROOF TANKS : Fixed outlets
are generally not required on covered floating roof tanks.

- The possibility of fire is greatly reduced in comparison with.

other types because of the Faraday Cage type construction
of this type of tank. In the event of fire, these tanks are diffi-

cult to extinguish using portable equipment. Fixed protection -

may be desired in certain locations because of value of prod-
ucts stored, remoteness of installations, or lack of fire-fight-
ing personnel. Suggested methods for providing fixed foam
systems for these tanks will be found in the Appendix.

NoTte: A “Faraday Cage” is a grounded metallic secreen com-
pletely surrounding a space or piece of equipment in order to
shield it from external electrostatic influence,

332. PORTABLE TOWERS: It is desirable that at least
one portable tower be provided as supplementary protection.
in the event that a fixed discharge outlet is damaged by an
explosion within the tank (see Chapter 4).

*883. SEMI-SUBSURFACE INJECTION METHOD: Infor-
matégn for the use of this method will be found in the Ap-
pendix,

334. HORIZONTAL ATMOSPHERIC AND PRESSURE TANKS:
Fixzed outlets are not recommended discharging into hori-
zontal or pressure tanks.

340. Foam System Piping
341. GENERAL REQUIREMENTS:

3411. All piping inside of dikes, and within 50 feet of
tanks not diked, should be buried under at least one foot of
earth but may be permitted above ground if properly sup-
ported and protected against mechanical injury.

8412. Piping which is normally filled with liquids,
such as the suction pipes, shall be protected from freezing
when necessary.

3413. Piping from the dike or within 50 feet of tanks
not diked to the tank foam discharge outlet shall be de-
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signed to absorb the upward force and shock due to a tank
roof rupture. Preferably, use steel pipe and all-welded con.
struction. One of - the following designs may be used:

(a) . When piping is buried, 2 swing joint or other
suitable means. shall be provided at the. base of each tank
riser.. The swing joint shall consist of a system of ap-
proved standard: weight steel, ductile; or malleable iron
fittings,

(b) When piping is supported above ground, it
should have upward and latera] Support as needed, but
shall not be held down a distance of 50 feet from the tank|
shell to provide flexibility in an upward direction so that a
swing joint is not needed. If threaded- connections occur
within this distance, they should be back welded for strength.|

(c) When tank risers are four inch pipe size or
greater, they can be welded to the tank by means of steel
brace plates positioned perpendicular to the tank and cen-
tered on the riser pipe. One brace shall be provided at each
shell course. This design may be used in liey of swing
joints or above ground flexibility as described above,

. -

each riser within five feet of the ground to permit hydro-

static testing of the piping system up to this joint.. With

gll welde((i1 construction, this may be the only joint that can
e opened.

3414, One flanged or union Jjoint shall be provided in

3415, In systems with semi-fixed equipment on fixed]

roof tanks, the foam or solution laterals to each foam chamber|

shall terminate in connections which are at a safe distance
from the tanks; outside of dikes and at least 50 feet from|.
tanks of 50 feet diameter or less, and one tank diameter from
the shell of larger tanks. The inlets to the piping shall be -
fitted with corrosion-resistant metal connections provided
with plugs or caps.

. 7842 PIPE LINES CARRYING FOAM: Pipe lines carry-
mg chemical or air foam shall be of such sizes and lengths

. as to deliver on the surface protected the required quantity

of foam of standard quality. The size ang length of dis-

- charge line used beyond foam-making equipment should be
- Ir-accordance with the conditions under which the device
_ bas been tested and listed. =~ = -




11-38 -, FOAM EXTINGUISHING SYSTEMS

valves, should be of the 0.S. and Y. or post indicator type.
The laterals to each foam chamber on fixed roof tanks shall
be separately valved outside the dike in fixed installations.
Control valves to divert the foam or solutions to the proper

tank may be in the ceniral foam house or may be at points

where laterals to the protected tanks branch from main feed
line. Control valves shall be located outside dikes and not
less than the following distances from the shell of the tank
which they serve: 50 ft. for tanks less than 50 ft. in di-

- ameter; one diameter for tanks 50 ft. in diameter or larger,
except that control valves may be permitted at less than

~ the above distances where adequately protected, subject to
the approval of the authority having jurisdiction. Where
two or more air foam proportioners or chemical foam gen-
erators are installed in parallel discharging into the same
outlet header, valves shall be provided between the outlet
of each device and the header. The water line to each alr
foam proportioner or chemical foam generator inlet should
be separately valved.

344. FoaM SYSTEM HYDRANTS: Centralized fixed
| piping systems shall be provided with hydrant outlets for
foam hose streams for supplementary use on spill fires, sup-
plying portable fowers, ete. In lieu of foam (or solution)
hydrants, water hydrants and portable generators or other
devices acceptable to the authority having jurisdiction may
be provided. The minimum number of hydrants, each with
at least one outlet, shall be located 50 to 250 feet distance
from the shells of tanks protected, as set forth below:

Minimum Number of
Hydrants Required

Up to &5 !
65 and over 2

. Tank. Diameter — Feet

350. Subsurface Foam Injection To Tanks Containing
Liquid Hydroearbons. _ :

*351. (ENERAL: Subsurface injection systems are not -
suitable for protection of products such as alcohols, esters, -
ketones, aldehydes, anhydrides, ete. Liquid hydrocarbons
that contain such products which are foam destructive may
require higher. application rates. The manufacturer of the
foam system should be consulted for recommendations. '

FIXEIl EYSTEMH FOR EXTERIOR TAN K& - 11-39
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Note: For pertinent- informati i i
erations, see Appendix A351. ation regardmg fire fighting op- -

#3511, FoAM-PRODUCING MATERIALS A'

) , { ND. E :
Fo.am:produ_cmg _-ma'terlals and equipment for %g{)l’sl\gffb;cr
;r{;ﬁgtlgn sh:il}?e hs’lcled for this purpose. Fluoroproteitel

oncentrates will provid i i
jection performance. P . ¢ satisfactory Subsurface -

352, RaTES: The minimum deliver
3. v rate. shall be 0.1
%?eﬁsq ft. of liquid surface_ area of. the tank to be pro-

353. SuPPLY OF | FoaM-PRODUCING MATE

. s ) A - TER :

;1%1?;11;11(111‘1;15113’531 sudpr)ihe:-‘:i t%) bgr maintained shall égLfﬁe 5,1}111?_
ies defin ' i

Tte. 395, 524 825, and 326, II Foam Discharge Out-

354. SUPPLEMENTARY FoAM HOSE S Ny
s SE STREAM AND Hy-
DRANT REQUIREMENTS: The minimum requirements fgr

. f . N -
atlyla&n_l;ife streams and hyd-rants shal1 be as specified. in 324

355. FoaM Di1SCHARGE QUTLETS: The di

) : isch. : -
into the tank may be the open end of a foam cdég\%eer;ultilr?z
or product line. Outlets shall be sized so that foam gen-

erator discharge pressure and foam velocity limitations are”

not exceeded. The foam velocity at the point i

not ex _ t of

i_r;to (ﬁhe tank contents shall not exceed fO fee‘g pgﬁgﬁg
foi ! }zlxss IB liquids and shall not exceed 20 feet per second
o other ty_pe liquids unless actual tests prove higher veloci-
ties are satisfactory. (See Appendix A-3561). | '

- Where two or more _outlets are required, they should be

equally spaced. around the tank peri

: 1 periphery g :

iggéﬂdee sized to deliver foam at -approximalr,lt(}ﬂ;ag}}:é oSu;Il_;le;

e or even foam distribution, outlets may be shell con-
ions or may be fed through a pipe manifold within the

_ _-tank from a single shell connection. Shell connections may

made i T e p 1 5
t?‘l_nk _n_OZZIll eglquay.cwerg ratﬁér than msta,.ll.mg additional

- 3551, - Tanks shall be -provi_ded Wiﬂ:h‘discharge. outlets

“’ set forth on next page.




© Qver 140 to. 160

R R P P

1140 FOAM. EXTINGUISHING SYSTEMS
—_— 2 T N L~ -
MINIMUM HUMBER OF DISCHARGE
- OUTLETS REGUIRED
CLASSES IC, N1 & I
TANK DIAMETER — FEET CLASS B LiQuiDs L1QuiDs

Up to 80
Qver 80 to 120

Over 120 to 140

Over 180 to 180
Over 180 to 200 )
Over 200 add one inlet for each additional 5000 sq. ft. 7500 sq. ft.
Notg 1: Class IA Liguids require special consideration.
NoTe 2: The above table is based on extrapolation of fire test
data on 25, 93 and 115 foot diameter tanks containing gasoline,
crude and hexane, respectively.
NoTE 3: The heaviest fuels which have been extinguished by
subsurface injection correspond In viscosity to number 6 fuel oils.
In addition to the control provided by the smothering effect of
 the foam and the cooling effect of the water in the foam which
reaches the surface, fire control and extinguishment may be fur-
ther enhanced by the rolling of cool product to the surface. No
known tests have been conducted on products having a higher
viscosity than a number 6 fuel oil.

'3552. FoAM DISCHARGE OQUTLET ELEVATION: Foam

BN —
[FRSRR R

discharge outlets should be located above an established

water bottom, if possible. Otherwise, if it is established.
that there is a water bottom in the tank above the foam

discharge outlets, it should be drained to below the point

of foam injection prior to putting the foam system into
operation. If this is not accomplished, efficiency will be
reduced as a result of dilution of the foam, prolonging or
preventing. extinguishment.

356. FoaM SYSTEM PIPING

*3561. PIPELINES CARRYING Foam: The sizes and
lengths of discharge pipe or lines used beyond the foam-
maker shall be such that the back pressure is within the
range of pressures under which the device has been tested

_and listed by nationally recognized testing laboratories,

86562, VALVES IN SYSTEMS: In addition to the require- -

ments specified in 3430, each foam delivery line shall be
provided with a valve and check valve unless the latter is
an integral part of the high back-pressure foam-maker or
pressure foam generator to be connected at time of use.
When product lines are used for foam, product line valving
shall be arranged to ensure foam enters only the tank to
be protected. , : :
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CHAPTER 4. PORTABLE TOWER SYSTEMS
FOR EXTERIOR STORAGE TANKS .

100. General.

401, Scort: This chapter relates to those syst in
which the - foam is applied through zln.pprovesysiut;ﬁ:bllre1
Eowerfa ;tvshich are placed in operating position after the

re § .

Note 1: Generally, portable towers are to be ry irn-
ited in use. Portable tower systems require :gggsieigiﬁ?yl m1;10
tankage, and an adequate number of men to place and maintsin
the apparatus in operation; and in some cases, special truck units-
for the ready transportation of the equipment to the location of
the fire. The adequacy of a portable tower system, subject to
the approval of the authority having jurisdiction, shall be based
upon the _number and availability of the men and equipment
to extinguish a possible fire. On tanks over 200 ft. diameter, the
use of portable foam towers may not be practical, due to the
amount of equipment and number of men needed to meet re-
quirements.

Note 2: Tanks containing combustible liquids (at or above
140° F. flash point) are not, as a rule, required to be protected
bﬂ foam. Foam protection for combustible liquids may be desir--
able where abnormal situations exist, such as storage of high
value siocks or liquids heated above their flash. point..

*402. DEFINITIONS:

(a). PoRTABLE FoaM TOWER: A device which i
brought to the scene of the fire, erected and placed ig DI],S_
eration for delivering foam to the burning surface of a
tank after the fire starts. Portable foam towers may be
equipped with either Type I or Type II discharge outlets.

(b) PORTABLE INSTALLATIONS: The type in which
the foam apparatus, foam-producing materials, hose, ete.,
are transported to the scene after the fire starts, the foam
being delivered to the tank by portable towers. .

410. Foam Application.
411. RaTES: The minimum rate of delivery to por-

"table foam towers shall be as specified in 311.

420, Supply of Foam-Producing Materials.

421, GENERAL: The supplies to be maintained shall
2; ﬁtgle sum of the quantities defined in 4230, 4240, 4250 and
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422. MINIMUM DISCHARGE TIME: The system shall # 424. SUPPLEMENTARY FoaM HOSE STREAM AND Hy-
be capable of operation at the delivery rate specified in. | DRANT REQUIREMENTS: The minimum' requirements for
411 for the following minimum periods of time, If the hose streams and hydrants shall be as specified in 324
apparatus available has a delivery rate higher than that : and 344, -

specified in 411, proportionate reduction in the time fig-
ures may be made, except that they shall not be less than
70 percent of the minimum discharge times shown.

426. REQUIREMENTS T0 FILL PIPE LINES: These
shall be the. same as specified in 325.

: 426. RESERVE SUPPLY OF FOAM-PRODUCING MATE-
TYPE OF PORTAB : RIALS: There shall be a reserve supply of foam-producing

‘ FOAM TOWER . E . ", .
FOR TANXS CONTAIHING LIQUID HYDROCARBONS Type |  Type H ; materials the same as specified in 326.
Lubricating. oils, dry viscous residuum (more than 50 seconds ]
Saybolt-Furol af 122°F), dry fuel oils, etc. with ash point 4 430. Foam Towers.
above 200°F 25 min. 35 min. e
Kerosens, light furnece oils, diesel fuels, efc., with flash point . 431. NUMBERS REQUIRELD: Towers .Shall be available
from 100°F te 200°F 30 min. 50 min. : in the proper number and size as to deliver foam on the
bG:‘sc::VI:ne}, Ogg;hfha, benzol and similar liquids with flash point 55 min. 85 min '. burning liquid surface at a rate to meet the requirements
s‘. " Crude petroleum ; 55 min. 65 min. of 411 and as set forth below:
H ' ER —F . :
a b T v : : oA Towen
i : )
FOR TANKS CONTAINING OTHER FLAMMABLE & ' :5,,’°,,§",° 120 X ;
é COMBUSTIBLE LIQUIDS REQUIRING over 120 to 140 °- :
: SPECIAL FOAMS: over 140 to 160 a
: . . . over 160 fo 180 5
P “Alcohol” type foams require gentle application by Type I over 180 to 200 &
: outlets unless listed as suftable for application through © Nore 1: When two or more towers are required, they shoul
i Type 11 de\flces. Thg operation time shall be 56 minutes be sized to deliver foam at approximately the same “53;.5 ould
b at the specified application rate, unless the manufacturer Note 2: Since there has been no experience with i
H i : * W1 oam -
o}f1 1;111; fciy;gm concetrjltrate has established by fire test that a cation to fires in oil tanks over 140 feet in diameter. re;llj'l?re_
; shorter time can be permitted. : ments for foam protection on tanks above this size are based
1 . on t]zlxtmpolation of data from. successful extinguishments in
4 smaller tanks. .

4221. DRY POWDER CHEMICAL FOAM GENERATOR CON-
SUMPTION RATES: For the purpose of the above tables, it
shall be assumed that dry powder generators (dual or sin-
gle powder type) consume 1.25 lbs. of powder per gallon
of water. Where listings of dry powder generators and
powder by nationally recognized testing laboratories show
powder consumption less than 1.25 tbs. per gallon, such
lower figure may be used when the generator is used in
the manner on which the listing was based.

423, REQUIREMENTS FOR TANKS: The quantity of
foam-producing material shall be determined by multiply-
ing the total flow in gallons per minute for each tank by
the appropriate time in 422. The largest resulting value
shall determine the quantity required. o o
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CHAPTER 5. SPRAY FOAM SYSTEMS FOR
EXTERIOR PROTECTION.

 500. General.

*501. ScoPE: This chapter relates to systems dis-
charging air foam in a spray pattern that can be effectively
used to extinguish spill fires under or around process struc-
tures and equipment, horizontal tanks and. small vertical
tanks. These systems relate to spray discharge of air foam
only. Some foam spray systems and devices are not de-

- signed to produce effective water patterns for cooling pur-

poses. For system design criteria for discharge of both
water and foam, refer to NFPA No. 16, Standard for In-
stallation of Foam-Water Sprinkler and Foam-Water Spray
Systems.

Note 1: Spray foam applied externally to tanks or vessels
has the added advantages of cooling and insulating the tanks or
vessels while the spill fire is being extinguished.

Foam is not considered an effective agent for extinguishment
of three-dimensional rumning flammable liquid fires. However, .
in the event of such a fire, the foam can effectively cover and
control the pool fire beneath the running fire thus facilitating
approach and extinguishment by other means.

Note 2: These systems may also be used to protect small
ope;lt;top tanks having a liquid surface area not exceeding 200
8q.

510. Foam Application.

511. RATE: The minimum rate of foam solution ap-
glication shall be 0.16 gpm/sq. ft. the maximum potential
re area.

520. Supply of Foam-Producing Materials,

521. GENERAL: Supplies to be maintained shall be
the sum of the quantities defined in 522 and 528.

522. OPERATING SUPPLY: There shall be a quantity
of foam-producing materials sufficient to supply the system
at the design rate for a period of ten (10) minutes. If the

-gystem discharges at a rate above the minimum specified
in 5il1, then the operating time may be reduced propor- -

tionately, but shall not be less than seven (7) minutes.
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523. RESERVE SUPPLY: There shall be a reserve sup-
ply of foam-producing materials in accordance with 326;

530. Foam Discharge Outlets.

531. NUMBER AND LoOCATION: There should he a
minimum of one (1) discharge outlet per hundred (100)
square feet of protected area unless listing of discharge de-
vices indicates a larger spacing is permitted. These outlets
should be located so as to provide good distribution through-
out the protected area. However, an added advantage is

gained by locating the outlets so that the foam discharge

envelops the equipment within the protected area. There-
fore, the discharge outlets may be concentrated over closed
tanks or equipment rather than being evenly spaced
throughout the protected area. These outlets are then lo-
cated in plan and elevation to provide the most effective

.protection of the hazard.

540. Operation.

541. AUTOMATIC OPERATION: Foam systems of this
type should be automatic in operation. This may be ac-
complished by use of listed fire detectors installed in ac-
cordance with their accepted spacing rule for outdoor ap-
plications, and connected to a deluge valve and other equip-
ment to make a complete system. The requirements of 2120
and 27 shall be complied with where applicable.

542. MANUAL OPERATION: Where manually operated
systems are used, the controls shall be located in an accessi-
ble place, sufficiently removed from the hazard so that they
may be safely operated in an emergency. The location and
purpose of the control shall be plainly indicated.

550. Foam System Piping.

551, GENERAL REQUIREMENTS: a) Piping which
wilt normally be filled with liquid shall be protected against
freezing when necessary. b) The requirements of Section
26 shall be complied with where applicable,

. BB2. Applicable parts of Chapter 3 of the NFPA
Sta_ndqrd for the Installation of Sprinkler Systems (No,
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- . _ . e o

1?3) shall be consulted for requirements applicable to piping,
valves, pipe fittings, and hangers, ineluding corrosion-pro-
tection coatings (galvanizing or other means). In these

open-head systems, galvanized pipe and fittings should be | CHAPTER 6. MONITOR AND HOSE NOZZLES FOR
used for normal occupancies. Corrosive atmospheres may - EXTERIOR PROTECTION

require other coatings. ) . _
Qince the systems herein covered are required to be

hydraulically designed, the pipe-size tables of NFPA Stan- 600.. General.

dard for Installation of Sprinkler Systems (No. 13) are _ A

not applicable. : N ;ﬁtgxlf SCOPE: 'Il‘hélg thchaptﬁrﬁ r:(llates- to gystems in
ipi Yryin ir- iqui trate | which the foam is appli rough fixed or portable monitor

shall5g§. blfclllcn:éelcaof c_asf ir?)llf. foam liquid  concent or hose nozzles. They are usually recommended. as auxiliary

protection in conjunction with fixed piping systems or
portable towers as specified in Chapters. 8 and 4. They are
suitable when used alone for extinguishment of spill fires,
diked area fires, and fires in small fixed roof atmosphere
storage tanks. Portable hose nozzles are also suitable. for
extinguishment of rim fires in floating roof tanks.

Note 1: Fires in tanks up to 130 feet in diameter have been
extinguished when the entire liquid surface was involved by use
of large capacity foam monitors. Depending on the fixed roof tank
outage and fire intensity, the up draft due to chimney effect may.
prevent sufficient foam from reaching the burning liquid surface
for formation of a blanket, Foam must be applied continuously
and evenly. Preferably, it should be directed against the inner
- tank shell so that it flows gently onto the burning liquid surface
£ : without undue submergence. This can be difficult to accomplish as
i ) adverse winds, depending on velocity and direction, will reduce the
5 effectiveness of the foam stream. Due to their limitations, monitors
should not be depended upon as a primary means of extinguish-
ment for fixed roof tanks over 60 feet in diameter, Monitors oper-
ated at grade usually are not recommended for floating roof rim
fire extinguishment because of the difficulty of directing foam into
the annular space. Fixed foam monitors may be instalﬁad for pro-
tection of drum storage areas or diked areas.

WO AT U TARAL T

NoTte 2: Foam hose streams are suitable as a primary means
of extinguishment of fires in tanks not over 30 feet in diameter
nor over 20 feet high, Foam hose streams can be used for float-
ing roof rim fire extinguishment when used from the tank wind
girder or roof.

Note 3: Large sgill fires have been extinguished by foam
monitors and foam hose streams. In order to obtain maximum
flexibility due to the uncertainty of location and the extent of a
possible spill in large tank farms, portable or trailer-mounted
monitors are preferred to fixed foam systems. The procedure for
fighting dikes area fires is to extingnish or secure one area and
then move on to extinguish the next section, within the dike. This
technique should be continued until the complete dike arez has
‘been extinguished. Generally, trailer or portable monitors, in addi-
‘tion to a few foam hose streams, have been adequate in fighting
diked areas and other large spill fires.
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*602, DEFINITIONS: ' :_ ~ vents which are destructive to reguiayr foams require the-

_ - use of aleohol type foams: In general; alcohol type foams
o ol ik can o Tt oih (TS | s e SR nhe L sl o o

e 1 ! : .streams to spill fires of these liqui hen the liquj
nozzle reaction usually limits the solution flow to about 300 gg;%hs d(fes ,f’ot.e,ﬁg;ed 1 inch. For liq%‘ilégsif gf.lelateﬁ d:;%liﬁi,

gpm. . monitor and foam hose streams should. be limited for use

(b} Foam Mon1TOR STREAM: A large capacity with special alcohol type foams listed for Type II discharge.
foam stream from a nozzle which is supported In position § Systems using these foams require special engineering con-
and which can be directed by one man. A. solution flow of § sideration. In-all cases, the manufacturer of the foam con-
300 gpm or higher can be used. centrate and the foam-making equipment should be - con-

(c) Fixep MoNITOR (Cannon) : A device whichde-  }  gylted as to limitations and for recommendations based on
livers a foam monitor stream and is mounted on a stationary 3 listings or specific fire tests. The following are minimum
support at grade or elevated. The monitor may be fed solu- § recommended application rates.
tion by permanent piping or hose, .

{d} PORTABLE MONITOR (Cannon): A device which Solution Rafe
delivers a foam monitor stream and is on a movable support J' Type of Liquid gpm/sq. .
or wheels so it can be transported to the fire scene. ‘ Methyl and Ethyl Alcohol ‘ . 016

g o iF- Acrylonitrile. 0.16
' 610. Foam Application. ' ¥ Ethyl Acetate 0:16 -
5 ' 611. RATES: The minimum delivery rate for primary . k‘:;m,ahy] Ketone ... - 33;2
.protection based on the assumption that all the foam . Sutyl Alcoho! 0:24
3 reaches the area being protected shall be as follows: §~  lsopropyl Ether 0.24
: In determining total solution flow requirements, con- | : . .
sideration- should be given to potential foam losses from | Products such as isopropyl alcohol, methyl isobutyl ketone, methy!. methacrylate-

monomer, and mixtures of polar solvents in general may require higher application
rates. Protection of preducts such as amines and anhydrides, which are particularly -

wind and other factors as noted in 601 — Note 1.

6110, FoR LIQUID HYDROCARBONS : foam destructive, require special consideration.
(1) For tank protection the foam solution delivery 1
rate shall be at least 0.16 gpm/sq. ft. of liquid surface area 1 Nore 1: The solvent and fire resistance of aleohol type air
to be protected. foam may be adversely affected by such factors as excessive

I . - . solution transit time, the use .of foam-making devices not spe.
N:)D’PE 1: Flam.mab!e liquids having & pmh_ng point of less than cifically  designed or adequately  tested for g particular aleohol
100° F may require higher rates of application. Suitable rates of i foam application, operating pressures, failure to maintain pro-
application should be determined by test, Flammable liquids with . portioning within the recommended concentration limits,~ the
a wide range of hoiling points ean develop a heat layer after method of application and the characteristics of the particular
prolonged burning: and then may require -application rates of solvent to which the foam is to he applied.
-2 gpm per square foot or more,

. . : . ] . Solution transit time, that is, the elapsed tirﬁe between injec-
trNOTFT" 2t lggre e hou.lfx be ta%:eln l;m lagplygng portable foam 1 - tion of the foam concentrate into water and the induction of air,
streams to high viscosity materials heated above 200° F. Juc_lg- may be limited, depen ding on the characteristics of the foan

: : s s . Ry concentrate, the water temperature, and the nature of the
Bclrlinnmt olgf a‘ggggrl.ts ;ﬁh%]i;?ﬁntghélqc%lgix-ﬁggegmloﬂm:rgtg;-e clc);:lltlelerzll% 1 _haza:rd protected. The maximglm_ so_lutlo_n fransit .t_ime of .each
of foams can beneficially cool. such. fuels at a slow rate, it can ; " ‘specific ingtallation shall be within the lmits established by the
also cause violent frothing and “slop over” of the contents of § ~  manufacturer. )
the tank, . _ ‘ ' :

; . - ..NoteE 2: For protection of flammable or combustible liquids
6111. For OTHER FLAMMABLE AND COMBUSTIBLE o & which are highly toxie, higher application rates may be desirabls

LIQUIDS REQUIRING SPECIAL FoaMS:  Water soluble  and . ~ ‘to reduce respiratory h

[ ) v azard to personnel by providing for more
certain flammable and combustible liguids and polar sol- - | Tapid coverage. - -
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620, : Supp_ly of Foam-Produecing Materials,

621. GENERAL: The supplies to be maintained shall
be the sum of the quantities defined in 623, 624, 625 and
62

622, MINIMUM DISCHARGE TIMES: The equipment

shall be capable of operation to provide primary protection.

at the.delivery rates specified in 611 for the following mini-
mum periods of time,

FOR TANKS CONTAINING LIQUID HYDROCARBONS -
Lubricating Oils; dry viscous residuum (more than 50 seconds: Saybo!t:-Furol

at 122°F); dry fuel ofls, efc., with Rash point above 200°F .....ocovoveeren 35 min,
Kerosene; light furnace oils, diesel fuels, etc, with flash point 100°F
to 200°F 50 min.

Gasoline; naphtha, benz';l, and simlar liquids with flash point below 100°F 65 min,
Crude petroleum &5 min,

FOR TANKS CONYAINING OTHER FLAMMABLE AND COMEBUSTIBLE L1QUIDS
REQUIRING SPECIAL FOAMS

“Alcohol” type foams require special application pll-oeedurer as discussed in
6111, The operation Hime shall be 65 minutes at specified application rate, unless

the manufacturer has established by fire fest that a shorter time can be permitted., .

FOR THE EXTINGUISHMENT OF SPILL FIRES

Where the primary purpose of the protfection is for extinguishiment of spili fires,
the  minimum discharge time shall be 10 minutes for fixed equipment. For portable
equipment, the minimum discharge time shall be 15 minutes. For protection of diked
areas designed to contain the contents of g storage tank, see Note 3 of Paragraph 601,

6221, DRY POWDER CHEMICAL FoAM GENERATOR CON-
SUMPTION- RATES: For the purpose of 611, it shall be as-
sumed. that dry powder generators (dual or single powder
type) consume 1.25 lbs. of powder per gallon of water,
Where “listings” of dry powder generators and powder by
nationally recognized testing Iaboratories show powder
consumption less than 1.25 Ibs, per gallon of water, such
lower figure may be used when the generator is used in the
manner on which the listing was based,

. 623. REQUIREMENTS FOR TANKS: The quantity of
foam-producing material shall he determined by multiply-
ing the total flow in gallons per minute for each tank by the
‘appropriate time in 622. The largest resulting value shall
determine the quantity required,

MONITOHR AND HOSE NOZZLES
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624. SUPPLEMENTARY HOSE STREAM AND HYDRANT
REQUIREMENTS: Additional foam hose streams and required
equipment shall be provided as supplemental protection for
ground fires at least as specified in 824 and 344,

. 62b. REQUIREMENTS TO Fml Pirg LINES:
shall be the same as specified in 325.

These

626, RESERVE SUPPLY OF FOAM-PRODUCING MATE-
RIALS: There shall be a reserve supply of foam-producing
materials the same as specified in 328..

630. Hose Requirements.

63l. UNLINED FaBRIC HOSE: Unlined fabric hose
shall not be used with foam equipment.
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CHAPTER 7. TESTS FOR THE PHYSICAL
' PROPERTIES OF FOAM

_ - *700. General: This chapter relates to the labora-

tory tests of foam concentrate or foam producing devices
when it is desired to correlate physical characteristics with
Hfire extinguishing properties.

*701. ScoPE: The appendix contains detailed lab-
oratory procedures for the sampling and analysizs of fire
 fighting foam. ‘ '
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{Mg It is seen that the 25 percent volume of 50 ml lies within the 2 to 3
minute period. The increment to be added to the lower value of

~two thinutes is found by interpolation of the data:

50.ml (25% Volume — 40 ml (2 min. Volume) 10
= — =05
60 ml (3 min. Volume) — 40 ml (2 min. Volume) 20

“Therefore, the 25 percent drainage time is found by adding 2.0
min. 4+ 0.5 min. and gives a final value of 2.5 min.

“In the handling of rapidly draining foams it must be remembered
that they lose their liquid rapidly and the expansion determination
must be carried out with speed and dispatch in order not to miss the

' 25 percent drainage volume. Itis recommended that the expansion

determination be deferred until the drainage curve data has been
recorded. The stop watch is started at the time the foam container

_ is filled and continues to run during the time required for recording

drainage rate data. .

A6320. Method for Determination of Film Forming Capability:

In this test a quantity of foam is placed upon the surface of
cyclohexane (a hydrocarbon liquid). The foam is swept from the
surface by insertion of a conical screen, and the exposed fuel surface
is tested for the presence of an aqueous film by probing with a flame.
If film is present the fuel will not sustain ignition; in the absence of
film sustained ignition will occur.

A stainless steel beaker of 1000 milliliter capacity (about 414-inch
diameter, 5 inch depth) is equipped with two metal clips at the upper
edge. These clips serve to secure an 80 mesh stainless steel conical
screen (5 inches height, 4%- inch diameter) during the test. The
procedure is as follows:

1. Place 600 ml of 98 percent (minimum) cyclohexane into the
stainless steel beaker. ‘

2. Fill the remainder of the stainless steel beaker with freshly

' generated foam.

3, Insert the conical screen, closed end of cone down, through

the foam. This sweeps the foam aside and exposes an apparently

‘bare cyclohexane surface. Fasten the cone with the ‘metal clips to
secure it.

4. After one minute hold a flame 14 inch above the cyclohexane
surface. Accumulated fuel vapor may flash, but if aqueous film has
formed it will prevent any sustained ignition of the cyclohexane.
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_ Standard on
Carbon Dioxide Extingvishing Systems
NFPA No. 12 — 1973

INTRODUCTION.

1. Purpose. This Standard is prepared for the use and
.guidance of those charged with the purchasing, designing, in-
stalling, testing, inspecting, approving, listing, operating or main-
taining carbon dioxide fire extinguishing systems, in order that
such equipment will function as intended throughout its life.

‘2. Scope. This Standard contains minimum requirements for
carbon dioxide fire extinguishing systems. It includes only the
necessary essentials to make the Standard workable in the hands
of those skilled in this field. Portable carbon dioxide equpiment
is covered in Standard for the Installation of Portable Fire Ex-
tinguishers, NFPA No. 10, and in Recommended Good Practice
for the Maintenance and Use of Portable Fire Extinguishers,
-NFPA No. 10A. Other associated NFPA standards involving
‘the use of carbon dioxide include the following:

No. 69 Inerting for Fire and Explosion Prevention.

No. 302 Motor Craft.

No. 306 Control of Gas Hazards on Vessels to be Repaired.

No. 403 Aircraft Rescue and Fire Fighting Services at Air-
ports and Heliporis. - . :

No. 409 Aircrait Hangars.

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

8. Arrangement. This Standard is ai-rangéd as follows: -
Introduction,
Chapter 1— General Information and Requirements.
Chapter 2-— Total Flooding Systems.
Chapter 3 — Local Application Systems.
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Chapter 4 — Hand Hose Line Systems. .
Chapter 5 — S_tﬁndpipe Systems and Mobile Supply.
Appendix A — Explanatory. o -
Appendix B — Examples of Hazard Protecfiqn;

Chapters '1 through 5 constitute the body éf_- the Sfand'ard :

and contain the rules and regulations necessary for properly design-
ing, installing, inspecting, testing, approving, operating and main-

taining carbon dioxide fire extinguishing systems. ..

' The-.Appendixes EOnt’ain educational and iﬁformative mate- -

rial that will aid in understanding and applying this__Stahdar_d.‘

4. Definitions. For purpose of clariﬂcat_i(.)-n, the following’

general terms used with special technical meanings in this Stand-
ard are defined: _ " :

AUTHORITY HAVING JURISDICTION ; The “authority

"having jurisdiction” is the organization, office, or individual re-
_sponsible for “approving” equipment, an installation, or a pro-

cedure. : - L _

Nors: The phrase “authority having jurisdiction” is- used in NFPA
standards in a bréad manner since jurisdictions and “approval’ agencies
vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federaI,..state,- local, or other
regional department or individual such as a fire chief, fire marshal, chief
-of a fire prevention bureau, labor department, health department, build-

ing official, eléctrical inspector, or others having statutory authority. For:

insurance purposes, an insurance inspection department, rating bureau,
or other insurance company representative may be the “a_.u_thont_y having
furisdiction.” : : : o

In many circumstances the property owner. or hig 'delegated agent
 assumes the role of the “authority having jurisdiction”; at government

instalfations, the commanding officer, or ‘a departmental official may be
the “aunthority having jurisdiction.” :

HicH PRESSURE is used to indicate that the carbon dioxide

is stored in pressure containers at atmospheric temperatures. At
70° V., the pressure in this type of storage is 850 psi. .

- Low Pressure is used to indicate that the carbon dioxide
is stored in pressure containers at controlled low temperatures,

-at 0° F, At 0° F., the pressure in this type of storage is 300 psi.

Other térmé" used Wifh-special'technical meaning are defined
or explained where they occur in the Standard,
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CHAPTER 1,
GENERAL INFORMATION AND REQUIREMENTS.
11. General Information.

111. Scope. Chapter 1 contains general information,
and the design and installation requirements for all features
that are generally commeon to all carbon dioxide systems.

*112, Carbon Dioxide. Carbon dioxide is a colorless,
odorless, electrically nonconductive inert gas that is a. suitable
medium for extinguishing fires.

1121. Carbon dioxide extinguishes fire by reducing the
concentrations of oxygen and/or the gasecus phase of the
fuel in the air to the point where combustion stops.

113. Use and Limitations. Carbon dioxide fite extin-
guishing 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 sys-
tems using other media. .

1131, All areas or parts of a hazard to which or from
which a fire may spread shall be simultaneously protected.

1132. Some of the more important types of hazards and

equipment that carbon dioxide systems may satisfactorily
protect include:

1. Gaseous and liquid flammable materials.

2. Electrical hazards such as transformers, oil
switches - and circuit breakers, and rotating equip-
ment.

3. Engines utilizing gasoline and other flammable fuels.

4. Ordinary combustibles such as paper, wood and
textiles,

S. Hazardous solids.

*1133. Carbon dioxide will not extinguish fires where the

following materials are actively involved in the combustion -

process. -

e e bt
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1. Chemicals containing their own oxygen supply such
as cellulose nitrate.

2. Reactive metals such as sodium, potassium, magne-
stum, titanium and zirconium.

3. Metal hydrides.

114, Types of Systems. There are four types of systems
recognized in this standard: : _ -

Total Flooding Systems.

Local Application Systems.

Hand Hose Line Systems.

Standpipe Systems and Mobile Supply.

1141. A ToraL FrLoopING SYSTEM consists of a fixed supply
of carbon dioxide normally connected to fixed piping with nozzles
arranged to discharge carbon. dioxide into an enclosed space or
enclosure about the hazard.

1142. A LocaL APPLICATION SyYSTEM consists of a fixed
supply of carbon dioxide normally connected to fixed piping
with nozzles arranged to discharge carbon dioxide directly on the
burning material,

1143. A Hawnp Hose LiNe SysTem consists of a fixed.

supply of carbon dioxide supplying hose lines.

1144. A Stawprire SysTEM AND MOBILE SuprLy 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 and/or hose lines that may be used for
either total flooding or local application.

J15. 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 involved i fire by_reason_of
their proximity, each hazard shall be protected with an in-
“dividual system with the combination arranged to operate
simultaneously or be protected with a single system that shall

~ he sized and arranged to discharge on all potentially involved
" hazards simultaneously..
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116. Package Systems (Kits). Package systems con-
sist of system components designed to be installed according

to pretested limitations as approved. or listed by a nationally

recognized testing laboratory.

1161. Package Systems may incorporate special nozzles,

flow rates, methods of application, nozzle placement, and.

quantities of carbon dioxide which may differ from those de-
tailed elsewhere in this Standard since they are designed for
very specific hazards. All other requirements of the Standard
apply.

1162. Package systems shall be installed to protect haz-
ards within the limitations which have been established by the
testing laboratories where listed.

12. Personnel Safety.

'*121. Hazards to Personnel. The discharge of large
amounts of carbon dioxide to extinguish fire may create haz-
ards to personnel such as oxygen deficiency and reduced visi-
bility. :

1211. ‘The dilution of the oxygen in the air, by the carbon

dioxide concentrations that will extinguish fire, may create at- °

mospheres that will not sustain life. Such atmospheres will be
produced in spaces protected by total fiooding and may be pro-
duced 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 with-
out any permanent ill effects when promptly removed from
such atmospheres. '

1212, large volume discharges of carbon dioxide may
seriously interfere with visibility during and immediately after
the discharge period.

*122. Safety Requirements. In any proposed use of
carbon dioxide where there is a possibility that men may be
trapped in, or enter into atmospheres made hazardous by a
carbon dioxide discharge, suitable safeguards shall be pro-
vided to insure prompt evacuation of and to prevent entry
into-such atmospheres and also to provide means for prompt
rescue of any trapped personnel. Such safety items as person-

nel training, warning signs, discharge alarms, pre-discharge

alarms and breathing apparatus shall be considered.

GENERAL INFORMATION AND REQUIREMENTS 12-11.

#123. Electrical Clearances. All system components shall
be.so located as to maintain standard electrical clearances from
live parts. See Appendix A-123 for a table of clearances:

' 13. Specifications, Plans and Approvals.

*131. Pufchasihg Specifications. Specifications for car-
bon dioxide fire extinguishing systems shall be drawn up with
care and with the advice of the authority having jurisdiction.

1311. The specifications should designate the authority
having jurisdiction and indicate whether plans are required.

1312. The specifications should state that the installation
shall conform to this Standard and meet the approval of the
authority having jurisdiction.

1313.. 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,

1314. These specifications should require the provision of
equipment listed for the use intended. '

132. Plans. Where plans are required, their preparations
shall be entrusted to none but fully experienced and responsible

_persons.

1321. These plans shall be drawn to an indicated scale or be
suitably dimensioned and shall be made so they can be easily
reproduced.

1322.. 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 detail on
the hazards shall include the materials involved in the hazards,
the location of the hazards, the enclosure or limits and isolation
of the hazards, and the exposures to the hazard.

1323. The detail on the syétem shall include information

- and calculations on the amount of COy; the location and flow

rate of each nozzle including equivalent orifice area; the location,
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size and equivalent lengths of pipe, fittings and hose; and the
location and-size of the CO; storage facility. Information shall be
submitted pertaining 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 should be adequately explained. .

133. Approval of Plans. Plans and calculations shall

* be submitted to the authority having jurisdiction for approval

before work starts,

1331. When field conditions necessitate any material

' change from approved plans, the change shall. be submitted to the

authority having jurisdiction for approval.

1332. When such material changes from approved plans are
made, corrected “as installed” plans shall be supplied to the owner-
and the authority having jurisdiction.

*134. Approval of Installations. The completed system
shall be tested by qualified personnel to meet the approval of the
authority having jurisdiction. These tests shall be adequate to
determine that the system has been properly installed and will
function as intended?' Only listed or approved equipment and
devices shall be used in the systems.

1, ~ Operation and Control of Systems.

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

1. Automatic Operation—Operation that does not re-
- quire any human action.

2. 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 Sub-section 1434,
Operation of one control shall be all that is required
to bring about the full operation of the system.

3. Emergency Manual Operation—Qperation of the sys-
tem by human means where the device used to cause
operation is fully mechanical in nature and is located
at or near the device being controlled. Fully mechani-
cal may incorporate the use of system pressure to
complete operation of the device.

Ml e e a1
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142. Detection of Fires. Fires or conditions likely to
produce fire may be detected by visual (human senses) .or by auto-
matic means.

1421. Reliance on visual detection shall be permitted only -
with permission of the authority having jurisdiction, where fires
or conditions likely to produce fire can be readily detected by
such means.

1422, Automatic detection shall be by any listed or ap- -

proved method or device that is capable of detecting and indi~
cating heat, flame, smoke, combustible vapors, or an abnormal:
condition in the hazard such as process trouble that is likely to

produce fire.

1423. An adequate and reliable source of energy shall be. -

used in detection systems.

148. Operating Devices. Operating devices include car-

bon dioxide releasing devices or valves, discharge controls, and

shut-down equipment, all' of which are necessary for successful
performance of the system.

1431. Operation. shall be by listed or approved mechanical,
electrical, or pneumatic means. An adequate and reliable source

of energy shall be used.

1432. All devices shall be designed for the service they will
encounter and shall not be readily rendered inoperative or suscep-
tible to accidental operation. Devices shall be normally designed to
function properly from —20° F. to 150° F. or marked to.indicate

temperature limitations.

1433. All devices shall be located, ins_tallc_:d or _suitably pro-
tected so that they are not subject to mechanical, chemical, or other
damage which would render them inoperative.

1434. The normal manual control for actuation shall. be
located so as to be conveniently and easily accessible at all times
including the time of fire. This control shall cause the complete
system to operate in its normal fashion.

1435. All valves controlling the release and distribution of
carbon dioxide shall be provided with an emergency manual
control. This does not apply to slave high pressure cylinders.
It is possible for the normal manual control to qualify as the
emergency manual control if the provisions of Section 141 are
satisfied. '

’
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“The emergency means, preferably mechanical, shall be easily

" accessible and located close to the valves controlled. If pos-

sible, the system should be designed so that emergency actua-

. tion can be accomplished from one location, This does not

apply-to slave high pressure cylinders.

1436. Manual controls shall not require a pull of more than
40 lbs. (force) nor a movement of more than 14 inches to secure
operation.

1437. 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 opera-
tion. '

1438. All shut-down devices shall be considered integral
parts of the system and shall function with the system operation. .

'1439. AH manual operating devices shall be identified as to
the hazard they protect.

- 144. 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 immediate indication of failure.

145. Alarms and Indicators. Alarms and/or indicators are

- used to indicate the operation of the system, hazard to person-

nel, 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
and/or indicator equipment shall be approved.

1451. An alarm or indicator shall be provided to show
that the system has operated, that personnel response may be
needed, and that the system is in need of recharge.

1452, An alarm should be provided to indicate the opera-
tion of automatic systems in case an immediate personnel re-
sponse is desired. ‘

1453. Alarms shall be provided to give positive Waming

of a discharge where hazard to personnel may exist. Such

G5 e, M:ﬁ R s it i
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alarms shall function to warn against pprsonnel entry into haz-
ardous areas as long as. such hazards exist or until such hazards
are properly recognized. See Article 12,

1454, Alarms indicating failure of supervised devices or

equipment shall give prompt and positive indication of any failure

and shall be distinctive from alarms indicating operation or haz-
ardous conditions. .

15. Carbon Dioxide Supply.

151, Quantities. The amount of carbon- dioxide in the
system shall be at least sufficient for the largest single hazard
protected or group of hazards which are to be protected simul-
taneously. '

1511. Where hand hose lines may be used on a hazard
protected by a' fixed system, separate: supplies shall be provided.
unless - sufficient carbon dioxide is provided to insure that the
fixed protection for the largest single hazard upon which the hose
lines may be used will not be jeopardized. See Section 411.

1512. Where continuous protection is required; the re-

serve quantity shall be as many mu!tip_les‘, of these minimum
amounts. as the authority having jurisdiction considers neces-
sary. See Section 153.

1513. Both primary and reserve supplies for fixed storage
shall be permanently connected to the piping and arranged for
easy change-over, except where the-authority having_ jurisdiction
permits an unconnected reserve. '

#152. Quality. Carbon dioxide used for initial supply
and replenishment shall be of good commercial grade, free
of water and other contaminants that might cause container
cotrosion or interfere -with free discharge  through nozzle
orifices. In general, carbon dioxide obtained by converting
dry ice to liquid will not be satisfactory unless it is properly
processed to remove excess water and oil. -

1521, The vapor phase shall be not less than 99.5 percent
carbon dioxide with no detectable off taste or odor. -

1522. The water content of.-the‘lhiquid phase shall 'qé-not
_more than 0.01 percent by weight (minus 30° F dew point).

1523. OQil content shall be not more than 10 p.p.m. by
w?_ight. ' y . : _ ’ .
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... 183.. Replenishment. The time needed to obtain carbonr
dioxide for, replenishment to . restore 'systems to operating

condition shall be considered as.a major factor in determining
- the reserve supply needed. ‘

‘184. Storage Containers. Storage containers and acces-
sories shall be so located and arranged that inspection, testing,
recharging and other maintenance is facilitated and interrup-
tion to protection is held to a minimum. '

1541.  Storage containers shall be located as near as possible
to the hazard or hazards they. protect, but they should not be lo-
cated where they will be exposed'to a fire or explosion in these
hazards. . . I o '

_ 1542 Storage'éoﬁtainers shall not be located so as to be
subject to severe weather conditions or be subject to mechani-
cal, chemical, or other damage. o

1543, When excessive climatic or mechanical exposures are
expected, suitable guards or enclosures shall be provided,

*155. 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

;engpe:atures, corresponding to a nominal pressure of 850 psi at
70°°F. - . ‘ '

1551, High.pres'sure containers - or cyiindets shall be con-
structed, 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, seam-

less steel cylinders. Charged cylinders shall be tested for tight-
ness before shipment in accordance with an approved procedure.

1552. .High pressure éyiinders used in fire extinguishing -

systems.shall not be recharged without hydrostatic test (and
remarking) if more than five years has elapsed from the date

of last test. Cylinders continuously in service without djs- o

charging may be retained in service 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. - - .~ -

- ¥ Secs. 178.36 and 178.37 of Title 49, Transportation, Code of Fed-
eral Regulations. Parts 171-190. (DOT). Available from the Super-

intendent of Documents, U. S. Government Printing Office, Washington,
D. C. 20401, '
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1553. Each cylinder shall be provided with a safety device to
relieve -excess pressures, safely in advance of the rated cylinder
test pressure. 1.C.C. approved, frangible safety discs shall be.
accordingly fitted.

1154. When manifolded, cylinders shall - be . adequately -
mounted and suitably supported in a rack provided for the pur-
pose 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.

. Individual cylinders shall be used having a standard
weigliftscszapacity of 5, 103,[ 15, 20, 25, 35, 50, 75 or 100 Ibs. of car-
bon dioxide contents except for special temperature charges:
See Sub-section 1556. In a multiple cylinder system, all cylin--
ders supplying the same - manifold outlet for distribution of "
agent shall be interchangeable and of one select size.

1556. The general ambient storage temperatures for (a)
local application systems-shall not exceed 120°F nor be less
than 32°F and (b) total flooding systems shz_ill not exceed
130°F nor be less than 0°F, 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.

*156. Low Pressure Storage Containers. Low pressure
storage containers shall be designed to maintain the c:_arbox_n dmx:dg
supply at a nominal pressure of 300 psi corresponding to a tem-
perature of approximately 0° F.

1561. The pressure container shall be made, tested, ap-
proved, equipped and marked in accordance with the current
specifications of the American Society of M‘echamqal Engi-
neers (ASME) Code for Unfired Pressure Vessels.* The de-
sign working pressure shall be at least 325 psi.

*1562. In addition to the code requi.rerpents, each pres-
sure container shall be equipped with a 11qu1d.1eve1 gauge, a
pressure gauge, and a high-low pressure supervisory alarm set
at approximately 315 and 250 psi.

. fired P ssuré Vessels for Petroleum - Liguids and -
' Gaséc(:‘fS?MfoEr; HEIERSME). Available from The American Society of
Mechanical Engineers, 345 East 47th Street, New York, New York
10017. 285 pages. . _




12-18 - CARBON DIOXIDE EXTINGUISHING BYSTEMS

1563. The pressure container shall be insulated and equipped
with refrigeration and/or heating means. if necessary. - Heating
need not be provided unless known meteorological data indicates
the occurrence of ambient temperatures which will cool the con-
tents of the lank sufficiently to reduce the pressure below 250
psi (approximately —10°F.),

1564. The refrigeration system shall be capable of main-
taining 0° I'. in the pressure container under the highest expected

ambient temperature. Operation shall be automatically controlled
within practical limits.

1565. The heating system when required shall be capable
of maintaining 0° I. in the pressure container under the lowest
expected ambient temperature. Operation shall be automatically
controlled within practical limits.

18. Distribution Systems.

161. Piping. Piping shall be noncombustible and shall
withstand the expected temperatures without deformation.
‘Copper or brass pipe or tubing may be used in corrosive at-
mospheres. In mildly corrosive atmospheres, steel pipe and
fittings shall be galvanized inside and out. Special corrosion-
resistant material or coatings may be required in severely cor-
rosive atmospheres. Because of the low temperatures encoun-
tered during discharge, the pipe and fittings used shall be made
of material having suitable low temperature characteristics.
Steel pipe conforming to ASTM Specification A-53 has been
found to have satisfactory low temperature characteristics.

*1611. Flexible piping (hose) shall be used only in accord-
ance with the listings of a nationally recognized testing labora-
tory for specific carbon dioxide fire extinguishing systems. It

“shall be inspected regularly and replaced at certain intervals.

1612.  Ordinary cast iron pipe and fittings shall not be used.

1613. 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
or higher, '
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*1614. In systems using high pressure supply, pipe and
fittings shall have a minimum bursting pressure of 5000 psi.

*1615. In systems using low pressure supply, pipe and
fittings shall have a minimum bursting pressure of _1800-psi.

162. Arrangement and Installation of Piping and. Fit-
tings. Piping shall be installed in accordance with good com-
mercial practices.

1621. 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.-

1622. 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 explo-
sions are possible, the piping system shall be hung from supports
that are least likely to be displaced. -

1623. 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.

1624. 1In- systems where valve arrangement introduces sec-
tions of closed piping, such sections shall be equipped: with
pressure relief devices or the valves shall be designed to prevent
entrapment of liquid carbon dioxide. The pressure relief- devices
shall operate between 2400 and 3000 psi on systems supphed_ with
high pressure storage, and at 450 psi 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.

1625. All pressure relief devices shall be of such design and
so located that the discharge of CO, therefrom will not injure -
personnel or be otherwise objectionable.
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Qrifice. Code:No.

Table 1. Equivalent Orifice Sizes.

Equivalent Single Orifice
Diameter — Inches

sEg

ek i b
atnbc

f—
o

2H8 NN

Equivalent
Single Orifice

Area-Sq, In,

0767
1105
- 1296
1503

1725
1964

-.2485

. 068
3712
4418

785
1.765
314
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183. Vialves. All valves shall be suitable for the. in-
tended 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.

1631. Valves used in systems with high pressure storage
and constantly under pressure shall have a minimum bursting pres-
sure of 6000 psi while those not under constant pressure shall
have a minimum bursting pressure of, at least, 5000 psi.

1632. Valves used in systems using-low pressure storage ..
shall withstand a hydrostatic test to 1800 psi without permanent
distortion.

1633. Valves shall not be subject to mechanical, chemical or
other damage.

1634. 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 syphon tube,
valve, discharge head ‘and flexible connector.

1684. 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. :

1641, 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.

1642, Discharge orifices shall be of corrosion-resistant
metal.

. 1643. Discharge nozzles used in local application systems

~ shall be so connected and supported that they may not readily.

be put out of adjustment.

1644. Discharge nozzles shall be permanently marked to
identify the nozzle and to show the equivalent single orifice
diameter regardless of shape and number of orifices. This.
equivalent diameter shall refer to the orifice diameter of the.
“Standard” single orifice type nozzle having the same flow rate
as the nozzlé in question. The marking shall be readily dis-
cernible after installation. The “Standard” orifice is an orifice
having a rounded entry with a coefficient of discharge not less
thay 0.98 and flow characteristics as given in Tables 2 and 3.
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Table 2. Discharge Rate Per Square Inch of Equivalent Orifice
.- Areatfor Low Presgure Storage (300 Psia).

Orifice Pressure. Discharge Rate -

psia . Lbs./Min./Sq. In.
300 4220-
290 2900
280 2375
270 2050 .
260 1825
250 . 1655
240 1525
230 1410
220 1305
210 1210
1125
190 1048
180 977
170 912
160 852
150 795
140 741
130 689
120 638
110 589
100 542

For equivalent orifice diameters; see Table 1. The orifice code

number indicates. the equivalent single orifice diameter in.

1/32-inch increments. A plus sign following this number indi-
cates equivalent diameters 1/64 inch greater than that indi-
cated by the numbering system (e.g., No. 4 indicates an equiv-

alent orifice diameter of 4/32 of an inch; a No. 4+ 9/64 of an
inch).

1645. Discharge nozzles shall be provided with . frangible

discs or blow-out caps where clogging by foreign materials is

likely. These devices shall provide an unobstructed opening upon
system operation.

_¥166. Pipe and Orifice Size Determination. Pipe sizes
and orifice aréas shall be selected on the basis of calculations to
deliver the required rate of flow at each nozzle.

1651. The following equation or curves developed there- -

from shall be used to determine the pressure drop in the pipe line:

(3647) (DS-28Y)
L + 808 (D12)

Qz:
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Where Q = Flow rate in Lbs,/Min.
‘ D = Inside pipe diameter (actual) in inches,
L. == Equivalent length of pipeline in feet,
Y&Z= 'Faétors depending on storage and line pressure:
Nore: For further explanation see Appendix A-165,

for High Pressure Storage (750 psia).

Orifice Pressure Discharge Rate

psia Lbs./Min./Sq. In.

750 4630
725 3845
700 3415
675 3000
- 2835

o 261
600 - 2425
575 2260
- 2115
gzsg 1985
500 . 1860 .

475 _ 1740 -
: 1620
125(51 _ 1510
* 400 1400
375 1290
1180

2 108
300 980
250 780
200 595

1652. For systems with low pressure storage, flow shall
be calculated on the basis of an average storage pressure of
300 psia during discharge. The discharge rate for equivalent
orifices shall be based on the values given in Table 2. Design
nozzle pressures shall not be less than 125 psia, ‘

1653. - For systems with high pressure storage, flow shall

be calculateéd on the basis of an average storage pressure of

750 psia during discharge for normal 70° F storage. The dis-
charge rate through equivalent orifices shall be based on the
values given in Table 3. Design nozzle pressure at 70° F stor-
age shall not be less than 200 psia. :

Table 3. Di ge Rate Per Square Inch of Equivalent Orifice Area
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17. Inspection, Maintenance and Instruction,

#171, Inspection and Tests. At least annually, all carbon
dioxide systems. shall be thoroughly inspected and tested for
proper operation by competent personnel, See. Section 173.

1711. The goal of this inspection and testing shall be not
only to insure that the system is in full operating condition but
shall indicate the probable continuance of that condition until the
next inspection.

1712, Suitable discharge tests shall be made when any in-
spection indicates their advisability.

1713. An inspecti'on report with recommendations shall
be filed with the owner,

1714. Between the regular service contract inspection or
tests, the system shall be inspected visually or otherwise by ap-
proved or competent personnel, following an approved schedule.

1715. At least semiannually, all high pressure cylinders
shall be weighed and the date of the last hydrostatic test
noted . (see Par. 1552). If, at any time, a container shows a.
foss in net content of more than 10 per cent, it shall be refilled
or replaced. ‘

1716. At least weekly the liquid level gauges of low pres-
sure containers shall be observed. If at any time a container
shows a loss of more than 10 per cent,; it shall be refilled, unless
the minimum gas requirements are still provided.

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

1721. Any troubles or impairments shall be corrected at
once by competent personnel.

173. Instruction. All persons who may be expected to
inspect, test, maintain, or operate carbon dioxide fire extinguish-
ing systems shall be thoroughly trained and kept thoroughly
trained in the functions they are expected to perform.

1731. Training programs approved by the authority having
jurisdiction shall be established to accomplish this.
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CHAPTER 2. TOTAL FLOODING SYSTEMS.

*21. General Information.

211. Description. A total flooding system consists of
a fixed supply of carbon dioxide permanently connected to fixed
piping, with fixed nozzles arranged to discharge carbon dioxide
into an enclosed space or enclosure about the hazard.

212. Uses. This type of system may be used where
there is a permanent enclosure about the hazard that is adequate
to enable the required concentration to be l?uﬂ_t up, and to be main-
tzined for the required period of time to insure the complete and
permanent . extinguishment of the fire in the specific combustible
material or materials involved. o ' Co :

2121. Examples of hazards that may be successfully pro-
tected by Total Flooding Systems include rooms, vaults, enclosed.
machines, ovens, containers, and the contents thereof,

- 213. General Requirements. Total flooding systems
shall be designed, installed, tested and maintained in accordance
with the applicable requirements in the previous chapter and with
the additional refuirements set forth in this chapter. '

22, ' Hazard Specifications.

291. Enclosure. Under this class -of -protection, a rea-
sonably well enclosed space is assumed in order to minimize the
loss of the extinguishing medium. The ‘area of allowable un-
closable openings depends upon the type of combustibles involved.

2211. For flash or surface-type fires such as will be pres-
ent with flammable liquids, the total square foot. area of un-
cinsable openings not exceeding 3 per cent of the cubic foot
volume of the space or 10 per cent of the total square foot area
of “all sides top and bottom of the enclosure, whichever is.
smaller, shall be compensated for by additional carbon dioxide
as specified in Sub-section 2351. If this area is exceeded the
system shall be tested to assure proper performance.

2212 For deep seated fires such as will be involved with
solids, unclosable openings shall 'be restricted to small open-
ings near or in the ceiling unless the system is tested to assure
proper performance, '
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2213.. To prevent fire from. spreading through openings.
to adjacent hazards or work areas which may be possible re-
ignition sources, such openings shall be provided with auto-
matic closures or screening nozzles. The gas required for
such protection shall be in addition to the normal requirement
for total flooding. See Sub-section 3436. Where such con-
finement of gas is impracticable, protection shall be extended
to include these adjacent hazards or work areas.

2214. 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 Sub-
section 3436 is required.

222, Leakage and Ventilation. Since the efficiency of
carbon dioxide systems depends upon the maintenance of an ex-
tinguishing concentration of carbon dioxide, leakage of gas from

_the space shall be kept to a minimum and compensated for by

applying extra gas. .

2221. Where possible, openings such as doorways, windows,
etc., shall be arranged to close automatically before or simul-
taneously with the start of the carbon dioxide discharge or Sub-
sections 2351 and 2441 shall be followed. ‘

2222. Where forced air ventilating systems are involved,
they shall be preferably shut down and/or closed before or simul-
taneously with the start of the carbon dioxide discharge or addi-
tional compensating gas be provided. See Sub-section 2352.

#223. Types of Fires. Fires which can be extinguished
by total flooding methods may be divided into two categories;
mamely, (1) surface fires involving flammable liquids, gases and
sotids and (2) deep seated fires involving solids subject to smold-
ering.

2231. Surface fires are the most common hazard particu-
larly adaptable to extinguishment by total flooding systems. They

_are subject to prompt extinguishment when carbon dioxide is
quickly introduced into the enclosure in sufficient quantity to

overcome leakage and provide an extinguishing concentration
for the particular materials involved. :

2232. For deep seated fires, the reguired extinguishing
concentration shall be maintained for a sufficient period of time
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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 immediately thereafter to make certain that.
extinguishment- is complete and to remove any material in-
volved in the fire.

#23. Carbon Dioxide Requirements for Surface Fires.

231. General. The quantity of carbon dioxide for:surface
type fires is based on average conditions assuming fairly
prompt extinguishment. A reasonable allowance for normal -
leakage is included in the basic volume factors but corrections
shall be made for the type material involved and any other |
special conditions.

232. Flammable Materials. Proper consideration shall be
given to the determination of the design concentration of car-
hon dioxide required for .the type of flammable material in-
volved in the hazard. The design concentration is determined -
by adding a suitable factor (20%) to the minimum effective
concentration.

2321. Table 4 gives the theoretical minimum carbon di-
oxide concentration and the suggested minimum design carbon
dioxide concentration to prevent ignition of some- common
lguids and gases..

2322. For materials not given in the above table, the
minimum theoretical carbon dioxide concentration shall be
obtained from some recognized source or determined by test.
Tf maximum residual oxygen values are available, the theoreti-
cal carbon dioxide concentration may be calculated by the
following formula:

(21-02)
21

70 COZ = X 100




Theoretical Minimum

Min: CO, Design CO,

Concen- ‘ Concen-

Material tration (%) tration (%)
Acetylene 55 66
Acetone 26* 3
Benzol, Benzene a 37
Butadiene k) 41
Butane 28 34
Carbon Disulphide 55 66
Carbon Monoxide 53 64
Coal-or Natural Gas 31* 37
Cyclopropane a 37
Dowtherm 3g+ 46
Ethane 33 40
. Ethyl Ether . 38« 46
Ethy! Alcohol 36 43
Ethylene 41 49

Ethylene Dichloride 21 25
_Ethylene Oxide 4“4 53
Gasoline 28 k" 3
‘Hexane 29 35
Hydrogen 62 74
. ‘Isobutane 30+ 36

Kerosene 28 H#
Methane 25 30
Methyl Alcohol 26 3
Pentane 29 - 35
Propane 30 36
Propylene 30 36
-Quench, Lube Oils 28 u
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"Table 4. Minimum Carbon Dioxide Concentrations
' for Extinguishment.

Nore: The theoretical minimum extinguishing concentrations in air-
for the above materials, were obtained from Bureau of Mines, Bulletin
503t. Those marked * were calculated from accepted residual oxygem-

Limits of Flammability of Gases and Vagpors (Bulletin 503, Bu-.
rean of Mines). Available from U. 8. Government Printing Oﬁice,_.
‘Washington, D. C. 20401 155 pages. :

933, Volume Factor. The volume factor used to deter
mine the basic quantity of carbon dioxide to protect an enclosurs
containing a material requiring a design concentration up. to. 34
per <cent shall be in accordance with Table 5. :

2331. In figuring the net cubic capacity to be protected, doe
allowance may be made for permanent nonremovable imperme®™
structures materially reducing the volume, ' '

™% lesy thap
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Table 5. Volime. Factors.

A) (C)
Volume of Space Volume Factor Calculated Quan,
(Co. Ft.Tncl) (Cu. Ft/Lb. COs) (Lb. COy/Cu. Ft)  Not Looe Than

Upto 140 14 072
41— 500 15 067 T
501 - 1600 16 063 ;(5}
1601 - 4500 18 - 056 1
4501 - 50000 y. 1) 050 223
Over. 50000 22 046 2500

2332. . As the average small space has proportionately more .. . -

boundary area per enclosed volume than a I

A c L arger space, greater
proportionate leakages are anticipated and acco r '
graded volume factors in Table 5.p . unted for by the_

2333. The least gas quantities for the small
- El t
tabulated in.order to clarify the intent of COll.lIflf] "éo‘gnm(fstl?tz:
avoid possible overlapping at borderline volumes.

2334. 1 ;
“free flow” n two or more interconnected volumes where
?::-d: q}llxantn;y shall be the sum of the quantities calculated
Tableag Ixtfolume, using its respective volume factor from
ration .(Seeorég \;plurréé 4-r)equ};}resi.l greater than normal concen-
. ¢ Dection , the higher concentratj '
used in all mterconnected volumeg. ration shall be

234 Material C i '
., ; onversion Factor. For ials
e : . mate -
(i ;lgng 2:1 c:f:sxgp concentration over 34 per cent, the basi(f l&iint?fy
hon 2’ b033_ shmﬁnde calculated from the volume factor given in Sec-
apnrone all be -increased by multiplying this quantity by th
Priate conversion factor given in Figure 1. ¥ -y ¢

ton diox; desl;;;;?lb Conditions. Additional quantities of car-
$tson thy € provided to compensate for any special con-

at
may adversely affect the extinguishing efficiency.
2351 A - ' '
o "'-’*'_*-!ﬂg\iish?hne{itop}fmngs that cannot be closed at the time
- 0s a(;l be compensated for:by the addition of
Frring, Thic g_ und of carbon -dioxide per square foot of-
mount of. carbon dioxide shall pe applied

of carbon dioxide can take place, the carbon di-
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Figure 1. Material conversion factors.

through the regular distribution system. See Sub-section
2211,

2352. For ventilating systems which cannot be shut
down, additional carbon dioxide shall be added to the space
through the regular distribution system in an amount com-
puted by dividing the volume moved during the liquid dis-
charge period by the flooding factor. This shall be multiplied
by the material ‘conversion factor (determined in Section 234)
when the design concentration is greater than 34 per cent.

¥2353. For applications where tlhe normal temperature of
the enclosure s above 200° T, a one per cent increase in the
calculated total quantity of carbon dioxide shall be provided
for-each additional 5° F above 200° F.

2354, For applications where the normal temperature of
the enclosure is below 0° F, a one per cent increase in the cal-
culated total quantity of carbon dioxide shall be provided- for
each degree below 0° F.
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2355 Under normal conditions, surface fires are usually -
extinguished during the discharge period. Except for unusual _
conditions, it will not be nccessary to provide extra carbon
dioxide to maintain the concentration. '

24, Carbon Dioxide Requirements for Deep Seated Fires,

241. General. The quantity of carbon dioxide for deep
seated type fires is based on fairly tight enclosures because the
concentration must be maintained for a substantial period: of
time to assure complete extinguishment. Any possible leakage
shall be given special consideration since no allowance is in-
cluded in the basic flooding factors. _ '

242. Combustible Materials. For combustible materials
capable of producing deep seated. fires, the required carbon dioxide
concentrations cannot be determined with the same accuracy pos-
sible. with surface burning materials. The extinguishing concen-
tration will vary with the mass of material present because of the °
thermal insulating effects, Flooding factors have, therefore, been
determined on the basis of practical test conditions,

2421. The flooding factors in Table 6 have been established -
for specific hazards under average use and storage conditions.

Table 6. Fleoding Factors for Specific Hazards.,

Flooding Factor
(Cu. (Lb.
Design Ft./Lb. COs/Cu.
Concentration COy) Ft.) Specific Hazard:

50 12 083 Dry electrical, wiring in-
sulation hazards in general.

50 10 .100 Small eélec. machines, wire
enciosures, under 2000 cu.
ft.

65 8 125 Record (bulk paper) stor-
age, ducts, and mechani-
cally ventilated covered
trenches,

75 6 166 Fur storage . vaults, dust
collectors,

2422, Flooding factors for other deep-seated fires shall be
justified to the satisfaction of the -authority having jurisdiction
before use, Proper consideration shall be given to the mass of
material to be protected because the rate of cooling is reduced by
the thermal insulating effects. C o
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243. Volume Consideration. The volume of the space

shall be determined in accordance with Sub-section 2331. 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 Section 242.

244, Special Conditions. Additional quantities of car-
Ton dioxide shall be provided to compensate for any special
condition that may adversely affect the extinguishing effi-
ciency. See also Sub-sections 2352, 2353 and 2354.

244]. Any openings that cannot be closed at the time of
extinguishment 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 Section 253. Also see Sub-section 2212.

25. Distribution System.

251. General. The distribution system for applying car-
bon dioxide to enclosed hazards shall be designed with due con-

sideration for the materials involved and the nature of the en-

closure since these items may require various discharge times
and rates of application.

*252. Rate of Application. The minimum design rate
of - application shall be based on the quantity of carbon dioxide
and the maximum time to achieve design concentration.

2521. TFor surface fires the design concentration shall be
achieved within one minute.

2522. For high pressure systems, if a part of the hazard

is to be protected by tota! flooding, the discharge rate for the

total flooding portion shall be computed as specified in Sub-
section 3323.

2523. For deep-seated fires the design concentration shall
be achieved within seven -minutes hut the rate shall not be less
than that required to develop a concentration of 30 per cent
in 2 minutes,
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253. Extended Rate of Application. Where leakage. is
appreciable 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

2531. This type of system is particularly applicable to en-
closed - rotating electrical apparatus, such as generators, motors
and convertors, but it may also be used on ordinary total flooding
applications where suitable. .

2532. The minimum design concentration shall be obtained
within the time limits specified in. Section 252.

2533. The extended rate of discharge shall be sufficient to
maintain the minimum concentration.

#2534, For enclosed rotating electrical equipment a mini-
mum concentration of 30 per cent shall be maintained for the
deceleration period, but not less than 20 minutes.

254. Piping Systems. Piping shall be designed in ac- '
cordance with Section 165 to deliver the required rate of
application at each nozzle. ‘

*2541. High pressure storage temperatures may range
from 0° F to 130° F without requiring special methods of
compensating for changing flow rates. See Appendix A.

255. 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.pur-
pose; and shall be located to achieve the best results.

2551. '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 explo-

sion; 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.
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26. Venting Consideration. .

- 261. General. The: venting of flammable -vapors and
pressure build-up from the discharge . of quantities of carbon
dioxide into closed spaces shall be considered. Venting of
flammable vapors is covered in Sub-section 2214 The pressure

venting consideration involves such variables as. enclosure

strength and injection rate.

962, Pregsure Relief Venting. Porosity and leakages
such as at doors, windows, and dampers, though. not readily ap-
arent or easily calculated have been found to provide. sufficient
relief: for the normal 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. -

2621. ‘For.v‘cr.y tight enclosures, the area necesséry for
free venting shall be calculated from the following formula.
Assuming the expansion of carbon dioxide to be 9 cu ft/lb

‘will give satisfactory results.

Q
X=13vVP

—- Free venting ared in sq. in.
Calculated carbon dioxide: flow rate in 1bs./min.
= Allowable strength of enclosure in 1bs./sq. ft.

~ where:

I

X
g
P

2622, In many instances, particularly when hazardous ma-
terials are involved, relief openings are already provided for ex-
plosion venting. These and other available openings often provide

adequate venting.
2623. General construction practices provide the guide in

. Table 7 tor considering : the. normal strength and allowable pres-
sures of average enclosures. : :
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Table 7. Strength and Allowable Pressures for Average Enclosures.

Type Construction Windage Pressure In. Water PSI
Light Building 100 MPH 25 ib./sq. ft.* 5 _1—,-5'
Normal Building 140 MPH 50 Ib./sq: ft.f ) .35
Vault Building 200 MPH 100 Ib./sq.. ft. 20 70

* Venting sash remains closed.
i Venting__sash.designed to open freely.
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CHAPTER 3. LOCAL APPLICATION SYSTEMS.

*31, General Information,

311, Description. A local application system consists
of a fixed supply of carbon dioxide permanently connected to a
system of fixed piping with nozzles arranged to discharge directly
into the fire,

812. Uses. Local application systems may be used for
the extinguishment of surface fires in flammable liquids, gases,
and shallow solids where the hazard is not enclosed or where the

~ enclosure does not conform to the requirements for total flooding.

3121. Examples of hazards that may be successfully pro-
tected by Local Application Systems include dip tanks, quench
tanks, spray hooths, oil-filled electric transformers, vapor vents, etc.

313. General Requirements. 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.

32. Hazard Specifications. -

‘321, 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, ete., that might extend fire outside
or lead fire into the protected area, ‘

3211. A series of interexposed hazards may be subdi-
vided into smaller groups or sections with the approval of the
authority having jurisdiction. Systems for such hazards shall
be designed to give immediate independent protection to adja-
cent groups or séctions as needed.

322. Liocation of Hazard. The hazard may be indoors,
partly sheitered 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.
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33. Carbon Dioxide Requirements.

*381.. General. The quantity of carbon dioxide required
for local application systems shall be based om the total rate of
discharge needed to blanket the area or velume protected and the
time that the discharge must be maintained to assure complete
extinguishment.

*3311. For systems with high pressure storage, the com-

puted quantity of carbon dioxide shall be increaged by 40 per
cent to determine nominal cylinder storage capacity since only
the liquid portion of the discharge is effective. This increase
in cylinder storage capacity is not required for the total flood-
ing portion of combined local application-total flooding sys-
tems.

*3312. Where. long pipelines are involved or where the
piping may be exposed to higher than normal temperatures, the
quantity shall be increased by an amount sufficient to compensate
for liquid vaporized in cooling the piping:

332. Rate of Discharge. Nozzle discharge rates shall be
determined by either the surface method or the volume method
as covered in Articles 34 and 35.

3321, 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.

3322. For low 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 sufficient to develop the required
concentration in not more than the discharge time used for
the local application part of the system,

3323. 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 quantity
required for total flooding by the factor 1.4 and by the time of
the local application discharge in minutes.

Where: Qp = Rate of flow for the total flooding
portion in Ibs./min,

Qp = ' . Wy = Total quantity of carbon dioxide for:
r= ﬁTL 7 the _total ﬂoodl_ng portion in pounds,

. Ty, = Liquid discharge time for the local
application portion in minutes,
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*333. Duration of Discharge. The minimum effective
discharge time for computing quantity shall be 30 seconds. The
minimum time shall be increased to compensate for any hazard
condition that would require a longer cooling period to assure
complete extinguishment.

*3331. Where there is a possibility that metal or other
material may become heated above the ignition temperature of
the fuel, the effective discharge time shall be increased to allow
adequate cooling time. This is especially important with par-
affin wax and other materials having low autoignition tem-
peratures.

34. Rate by Area Method.

341. General. The area method of system design is used
where the fire hazard consists primarily of flat surfaces or low
level objects associated with horizontal surfaces.

3411, System design shall be based on listing or ap-
proval data for individual nozzles. - Extrapolation of such data
above or below the upper or lower limits shall not be permitted.

. 842, Nozzle Discharge Rates. The design discharge rate
through individual nozzles shall be determined on the basis of
location or projection distance in accordance with specific ap-
provals or listings.

*3421. The discharge -rate for overhead type nozzles

shali be determined solely: on the basis of distance from the
surface each nozzle protects.

*3422. The discharge rate for tankside nozzles shall be:

determined solely on the basis of throw or projection required
to cover the surface each nozzle protects. '

343. Area Per Nozzle. The maximum area protected by
each nozzle shall be determined on the basis of location or projec-
tion distance and the design discharge rate in accordance with
specific approvals or listings. :

3431, The same factors used to determine the design dis-
charge rate shall be used to determine the maximum area to be
protected by each nozzle. : :

,?_,_*ﬁ e e e e e e g e - B et R
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3432. The portion of the hazard protécted by individual

overhead type nozzles shall be considered as a square area.

3433. The portion of the hazard protected by individual
tankside or linear nozzles may be either a rectangular or a:square
area in accordance with spacing and discharge limitations stated
in specific approvals or listings.

3434, When coated roflers or other similar irregular shapes
are to be protected, the projected wetted area may be used to
determine nozzle coverage.

3435. Where coated surfaces are to be protected, the area
per nozzle may be increased by 40 per cent over the areas
given in specific approvals or listings. Coated surfaces are
defined as those designed for drainage which are constructed
and maintained so that no pools of liquid will accumulate -
over a total area exceeding 10 per cent of the protected sur-
face. This Sub-section does not apply where there is a heavy -
build-up of residue. See Sub-section 312.

3436, Where local application nozzles are used. for pro-
tection across openings as defined in Sub-sections 2213 and
2214, the area per nozzle given by specific approval or listing
may be increased 20 per cent.

3437. When deep layer flammable liquid fires are to be
protected, a minimum freeboard of 6 inches shall be provided
unless otherwise noted in approvals or listings of nozzles.

344, Location and Number of Nozzles. A sufficient
number of nozzles shall be used to adequately cover the entire
hazard area on the basis of the unit areas protected by each nozzle.

3441. Tankside or. linear type nozzles shall be located in
accordance with spacing and discharge rate limitations stated in
specific approvals or listings.

3442, Overhead type nozzles shall be installed perpen-
dicular to the hazard and centered over the area protected by
the nozzle. They may also be installed at angles between 45
and 90 degrees from the plane of the hazard surface as pre-
scribed in Sub-section 3443. The height used in determining
the necessary flow rate and area coverage shall be the distance
from the aiming point on the protected surface to the face of
the nozzle measured along the axis of the nozzle.
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3443. When: installed at an angle, nozzles shall be aimed

at a point measured from the near side of the area.protected

by the nozzle, the location of which is calculated by multiply-
ing the fractional aiming factor in Table 8 by the width of
the area protected by the nozzle.

Table 8, Aiming Factors for Angular Placement of Nozzles, Based on
6-Inch Freeboard.

Discharge Angle}

45-60° A
60-75 -
x

%

Aiming Factor*

75-90

90 (perpendicular)' (center)

{Degrees from plane of hazard surface.
*Fractional amount of nozzle coverage area.

3444. Nozzles shall be located so as to be free of possible
obstructions that could interfere with the proper projection of
the discharged carbon dioxide.

3445. Nozzles shall be located so as to develop an extin-
guishing atmosphere over coated stock extending above a pro-
tected surface. Additional nozzles may be required. for this
specific purpose particularly if stock extends more than 2 feet
above a protected surface.

3446. The possible effects of air currents, winds and
forced drafts shall be compensated for by properly locating

nozzles or by providing additional nozzles to adequately pro-
tect the outside areas of the hazard.

35. Rate by Volume Method.

861, General. The volume method of system design is.
used where the fire hazard consists of three dimensional irregular
objects that cannot be easily reduced to equivalent surface areas.

352. Assumed Enclosure, The total discharge rate of the
system shall be based on the volume of an assumed enclosure
entirely surrounding the hazard.

3521. . The assumed enclosure shall be based on an actual

closed floor unless special provisions are made to take care of
bottom conditions.
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3522, The assumed walls and ceiling of this enclosure shall

involved and shall enclose all areas of possible leakage, splashing
or spillage.

3523. No deductions shall be made for solid objects within

this volume.

3524. A minimum dimension of 4 feet shall be used. in
calculating the volume of the assumed enclosure.

3525. 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.

353. System Discharge Rate. The total discharge rate
for the basic system shall be equal to 1 lb./min./cu. ft. of assumed
volume, :

'3531. If the assumed enclosure has a closed fioor and is
partly defined by permanent continuous walls. extending at least
2 feet above the hazard (where the walls are not normally a part
of the hazard), the discharge rate may be proportionately reduced
to not less than 0.25 lbs./min./ci. ft. for actual walls completely
surrounding the enclosure.

854, Location. and Number of Nozzles. A sufficient.

number of nozzles shall be used to adequately cover the entire
hazard volume on the basis of the system discharge rate as deter-
mined by the assumed volume.

3541. Nozzles shall be located and directed so as to retain
the discharged carbon dioxide in the hazard volume by suitable
cooperation between nozzles and objects in the hazard. volume,

3542, Nozzles shall be located so as to compensate for any
possible effects of air currents, winds or forced drafts.

3543, The design discharge rates through individual nozzles.
shali be determined on the basis of location or projection distance
in accordance with specific approvals or listings for surface fires.

3544, ‘Special purpose nozzles may have discharge rates
based on other factors. .

be at least 2 feet from the main hazard unless actual walls are. -
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36. Distribution System.

36l. General. The system shall be designed to provide
an effective discharge of carbon dioxide promptly before excessive
amounts of heat can be absorbed by materials within the. hazard.

3611. The carbon dioxide supply shall be located as near
to the hazard as practicable and yet not exposed to the fire, and
the pipe line shall be as direct as practicable with a minimum
number of turns in order to get carbon dioxide to the fire
promptly.

3612, The system shall be designed for automatic opera-
tion except where the authorities having jurisdiction permit
manual operation.

362. Piping Systems. Piping shall be designed in accord-
ance with Section 165 to deliver the required rate of application
at each nozzle.

*3621. High pressure storage temperatures may range

“from 32° F to 120° F without requiring special methods of
" compensating for clianging flow rates.

363. Discharge Nozzles. The nozzles used shall be listed
or approved for rate of discharge, effective range, and pattern
or area coverage,

3631. The equivalent orifice size used in each nozzle shall
be determined in accordance with Section 165 to match the design
discharge rate.

3632. Nozzies. shall be accurately located. and directed in

accordance with the system design requirements as covered in
Sections 34 and 35.

HAND HOSE LINE BYSTEMS

CHAPTER 4 HAND HOSE LINE SYSTEMS.

41. General Information.

411. Description. Hand hose line systems consist of -
a hose reel or rack, hose, and discharge nozzle assembly connected
by fixed piping to a supply of carbon dioxide. A separate carbon
dioxide supply can be provided for hand hose line use or carbon
dioxide can be piped from a central storage unit which may be
supplying several hose lines or fixed manual or automatic systems.
See Sub-section 1511.

412, Uses. - Hand hose line systems may be used to sup-
plement fixed fire protection systems or to supplement first aid
fire extinguishers for the protection of specific hazards for .
which carbon dioxide is a suitable extinguishing agent. Thése
systems shall not be used as a substitute for other fixed carbon
dioxide fire extinguishing systems equipped with fixed nozzles,
except where the hazard cannot adequately or economically be
provided with fixed. protection. The decision as to whether
hose lines are applicable to the particular hazard shall rest upon
the authority having jurisdiction. '

413. General Requirements. Hand hose line systems .
shall be installed and maintained in accordance with-the .
applicable requirements of Chapters 1, 2, and 3 except as
outlined below.

42. Hazard Specifications.

421. Hand hose line systems may be used to combat fires
in all hazards covered under Chapter 1, except those which are
inaccessible and beyond the scope of manual fire fighting.

43. Location and Spacing.

431. Location. Hand hose line stations shall be placed
such that they are easily accessible and within reach of the most
distant hazard which they are expected to protect. In general,
they shall not be located such that they are exposed to the hazard.

432. Spacing. If multiple hose stations are used, they
shall be spaced so that any area within the hazard may be covered
by one or more hose lines. _ . o
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44. Carbon Dioxide Reqﬁirements.

441, Rate and Duration of Discharge. The rate and dura-
tion of discharge and conmsequently the amount of carbon
dioxide shall be determined by the type and potential size of
the hazard. A hand hose line shall have a sufficient quantity of
carbon dioxide to permit its use for at least one minute.

442. Provision for Use by Inexperienced Personnel. The
possibility of these hose lines being used by inexperienced per-
sonnel shall be considered and adequate provision made so that.
there will be z sufficient supply of carbon dioxide to enable
them to effect extinguishment of the hazards that they are
likely to encounter.

443. Simultaneous Use Of Hose Lines, Where simul-
taneous use of two or more hose lines is possible, a sufficient
quantity of carbon dioxide shall be available to supply the
maximum number of nozzles that are likely to be used at any
one time for at least one minute.

45. Equipment Specifications.

451, Hose. Hose lines on systems with high pressure
supply shall have a minimum bursting pressure of 5000 psi, and
hose lines -of systems with-low pressure supply shall have a mini-.
mum bursting pressure of 1800 psi.

452. Discharge Nozzle Assembly. Hose lines shall be
cquipped with a discharge nozzle assembly which can be easily
handied by one man and which contains a guick opening shut-off.
valve to control the flow of carbon dioxide through the nozzle and

" a suitable handle for directing the discharge. The attachment of

the discharge nozzle assembly to the hose by means of a swivel
connection is desirable for providing more ease of manipulation.

453. Hose Line Storage. The hose shall be coiled on-a
hose reel or rack such that it will be ready for immediate use
without the necessity of coupling and such that it may be un-
coiled with a minimum of delay. If installed outdoors, it shall
be protected against the weather.

454, Charging the Hose Line. Operation of hand hose
line systems depends upon manual actuation and manual
manipulation of a discharge nozzle. Speed and simplicity of

operation is, therefore, essential for successful extinguishment.

HAND HOBE LINE SYS3TEMS 12-45.

4541. All controls for actuating the system shall be located
in the immediate vicinity of the hose reel.

4542. The carbon dioxide supply shall be located as close to
the liose reel as possible so.that liquid carbon dioxide will be sup-
plied to the hose line with a minimum of delay after actuation.

4543, Except when in actual use, pressure shall not be
permitted to remain in the hose line.

46, Training.

461. Successful extinguishment of fire with hand hose
lines is greatly dependent upon the individual ability and technique
of the operator. All personnel who are likely to. use this equip-
ment at the time of a fire shall be properly trained in its operation
and in the fire fighting techniques applicable to this equipment.
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CHAPTER . §j. STANDPIPE SYSTEMS AND.
MOBILE SUPPLY.

51. General Information.

511, 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 person-
nel for effective use. '

512. 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 out-
lined below. Mobile supply may be used as a reserve to supple-
ment a fixed supply. = Mobile supply may also. be outfitted with
hand hose lines for the protection of scattered hazards. These
systems  shall be installed only with the approval of the authority
having jurisdiction.

513. General Requirements. Standpipe systems and
mobile supply shall be installed and maintained in accordance
with the requirements 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 perma-
nently connected supply were used. Appreciable lengths of
piping on the portable supply shall be taken into account.

52. . Hazard Specifications.

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

53. Standpipe Requirements.

531. The supply piping of standpipe systems shall be
equipped with quick-change couplings and shall terminate in an
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easily accessible and well marked location for' connection to- the
mobile supply. This location shall also be marked with the amount
of carbon dioxide required and the required duration of discharge.

54. Mobile Supply Requirements.

541. Capacity. The mobile supply shall have a capacity
:n accordance with. the provisions of Chapters 1, 2, 3, and 4. Extra
quantities may be required to compensate for delay in getting mo-
bile supply to the hazard.

542. Coupling. The mobile supply shall be provided
with suitable means for transferring carbon dioxide into the stand--
pipe system. Quick-change couplings shall be provided to permit-
these connections to be made as rapidly as possible.

543. Mobility. 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 geiting fo
the fire with a minimum-of delay.

544, Location. The mobile supply shall be kept close at.
hand to.the hazards it is intended to protect m order that fire.
extinguishment may be started as soon as possible -after the fire
breaks.out.

' 545. Accessories. Mobile supply for standpipe systems
may be provided with hand hose lines as accessory equipment
for the protection of small scattered hazards, or as a supple-
ment to standpipe systems or other fixed protection.

55. Training.

551. The effectiveness of fire protection provided: by
standpipe systems and mobile supply depends upon the effi-
ciency 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 mainte-
nance.  Generally, this equipment is in the. category of fire
‘brigade or fire department equipment requiring a regularly
assigned crew. ' .
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Dry Chemical Extinguishing Systems
NFPA 17 — 1975

NOTICE: An asterisk (*) preceding the number or letter designating a
subdivisicr indicates explanatory material on that subdivision in Appendix A,

Chap.ter 1 Introduction

*1-1 Scope. This standard includes minimum requirements for
dry cherzical fire extinguishing systems which discharge dry chem-
ical frorz fixed nozzles and piping or from hose lines by means of
expellar.: zas. It contains only the essentials and suggesions to
make the standard workable in the hands of those skilled in this
field. Pcrrable dry chemical equipment is covered in the Standard
for the Ir::allation, Maintenance and Use of Portable Fire Extinguishers
(NFPA 1:-1974),

1-2 Purpose. This standard is prepared for use and guidance
'to those charged with the purchasing, designing, installing, testing,
inspecting. approving, listing, operating or maintaining dry chemi-
cal fire extunguishing systems, in order that such equipment will
function zs intended throughout its life.

1-2.1 Only those skilled in this field are competent to design
and instz’: this equipment. It may be necessary for many of those
charged “with the purchasing, inspecting, testing, approving, oper-
ating, anc maintaining this equipment to consult an experienced
fire protection engineer, competent in this field, in order to effec-
tively discharge their respective duties. ’

1-3 Definitions. For the purpose -of clarification, the following
general terms used with special technical meanings in this standard
are-definec.

. Authority Having Jurisdiction is the organization, office, or
individual responsible for “approving” equipment, an installation,
or a procedure.

NOTE: The phrase “authority having jurisdiction” is wsed jn NFPA
standards ina broad manner since jurisdictions and “approval® agencies
vary as do their responsibilities. Where public safety is primary, the au-
tharity ha.ing jurisdiction may be a federal, state, local, or gther regional
departmez: or individual such as a fire chief, fire marshal, chief of a fire
preventior. bureau, labor department, health department, building official,
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electrical inspector, or Others having statutory authority. For insurance
purposes, an imsurance -inspection department, rating bureau, or uther
insurance company representative may be the authority having jurisdiction.
In many circumnstances the property owner or his delegated agent assuines
the role of the authority having jurisdiction; at government installations
the commanding officer or a departmental official may be the authority
having jurisdiction. L '

Calculation and Design refers to the process of computing,
with the use of equations, graphs, or tables, the system charactér-
istics such as flow rate, nozzle pressure, and pressure drop. This in-
formation is not required for listed pre-engineered systems.

Dry Chemical is a powder composed of very small particles
usually of sodium bicarbonate, potassium bicarbonate, urea-based
potassium bicarbonate, potassium chloride, or monecammonium
phosphate with added particulate material supplemented by spe-
cial treatment to provide resistance to packing, resistance to mois-
ture absorption (caking) and the proper flow capabilities.

Engineered Systems are those requiring individual calculation
and design to determine the flow rates, nozzle pressures, quantities
of dry chemical, and the number and types of nozzies and their
placement in a specific system. T

Multipurpose Dry Chemical is ;Jsually‘monoammonium phos--

‘phate-based and is effective on.fires in ordinary combustibles, such
as wood or paper, as well as on fires in flammable liquids, etc.

Pre-Engineered Systems (sometimes known as “Package” Sys-
tems) are those having predetermined flow rates, nozzle pressures,
and gquantities of dry chemical. These systems have the specific
pipe size, maximum and minimumni pipe lengths, flexible hose speci-
fications, number of fittings and number and types of nozzles pre-
scribed by a nationally recognized testing laboratory. The hazards
protected by these systems are specifically limited as to type and

size by a nationally recognized tésung laboratory based upon’

actual fire tests.

L% Dry Chemical. The type of dry chemical used in the $y8- '

‘nationziiv recognized testing laboratory, recommended by the
manufactirer of the equipment, and approved by the authority

- certain dr: :nemicals will generate dangerous pressures and will Sorm lumps.

‘chemical extinguishing systems shall be considered satisfactory pro-

gases released from transfer or loading facilities.
" breakers.

bicarbonare base dry chemical is used
extinguish: possible smoldering or deep seated fire. . St

. using multipurpose dry chemical when it can reach all surfaces ~ & -

-such as:deep fat fryers. [See also 4-4.7 and A-2-1(3).] For other spe-|
- cific details, see Standard for the Installation of Equipment for the Re-

- ment (NFPA 96-1973). .
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Chapter 2 General Information and Requirements

tem sha.. not be changed unless proved to be changeable by a

having j-isdiction. . Systemis are designed on the basis of the fow
and extirguishing characteristics of a specific make and type of
dry cherzizal. S

CAUTIG: Types of dry chenical shall not be mixed. Mixtures of

2-2 Use and Limitations,
*2-2.1 Use. Types of hazards and equipment for which dry

tection inciude the following: N

" (a;” Flammable or éor_nbustible' liquids and combustible gases.

CAUTION:  Extinguishment of uncontrolled discharge -of Hammable
liquids or mbustible gases may result ‘in a subsequent explosion hazard, | "

- (b Combustible solids having burning characteristics similar.
t0 naphth:ziene and pitch, which melt when involved in fire. '

(c) Flammable liquids, combustible liquids, or combustible
{d) Electrical hazards such as transformers or oil * circuit -

(ej Textile operations subject to flash surface fires. - _thre' o

, water-shall be provided to’

(f) Ordinary combustibles such as wood, papér, or -cloth |

involved in combustion.

{g) Kitchen hoods, ducts and associéted range-top hazards # 7

maval of Smoke and Grease-Laden Vapor from Commercial Cooking Equip- - ) o
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(h Some lasties depending upon the type of material and
their consizuration of hazard. For more specific information, con-
sult the ~iinufacturer of the equipment,

2.2.2 - Limitations. Types of materials for which dry chemical
extinguiszing systems shall not be considered satisfactory protec-

.

tion inclzde the Iollowing:

(a Chemicals containing their own oxygen supply such as
cellulose nimrate.

(b Combs:stible metals such as sodium, potassium, magne-
sium, t:zaium, and zirconium. Dry powder systems listed by a
nationaliv recognized testing laboratory for combustible metal fires
may be used.

(¢ Deep-seated or burrowing fires in ordinary combustibles
where <ne multipurpose drv chemical cannot reach the point of
combuszon.

2.2,2,1 Before dry chemical extinguishing equipment is con- |

sidered for use o protect electronic equipment or delicate elec-
trical reiavs, the effect of residual deposits of dry chemical on the
performance of “his equipment shall be evaluated.

2-2.2.2 Multipurpose dry chemical shall not be considered

| satisfactorv for use on machinery such as carding equipment in

textile operations and delicate electrical equipment because, upon
exposure 0 temperatures in excess of 250°F or relative humidity in
excess of 3007, deposits will be formed which may be diflicult to
remove.

#2.2.2.3 Dry chemical, when discharged, will drift from the
immediate discharge area and settle on surrounding surfaces.
Prompt cieanup will minimize possible staining or corrosion of cer-
tain materials which may take place in the presence of moisture.

2.3 Svstems Protecting One or More Hazards.

2:3.1 ‘Where, in the opinion of the authority having jurisdic-
tion, twe: or ‘more hazards may be simultaneously involved in fire
by reasor of their proximity, the hazards shall be protected by in-
dividua! svstems installed to operate simultaneously, or by a single

system-designed to protect all hazards that may be simultaneously
involved. :

2.3.2 Where hand hose lines may be used on a hazard that

is also protected by a fixed system, separate dry chemical supplies
shall be provided.

e hme

GENEIAL INFORMATION AND REguiith sy i 17 4

2-3.3 A single dry chemical supply shall he vsed Tor boh a
haned hose fine system and a fixed nozzle systen only if the hazards
I”‘”“’-"“'d by the two systems e separited so thiat the hand hose

Jines cannot be used on the hazard protected by the fixed nozzle”

systern, and the probability of fire oecurring. simtltancously in both
hazards is slight.

*9.4 Personnel Safety.

9-4.1 Safety Requirements. In total flooding systems where
there is a possibility that personnel may be exposed 10 a dry chem-
ical discharge, suitable safeguards shall he provided to «nsure

prompt evacuation of such locations, and also to prov_idq means -
for, prompt rescue of any trap_pcd pc_rsonnel. Such safety items as
personnel training, warning signs, discharge alarms, predischarge .

alarms, and respiratory protection shall be considered. 1n local ap-
plication systems where the dry chemical 1s likely to discharge upon
personuel, such as in loading racks, discharge alarms and special
personnel training shall be provided.

CALTTION: Hazards to Personnel.  The discharge of large amounts of

dry chemical may create hazards to personnel such us veduced visihility and
temporary hreathing difficulty.

2-4.2 When stored-pressure or cartridge operated dry chem-
ical cylinders are not attached 1o pip_ing, the discharge outlet shall
be provided with a protective diffusing safety cap to protect per-
sonnel from recoil and high flow discharge in casc of accidental

actuation. Such protective caps shall also be used on empty cyl-'

inders to protect threads. These caps shall be provided by the
manufacturer of the equipment.

2-4.3 All system components shall be so located as to main-
tain minimum clearances from live parts as shown in the following
talﬁg used in this standard, ‘“‘clearance” is the air distance between
dry chemical equipment, including piping and nozzles, and unen-
closed or uninsulated live electrical components at other than
ground potential. N .

The clearances given are for alutudes of 3,300 fi. or less. -At
altitudes in excess of 3,300 ft., the clearance shall be increased at
the rate of 1 percent for each 330 ft. increase in altitude above
3,300 ft. - .

The clearances are based upon minimum general practices re-
lated to design Basic Tnsulation Level {BIL) values. To coprdmate
the required clearance with the electrical design, the design BIL
of the equipment being protected shall be used as a basis, although
this is not material at nominal line voltages of 161 kv or less.
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Up to electricai system voltages of 161 kv the design BIL kv and
corresponding minimum clearances, phase to ground, have been
established through long usage.

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

Possible design variations in the clearance required at higher
voltages are evident in the Table, where a range of voltages is
indicated opposite the various BIL test values in the high voltage
portion of the Table. However, the clearance between uninsulated

-energized parts of the electrical system equipment and any portion

of the drv chemical system shail not be less than the minimum

‘clearance provided elesewhere for electrical systemn insulations on

any individual component.

Table 2-4.3

Clearance ftom Dry Chemical Equipment
To Live Uninluhug Electrical Components

Nominal Line Nominal Voltage Minimum
Voltage to Ground Design BIL Clearance

kv kv iv inches
15 9 110 6
23 . 13 150 B
34.5 20 200 12
46 . o7 250 15
&9 40 350 23
115 66 550 37
138 80 650 44
t61 93 750 52
196-230 114-132 900 63
1050 76
287-380 166-220 1175 87
1300 98
1550 120
500 290 1675 . 131
1800 142
500-700 290-400 1925 153
2100 168
2300 184

NOTE: 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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2-5 Specifications, Plans and Approvals.

2-5.1 'Specifications. Specifications for dry chemical fire ex-.
tinguishing systems shall be drawn up with care under supervision
of a competent person, and with the advice of the authority having
jurisdiction. To ensure a satisfactory system, the following items
shall be in the specifications.

9-5.1.1 The specifications shall designate the quthority hav-
ing jurisdiction and indicate whether plans are required.

o

2.5.1.2 The specifications shall state that the installation -

shall conform to this standard and meet the approval of the au-

thority having jurisdiction.

9.5.1.3 The specifications shall include the specific tests:

that may be required, if any, to meet the approval of the authority
having jurisdiction, and indicate how the cost of testing is to be
borme 2.5.1.4 These specifications shall indicate the hazard to be
protected and shall include such information as physical dimensions,
combustibles, air handling equipment, heat sources, etc.

9.5.2 Plans. Where plans are required, the responsibility for
their preparation shall be entrusted only to competent persons.

9-5.2.1 These plans shall be drawn to an indicated scale or
be suitably dimensicned, and shall be made so that they. can: be
easily reproduced.

A

9.5,2.2 These plans shall contain suflicient detail to enabie
the authority having jurisdiction to evaluate the hazard or hazards,
and 1o evaluate the effectiveness of the system. The details on the
hazards shall include materials.involved, the location and arrange-
ment, and the exposure to the hazard.

2.5.2.3 The details on the system shall include s'ufﬁcient
information and calculations on the amount of dry chemical; the
size, length and arrangement of connected piping, or piping and
hose; description and location of nozzles so that the adequacy, of
the system can be determined. Flow rates of nozzles used shall:be
provided for engineered systems. Information shall be submitted
'pcrtaining to the location and function of detection devices, oper-
ating devices, auxiliary equipment and electrical circuitry, if used.
Sufficient information shall be indicated to identify properly the

apparatus.and devices used.

.2-5.3 Approval of Plans. Where plans are required, they
shall be submitted to the authority having jurisdiction for approval
hefore work starts.
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2-5.3.1 Where field conditions necessitate any substantial
change from the approved plan, the corrected as-installed plans
shall be submnitted to the authority having jurisdiction for approval.

2-5.4 Approval of Ingtallations. The completed system shall
‘be tested by qualified personnel as required by the authority having
jurisdiction. These tests shall be adequate to determine that the
sysiem has been properly installed and will function as intended.
Only listed equipment and devices shall be used in these systems.

2-5.4.1 The installer shall certify to the authority having
jurisdiction that the installation has been made in accordance with

the approved plans and the listing of a nationally recognized testing
laboratory.

2-5.4.2 Approval tests shall include a discharge of expeliant
gas through the piping and nozzles. Observations for serious gas
leakage and for continuity of piping with free uncbstructed flow
shall be made. Observations shall be made of the flow of expellant
gas through all nozzles. Piping shall not be hydrostatically tested.
Where pressure testing is required, it shall be by means of a
dry gas. The labeling of devices with proper designations and
Jinstructions shall be checked.

2-5.4.3 After any tests, care shall be taken to see that all
piping and nozzles have been blown clean, using compressed air
or nitrogen if necessary. Care also shall be taken to see that the
system is properiv charged and placed in the normal “set” condition.

2-6 Operation and Control of Systems. See:

{a) Standard for Central Station Signaling Systems (NFPA
71-1974)

(b} Standard for Local Protective Signaling Systems (NFPA
72A~1974;

_ {c) Standard for Auxiliary Protective Signaling Systems (NFPA
72B-1974)

(d) Standard for Remote Station Protective Signaling Systems
| (NFPA 72C-1974)

{e) Standard for Proprietary Protective Signaling Systems
(NFPA 72D-1974)

{(f) Standard for Automatic Fire Detectors: (NFPA 72E-1974)

as applicable to detection, alarm and control functions for dry
chemical extinguishing systems,
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2.6.1 Methods of Actuation. Systems shall be classihed -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. Operaiion of a system re-
quiring human action where the device used to cause the opera-
tion is located near the hazard so as to be easily accessibie at au
times (see .2-6.3.4). 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 on the device being controlled
or on its mounting assembly. “Fully mechanical’ may incorporate -
use of the system pressure to complete operation of the device.

2.6.2 Detection of Fires. Fires or conditions likely to produce
fire shall be detected by visnal (human senses) or by automatic
means.

2-6.2.1 Reliance on visual detcction shall be permitied only
with permission of the authority having jurisdiction where fires or
conditions likely to produce fires can be readily detected by such
means.

9.6.2.2 Automatic detection shall be_ by‘a listed or approved
device that is capable of detecting and indicating heat, flame,
smoke, combustible vapors, or an abnormal condition in the hazard,
such as process trouble, that is likely to produce fire. '

2-6.2.3 An adequate and reliable source of energy shall be
used in detection systems.

9-6.3 Operating Devices. Operating devices shall mean ex-
pellant gas releasing mechanisms, dry chemical discharge controls,
and shutdown equipment.

.2-6.3.1 Operation shall be by listed mechanical, electrical,
or pneumatic means. An adeguate and reliable source of energy
shall be used. '

2-6.3.2 All operating devices shall be designed for the -
service they will encounter, and shall not bt; readily fendcred in-
operative or susceptible to ‘accidental operation. Devices shall be
normally designed to function properly from —40 F to +150 F, or
marked to indicate temperature limitations. :
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g 2-6.3.3 All devices shall be designed, located, installed, or
protected so that they are not subject to mechanical, environ-
mental or other conditions that would render them inoperative.

2-6.3.4 The normal manual control for actuation shall be
located so as to be conveniently and easily accessible at all times in-
cluding the time of the fire. The control shall cause the complete
system 1o Operate.

2-6.3.5 All valves controlling the release and distribution of
dry chemical shall be provided with an emergency manual control.

Exception No. 1: This does not apply to slave cylinders.

Exception No. 2: It is possible for the normal manual control to qualify as
emergency manual control if provisions of 2-6 are satisfied.

2-6.3.6 Manual controls shail not require a pull of more than
40 1b. (force) nor a movement of more than 14 in. to secure operation.

2-6.3.7 Means shall be provided for checking the amount
of expellant gas 1o assure that it is sufficient for the proper operation
of the system. .

2-6.3.8 All shutdown devices shall be considered integral

parts of the systemn and shall function with the system operation. -

If the expellant gas is used to pneumatically operate these devices,

then the gas must be taken prior to its entry into the dry chemical
tank.

2-6.3.9 All remote manual operating devices shall be identi-
fied as to the hazard that they protect.

. 2-6.4 Supervision. Where supervision of any or all of the fol-
lowing. is provided, it shall be arranged to give indication of fail-
ure: the automatic detection system, the electrical actuation cir-
cuit, the electrical power supply.

2-6.5 Alarms and Indicators, Alarms and/or indicators are
used to indicate the operation of the system, hazard to personnel, or
failure of any supervised device or equipment. The devices may be
audible or visual. The type, number, and location of the devices
shall be such that their purpose is satisfactorily accomplished. The

extent and type of alarm and/or indicator equipment shall be ap-
proved,

2-6.5.1 An alarm or indicator shall be provided to show

that the system has operated, that personnel response may be needed,
and that the system is in need of recharge.
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2:6.5.2 Alarms indicating failure t.;i s_up{-lrvisv(l_ c](:vit_'c.'_-i or
equipment shall give prompt and pc-mi!ivt: indication of any failure
and shall be distinetive from alarms indieating operation or haz-
ardous conditions.

2-7 Dry Chemical Supply.

© 7.1 Quantity. The amount of dry chemical in the system
shall be at least suificient for the largest single haz‘ard protected,
or for the group of hazards which are to be protected simultaneously.

2-7.2 Quality. The dry chemical used in the system shall be
supplied by the manufacturer of the equipment. The character-
istics of the system are dependent upon the composition of the :jry
chemical and the type of expellant gas, as well as upon other fac-
tors, and, therefore, it is imperative to use the dry chemical pro-
vided' by the manufacturer of the system and the type of expellant
gas specified by the manufacturer of the system.

2.7.2.1 Where carbon dioxide or nitrogen is used as the ex-
pellant gas; it shall be of good commercial grade, free of water
and other contaminants that might causc container corrosion.

2.7.2.1.1 Carbon doxide used as an expellant gas shall
meet the following specifications:

{a) The vapor phase shall not be less than 99.5 percent
carbon dioxide.

{b) The water content of the liquid phase shall not be
more than 0.01 percent by weight (—30 F dew peint).

(¢} Oil content shall not be more than 10 ppm by weight.

2-7.2.1.2 In general, carbon dioxide obtained by con-
verting dry ice to liquid shall not be satisfactory unless it is properly |
processed to remove excess water and oil.

*2.7.3 Reserve Supply. Where a dry chemi‘cz_il system protects
multiple hazards by means of selector valves, sufficient dry chemical
and expellant gas shall be kept on hand for one complete recharge
of the system: For single hazard systems, a similar supply shall
be kept on hand if the importance of the hazard is such that it can-
not be shut down until recharges can be procured.

2.7.4 Storage. Storage of charging supplies of dry chemical
shall be in a constantly dry area, and the dry chemical shall be
contained in metal drums or other containers which will prevent the
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entrance of moisture even in small quantities. Prior to charging the
dry chemical chamber, the dry chemical shall be carefully checked
to determine that it is in free-flowing powdery condition, and the
pressure or weight of the expellant gas shall be checked as stipulated
by the manufacturer to determine that it is above the required
minimum.

2-7.4.1 The dry chemical tank and expellant gas assemblies
shall be located near the hazard or hazards protected, but not where
they will be exposed to a fire or explosion in these hazards.

2.7.4.2 The dry chemical tank and expellant gas assemblies
shall be located so as not to be subjected to severe weather condi-
tions, or to mechanical, chemical, or other damage. When exces-
sive climatic or mechanical exposures are -expected, suitable en-
closures or guards shall be provided,

2-7.4.3 The dry chemical tank and expeliant gas assemblies
utilizing nitrogen shall be located where the ambient temperature
is normally between —40 F and 120 F. Assemblies utilizing carbon
dioxide shall be located where the ambient temperature is normally
between 32 F and 120 F. Exposure extremes of short duration can
be tolerated. Otherwise, methods shall be provided for maintaining
the temperatures within the ambient ranges given.

NOTE.: Systems for use at higher or lower temperatures can be specially
designeds ’

2-7.4.4 The dry chemical tank and expellant gas assemblies
shall be located where they will be easy to inspect, maintain and
service.

2-8 Distribution System.

*2-8.1 Pipe and Fittings. Threaded pipe and fittings shall be
galvanized malleable iron, galvanized steel, stainless steel, copper,
or brass. .Black steel pipe with welded joints or malleable iron
threaded. fittings may be used when the atmosphere is relatively
noncorrosive.  Special corrosion resistant materials shall ‘be used
for corrusive atmospheres. Steel pipe shall not be less than Sched-
ule 40 and brass and copper pipe shall be not less than the approxi-
‘mate Schedule 40 wall thickness (regular pipe) for pipe sizes of
6 in. or less.

2-8.1.1 Cast iron pipe and fittings shall not be used.

2-8.1.2 Tubing shall not be used for dry chemical distribu-
tion.
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2-8.1.3 Flexible piping (hose) shall be used only in ac-
cordance with the listings of a navonally recognized testing lahora-
tory as they are stated for specific dry chemical fire extinguishing
systems, (See A-2-8.1.)

2.8.1.4 Piping for systems to be installed for protection of
cryogenic liquid spill fires shall be protected from submergence in
the liquid, localized liquid impingement, and the simultancous expo-
sure to cryogenic liquid and flame temperaturcs. ‘Where the dry
chemical supply lines are instailed underground within the poten-
tial spill area, the individual branch lines shall be brought up
through insulated sleeves. The ‘insulated sleeves shall be extended
above the maximum .anticipated cryogenic liquid accumulation

against localized impingement by. the cryogenic liquid.

*2.8.2 Arrangement and Installation of Pipe and Fittings,
Piping shall be installed in accordance with good commercial
practices.

2-8.2.1 All piping shall be laid out to produce the desired
dry chemical flow rate at the nozzles, and care shall be taken to avoid
possible restrictions due to foreign matter and faulty fabrication
and/or improper installaton.

2-8.2.2 The piping system shail be securely supported and
shall not be subject to mechanical, chemical, or other damage.
Where explosions are -possible, the piping system shall be hung
from supports that are least likely to be -displaced.,

2-8.2.3 Pipe shall be reamed and cleaned before assemnbly,
and after assembly the entire piping systern shali be blown out
with dry gas before nozzles or discharge devices are installed. The
use of pipe-thread compound or tape shall not be used.

2.8.3 Valves. All valves shall be listed for the intended use,

particularly 'in regard to flow capacity and operation. Selector.
valves shall be of the quick-opening type, allowing essential free
passage of the dry chemical without restriction.

2.8.3.1 Valves shall not be easily subject to mechanical,
chemical, or other damage. .

2-8.4 Discharge Nozzles. Discharge nozzes shall be listed
for the use intended, in accordance with subsequent chapters.

2-8.4.1 Discharge nozzles shall be of adequate strength for
use with the expected working pressures.

_depth.  Any sub-branching abovegrade shall also be protected

I
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2-8.4.2 Discharge nozzles shall he of brass, stainless steel.
or -other corrosion-resistant materials, or he protected inside and
out against corrosion.  They shall be made of noncombustible ma-

terials, and shall withstand the expecied fire exposure without
deformation.

2-8.4.3 Ali nozzles shall be designed and subsequently lo-
cated, installed or protected so that they are not subject to me-

chanical, environmental or other conditions that would render them
inoperative. ‘

2-8.4.4 Discharge nozzles shall be so connected and sup-
ported that they may not be readily put out of alignment. Where
nozzles are connected directly to flexible hoses, they shall be .pro-
‘vided with mounting brackets or fixtures to assure that they can
be aligned properly and that the alignment will be maintained.

2-8.4.5 Discharge nozzles shall be clearly marked for identi-
fication of type and size.

2-8.4.6 Where external clogging by foreign materials is
likely, the listed discharge nozzie assemblies shall include protective
caps.

2-8.5 Pipe Size and Nozzle Determination. Pipe sizes and
nozzles shall be selected on the basis of calculations to deliver the
required dry chemical flow rate at each nozzle or, for pre-engineered

systems, in accordance with limitations sct by a nationally recog-
nized testing iaboratory.

2-8.5.1 Equations, or graphs derived therefrom, shall be
used to determine the pressure drop in the pipe line in engineered
systems. This design information shall be based on tests performed
by the manufacturer and confirmed by a nationally recognized
testing laboratory. It is not required in pre-engineered systems.

2-9 Electrical Wiring and Equipment.
2-9.1 Installation. ' Electrical wiring and equipment shall be

installed in accordance with the National Electrical Code, NFPA 70—
1975, or the requirements of the local authority having jurisdiction.

2-10 Inspection, Maintenance, and Instruction.

*2-10.1 Inspection and Tests, At least annually, all dry
chemical systemns including alarms, shutdowns, ard other associated

_equipment.
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equipment shall be thoroughly inspected and checked for proper
operation by competent personnel. (See 26 and 2-10.1.9.) i

2-10.1.1 'The purpose of this inspection and esting shall be
not only to ensure that the system is in full operating (}({Il(jll_lun., but
also-to indicate the probable continuance of that condition until the
next inspection. - Attention at this inspection shall be given to any
extension of the hazard protected by the system. A sulta})le gas
discharge test shall be made when this inspection indicates it to be
advisable. (See 2-70.7.)

2-10.1.2 The inspector’s report, with recommendations, if
any, shall be filed with the owner or with whomever is designated
by the owner. -

9-10.1.3 Between the regular service contract inspection or
tests, the system shall be inspected visually or otherwise by compe-
tent personnel, following an approved schedule.

2-10.1.4 At lcast semiannually, all expellant gas containers
shall be checked by pressure or weight against the required mini-
murms.

2-10.1.5 At lcast semiannually, all stored pressure dry chem-
ical containers shall be checked by pressure and weight against the
required minimums.

E

2-10.1.6  Except for stored pressure systems, at least annually
the dry chemical in the system storage container shall be sampled
fromn the top center and also near the wall to determine the existence
of lumps harder than will be friable when dropped from a height"
of 4 inches.

2-10.1.7. The following parts of dry chemical systems with-
dry chemical chambers of less than 150 pounds nominal capacity
(based on sodium bicarbonate agent} shall be hydrostaticaily
tested at-an interval not to exceed twelve years: dry _chcrmcal
.chambers, auxiliary pressure containers, valve assembh.es, hoses
and fittings (not including field piping), check valves, directional
valves, manifolds, and hose nozzlqs. The procedures shall be those |,
approved by a nationally recognized laboratory for each type of

fa) The dry chemical removed from the chamber prior to
testing shall be discarded.

(b) Care shall be exercised to make certa'in that all equip~
ment tested is thoroughly dried prior to recharging.

(c) To protect the hazard during this operation, if there is
no automatic connected-rescrve, aliernate protection acceptable to
the authority having jurisdiction shall be provided.
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2-10.1.8. When annual inspection of any dry chemical
chambers or system components reveals conditions such.as but not
limited to corrosion or pitting in excess of manufacturer’s limits,
structural camage or fire damage, repairs by soldering, welding or
| brazing, the affected part(s) shall be replaced or hydrostatically
tested in zccordance with the recommendations of the manu-
facturer or the ariginal certifying agency or both. The hydro-
‘static testir.g of dry chemical chambers shall follow the applicable
| procedures outlined in 2-10.1.7.

9-10.1.9 Fixed temperature sensing elements of the fusible
| alloy type shall be replaced at least annually or more frequently
1if necessary to assure proper operation of the system.

9.10.2 Maintenance. These systems shall be maintained in
full operating condition at all times. Use, impairment, and restora-
tion of this protection shall be reported promptly to the owner and
the authority having jurisdiction. '

2-10.2:1 Any troubles or impairments shall be corrected at
once by competent personnel.

2-10.3 Instruction. All persons who may be expected to
inspect, test, maintain, or operate dry chemical fire extinguishing
systems shall be thoroughly trained and kept thoroughly trained
in the functions that they are cxpected to perform. '

2-10.3.1 Training programs shall be established that are
approved.

TOFAL FLOODING BYSTEME l72!

Chapter 3 Total Flooding Systems

3.1 General Information.

3-1.1 Definition. A total flooding system means a supply of
dry chemical permanently connected to fixed piping, with fixed
nozzles arranged to discharge dry chemical into an enclosed space
or enclosure about the hazard. ‘ :

31.2 Uses. This type of system shall be used only where |
there is .a permanent enclosure about the hazard that is adequate -
to -enable the required concentration to be built up. The total
area of unclosable openings shall not exceed 15 percent of the total
area of the sides, top, and bottom of the enclosure.

3-1.2.1 Consideration shall be given to the elimination of
probable sources of reignition because the extinguishing' action of
a dry chemical fiooding system is transient.

3:1,2.2 Deep-seated fires involving solids subject to smolder-

_ ing shall be protected by multipurpose dry chemical systems where

the. dry chemical can reach all surfaces involved in combustion.
Bicarbonate-base dry chemicals shall not be used for protection
against this type of fire.

3.1.3 General Requirements. Total flooding systems shall be
designed, installed, tested, and maintained in accordance with the
applicable rules in Chapter 2 and with the additional rules set
forth in this chapter.

3-2 Hazard Speciﬁcation 5.

3-2.1 Enclosure. In the design of total flooding systems the
characteristics of the enclosure shall be considered as foliows:_

3.2.1.1 The total area of unclosable openings for which no
compensation is provided shall not exceed 1 percent of the total
area of the sides, top, and bottom of the enclosure. Unclosable open-
ings having an area in excess of 1 percent and not exceeding 5 per-
cent shall be compensated for by the provision of additional dry
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chemical.  Unclosable openings having an area in excess of 5 per-
cent of the total enclosure area and not exceeding 15. pereent shall
be screened by local application of additional dry chemical.  (Ser
3-3.4.1)

3-2.2 Leakage and Ventilation. The leakage of dry chemical
from the protected space shall be minimized since the effectiveness
of the flooding system depends upon obtaining an extinguishing
concentration of dry chemical,

3-2.2.1 Where possible, openings such as doorways, win-
dows, etc., shall be.arranged to close before, or simultaneously with,
the start of the dry chemical discharge, or 3-3.4.1 shall be followed.

3-2.2.2 Where forced air ventilating systems are -involved,
they shall either be shut down and/or closed before, or simultane-
ously with, the start of the dry ¢hemical discharge, or 3-3.4.2 shall
be followed.

'3-3 Dry Chemical Requirements and Distribution.

*3-3.1 General. The following factors shall be considered in
the total flooding of enclosed spaces with dry chemical:

{a} Minimum quantity of dry chemical required,
{b) Minimum rate of flow of dry chemical.
(c) Spacing limitations of the nozzles.

Exception: In the case of pre-engineered systems, the rate of flowe need not be
considered since it is governed by the piping and nozzle limitations verified
by a nationally recogmzed testing laboratory.

3-3.1.1 The quantity of dry chemical and the flow rate shall
be sufficient to create a fire extinguishing concentration in all
parts of the enclosure.

3-3.1.2 The nozzies shall be placed so as to provide not less
than the minimum design concentration of dry chemical in all
parts of the enclosure. For fires in ordinary combustibles where
muitipurpose dry chemical shall be used for protection, additional
dry chemical applied by local application may be required in order
to protect adequately all exposed surfaces.

3-3.1.3 The nozzles shall
will not be obstrycted.

3-3.2 Volume Allowances,
‘|be protected, allowance shall be
cated structures, etc.,

be located so that the ‘discharge

In calculating the net volume to
permitted for perinanently jo-
that materially reduce the volume.
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3-3.3 - Rate of Application. In engincered systems the mini-
i design rate of application shalt be based on the quantity of dry
chemieal and the maximum time 10 obtain the design concentra-
tion.

Lxception: In pre-engineered systems, these fuactors are esteahlished Sor specific
velume and other conditions given in the listing of such systems by nationally
recognized testing laboratories. (See Appendix, A-3-3.7.)

3-3.3.1 In engineered systems, the rate of application shall
be such that the design concentration in all parts of the enclosure
shall be obtained within 30 seconds.

3-3.4 Compensation for Special Conditions. Additional
quantities of dry chemical, and additional nozzles, if necessary,
shall be provided to compensate for any special condition that may
adversely affect the extinguishing effectiveness of the system,

3-3.4.1 Unclosable openings having areas in excess of 1
percent of the total arca of the sides, top, and bottom of the enclosure,
and not exceeding 5 percent, shall be compensated for by the use of
supplemental dry chemical in the proportions of not less than 0.5 l.b.
per sq. M. of unenclosed opening, applied through the regular dis-
tribution systern. When the unclosable openings have areas exceed-
ing 5 percent of the total of the sides, top, and bottom of the en-
closure, and not exceeding 15 percent, compensation shall be fur-
nished by additional dry chemical -in the proportion of not less
than I Ib. per sq. ft. of unclosed opening, applied simultapequsly
by location application over the openings. A system that is listed
by a nationally recognized testing laboratory for or including. pro-
tection of unclosable openings may be used in liey of the zbove.

3-3.4.2 For ventilating systems that will not be shut down,
supplementary dry chemical shall be added 1o the protected volume
through the regular distribution system. The supplementary dry
chemical shall be added at the point or points of air inlet and shail
be in proportion to the volume of air removal during the period of
dry chemical discharge, calculating as if it were additional volume
to be protected.

Exception: Pre-engineered systems listed for restaurant hood and duct protection
are suitable for use with or without shutdown of the ventilation system or
closure of dampers.
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Chapter 4 Local Application Systems

4-1 General Information.

4-1.1 Definition. A local application system means a supply
of dry chemical permanently connected to a system of fixed piping
with nozzles arranged to discharge directly onto the fire.

| *41,2 ‘Uses. Local application systems shall be used for the ex-

tinguishment of fires in flammable or combustible liquids, gascs. and
shallow solids such as paint deposits, where the hazard is not en-
closed or where the enclosure docs not conform to the requirements

| for total flooding. Application of dry chemical shall be from nozzles
mounted on the tank side or overhead.

-4-1.3 General Requirements. Local application systems shall
be designed, installed, tested, and maintained in accordance with
‘the applicable requirements in Chapter 2 and with the additional
requirements set forth in this chapter.

4-2 Hazard Specifications.

4-2.1 Extent of Hazard. The hazard shall be so isolated from
other hazards or. combustibles that fire will not spread ouside the
protected area. The entire hazard shall be protected. The hazard
shall include all areas that are or may become coated by com-
‘bustible or flammable liquids or shallow solid -coatings, such as
areas subject to spillage, leakage, dripping, splashing, or condensa-
tion, and all associated materials or equipment such as freshly
coated stock, drainboards, hoods, ducts, etc., that might extend
fire outside or lead fire into the protected area.

Exception: Protection of the entire hazard may requive the combined use of
local application and total flooding systems such as in a restaurant kitchen
where the deep-fat fryers can be protected by a local application system
and the space above the grease filters in the hood can be profected by .a com-
bination local application-total fooding system.
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1-2.2 Location, The design of the system shall consider the
foeation of the hazard which ipay be im!nnrﬁ, party sheltered or
completely outdoors so as 1o prnvildt' a discharge that will not be
allected by winds or other stray air currents.

4-3 Dry Chemical Requirements and Distribution.
4-3.1 General. The following factors shall be considered in
the design of local application systems:
(a) Minimum quantity of dry chemical.
(b) Minimum flow rate.

{c) Nozzle distribution patteros.

id) Nozzle placement limitations with respect to Aammable

liguid surfaces.

(e} Possible ohstruction to nozzle distribution pattern.

Exception: In the case of the pre-engineered systems,’ the rate of flow need

not be considered since 1f is governed by the pipe and nozzle limitations
verified by « nationally recognized testing laboratory (see 4-3.3.7).

'4-3.2 Draft Conditions. The guantity of dry chemical, the
- drv chemical flow rate, and the number of novzies shall be sullicient
t(:‘extinguish fires under the most severe wind or the most severe

_draft conditions expected in the hazard area.

4-3.2.1 The maximum - allowable dra_ft condition shall be
that specified by a nationally recognized testing laboratory. -

4-3.3 Nozzle Placement. The nozzles shall be placed so as to
‘provide an extinguishing concentration of dry chemical over the
entire hazard during discharge.

4-3.31 The nozzles shall be placed about (tankside) and/or
above (overhead) the flammable liquid surf‘ace within the limits of
the listing in order to.prevent splashing during discharge.

4-3.4 Coated Susrfaces. Although it is recognized that fires on
coated surfaces are less severe than fires in deep layer flammable
liquids, such areas shall be treated as if they were deep layer flam-
mabic liquid arcas because no distinction hat been made in this

standard.

s e v e i
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4-3.5 Duration of Discharge. The minimum ellective dis-
| charge time shall be determined by the required minimum quantity
-of dry chemical and the minimum application rate.

Exception: In the case of pre-engineered systems, these factors need not be
considered since they ave governed by the piping and nozzle . limitations
gathered by a nationally recognized testing laboratory.

*4-3.5.1 In the case of engineered systems, the minimum
discharge time shall be increased to compensate for any hazard
condition that would require a longer discharge period to assure
complete extinguishment,

Exception: Hot saponifiable fats do not require an extended discharge period
when sodium bicarbonate-base dry chemical is the extinguishing agent.

4-4 Special Considerations.

4-4.1 Where systems protect hazards which are normally
heated, such as deep fat fryers, char broilers, upright broilers,
griddles and ranges in kitchens, or wax tanks, the power or fuel
supply to heaters shall be shut off automatically upon actuation of
the extinguishing systems.
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Chapter 5 Hand Hose Line Systems

"5-1 General Information.

5-1.1 Definition. Hand hose line systems means a hose and
nozzle assembly connected, by fixed piping or directly, o a supply
of dry chemical. A separate dry chemical supply may be provided
for hand hose line use, or dry chemical may be piped from a central
storage unit which may be supplying several hose lines or fixed
manually or automatically operated systems (se¢ 2-3.2 and 2-3.3).

-5-1.2 Uses. Hand hose line systems shall be acceptable tot
supplement fixed nozzle fire protection systems or to supplement
portable fire extinguishers for the protection of specific hazards for
which dry chemical is a suitable extinguishing agent. These sys-
tems shall not be used as a substitute for dry chemical fire extinguish-
ing systems equipped with fixed nozzles except where the hazard
cannot be adequately or economically provnc!ed with ﬁxeg:l nozzle
protection. The decision as to whether hose lines are applicable to

‘the particular hazard shall rest with the authority having juris-

diction.

5-1.3 General Requirements. Hand hose line systems shall be |
installed and maintained in accordance with the applicable pro-
visions of Chapters 2, 3, and 4, except-as outlined below.

5-2 Hazard Specifications.

5-2,1 Hand hose line systems shall be considered suitable for|
combatting fires in all hazards covered under Chapter 2 except
those which are inaccessible and beyond the scope of manuazl fire
fighting.

5-3 Location and Spacing.

5-3.1 Location, Hand hose line stations shall ‘be placed so
that they are easily accessible and have hose lines long enough to
reach the most distant hazard that they are expected to protect.
In general they shall be located so that they are not exposed to the
‘hazard.

5-3.2 Spacing. If multiple hose stations are used, they shall be
spaced so that any area within the hazard may be covered by one

‘or more hose lines.

5-3.3 Actuation. Manual actuation shall be possible at each
hose line station. '
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5-4 Dry Chemical Requirements,
*5-4.1 Rate and Duration of Discharge. The rate and dura-

tion of discr.arge, and conscquently the amount of dry chemical,.

shall be determined by the type and potential size of the hazard.
A'hand hose line shall have a sulficient quantity of dry. chemical to
permit its eTective use for a minimum of 30 seconds. The mini-
i mum flow rate shall also be sutlicient to prevent surging and inter-
rupted -discharge. These values for minimum flow rate shall be
confirmed by a nationally recognized testing laboratory.

5-4.2 ‘Provision for Use by Inexperienced Personnel. The
possibility of these hose lines being used by inexperienced personnel
shall be considered -and adequate provision made so that there will
be a-sufficient supply of dry chemical to enable them to effect ex-
tinguishment of fires in the hazards that they are likely to encounter.

5-4.3 Simultaneous Use of Hose Lines. Where simultaneous

use of nwo or more hose lines is possible, a sufticient quantity of dry

chemical shall be available to supply the maximum number of
nozzles that are likely to be uséd at any one time for at least 30
seconds and at the appropriate flow rates.

'5-5 ‘Equipment Specifications.

5.5.1 Hose. Hose lines on systems shall incorporate hose listed

~ for this use. Normally, identifying marking on the hose will indicate
. the acceptability of the hose for this purpose.

" 5-5.2 Nozzle Assemblies. Nozzles shall be so designed that
they can be handled by onc man and shall incorporate a quick-
opening shuwofl arrangement to control ‘the flow of dry chemical.

5-5.3 Hose Line Storage. The hose shall be coiled on a hose
reel or rack so that it will be ready for immediate use without the
necessity of coupling and may be uncoiled with a minimum of delay.
If installed outdoors, it shall be protected against the weather.

*5-5.4 Operation of Hose Lines.

5-5.4.1 The pressurizing valve shall remain in the open po-
sition during the entire fire fighting operation.

5+5.4.2 The hose lines shall be cleared of dry chemical im-
mediately afier use,

5-6 Training.

5-6.1 . All personnel who are likely to use this equipment shall

be kept properly trained in its operation and in the fire fighting
techniques applicable to this equipment.

ATPESNDIX A i l?”"du

Appendix A

A-1-1 Scope. ‘FThe dry chemical systems described in - this
standard are designed (o discharge dry chemical from fixed nozzles
and piping, or from hose lines by means of an expellant gas. The
intent of the standard is to present the design considerations ap-
plicable to these systems.

- Because the flow of dry chemical (solid particles suspended in a
gaseous medium) does not follow general hydraulic theories, most of
the flow principles have been determined experimentally. The dry

‘chemicals produced by various manufacturers are usually not
identical in all characteristics and each manufacturer designs

equipment for use with a specific dry chemical. Therefore, system
design principles applicable to the products of one manufacturer
are not applicable to the products of another manufacturer. As a
result, it is not practical to include system design details as a part
of this standard.

It is now generally accepted that the flame extinguishing proper-
ties of dry chemicals are due to the interaction of the particles to
stop the chain reaction that takes place in flame combustion. Dry
chemicals vary in their flame extinguishing -f:ffccu_venegs._ Multi-
purpose dry chemical owes its effectiveness in extinguishing fires
'in ordinary combustibles such as wood and paper to the formation
of a glow-retarding coating over the combustible material. . For
additional information on dry chemicals and their extinguishing
-characteristics, see Appendix A-2-1.

A-2-1 Agent Characteristics: A dry chemical extinguishing
agent is a finely divided powdered material that has been specially
treated to be water repellent and capable of being fluidized and
free-flowing so that it may be discharged through hose lines and
piping when under expellent gas pressure. Dry chemicals currently
in use may be described briefly as follows:

1. Sodium Bicarbonate (NaHCO3) Based Dry Chemical

This agent consists primarily of sodium bicarbonate and is suit-
able for use on all types of flammable liquid and gas fires (Class B)
and also for fires involving energized electrical equipment (Class C).

Its effect-on fires in common cooking oils :and fats isparticu!arly
good, as in combination with these materials the sodxqm b'u:ar-
bonate based agent reacts to form a -type ot: .s0ap (sapomﬁcatlon),
which floats on the hquid surfat_:c such as in deep fat fryers and
effectively prevents reignition of the grease.
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Standard for the Installation of Equipment for the
Removal of Smoke and Grease-Laden Vapors
* from Commercial Cooking Equipment

NFPA No. 96 — 1973

1973 Edition of No. 96

This edition of NFPA 96 supersedes the 1971 edition. 1t in-
corporates amendments recommended by the Committee on
Chimneys and Heating Equipment and adopted at the 1973
NFPA Annual Meeting.

. Changes, other than editorial, are denoted by a vertical line
in the margin of the pages.in ‘which they appear except new

Section 22 and revi_sed Section 10.

Origin and Development of No. 96

The subject of the ventilation of restaurant type cooking equip- .
ment was first considered by the NFPA Committee on Blower -

and Exhaust Systems. That Committee developed material on

" ventilation of restaurant type cooking equipment to be included

in NFPA Standard No. 91, Blower and Exhaust Systems. This
was adopted by the Association in 1946. Revisions to the Section

~ were adopted in.1947 and 1949. :

When the NFPA Committee on Chimneys and Heating Equip-
ment was organized in 1955, the material on ventilation of
restaurant cooking equipment in NFPA No. 91 was assigned to
this new Committee with the suggestion that it be revised and
published as a separate gtandard. Thus in recent years this
Standard has been published as NFPA No. 96 and this is the

latest edition thereof. Previous editions of the Standard pre-

pared by the Committee on Chimneys and Heating Equipment
were adopted by ‘the Associgtion in 1961, 1964, 1969, 1970, and
1971.
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SCOPE - - REQUIREMENTS - HOOD 96-3

Standard for the installation of Equipment for the

Removal of Smoke and Grease-Laden Vapors from
Commercial Cooking Equipment

‘NFPA No. 96 — 1973

1. Scope.

11, This edition of NFPA Standard Ne. 96 covers basic re-
quirements for the design, installation and use of exhaust sys-
tem components including (1) hoods; (2) grease removal de-

vices; (3) exhaust ducts; (4) dampers; (5) air moving devices; -

(6) auxiliary equipment; and (7) fire extinguishing equipment
for the exhaust system and the cooking equipment used there-
with in commercial, industrial, institutional and similar cooking
applications. This standard does not apply to installations for
normal residential family use. :

2. Requirements.

21. Cooking equipment used in processes producing smoke or
grease-laden vapors. shall ‘be equipped with an exhaust system
complying with the following:

211. A hood or canopy complying with the requirements of
Section 3, and

212. A duct system complying with the requirements of
Section 4, and

213. Grease removal equipment complying with the require-
ments of Section 6, and ‘

214. Fire extinguishing equipment complying with the re-
quirements of Section 10.
22. T required by the authority having jurisdiction, notification
in writing shall be given of any alteration, replacement, or

relocation of any exhaust or extinguishing system or part thereof,
or cooking equipment.

3. Hood or Canopy.

31. Materials.

‘311, The hood or that portion of a primary collection means
designed for collecting cooking vapors and residues shall be
constructed of and be supported by -steel not lighter than No. 18
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Manufacturers Standard Gage, stainless steel not lighter than
No. 20 Manufacturers Standard Gage or of other approved ma-
terial of equivalent strength, fire, and corrosion resistance.

32. Construction.

321. All seams and joints shall have a liquidtight continuous
external weld. : '

322. Troughs or gutters shall not be permitted except as
provided in Section 6.

-33. Hoods or enclosures of listed grease extractors or listed
automatic damper and hood assemblies, evaluated under the
same fire severity as the hood or enclosure of listed grease ex-

tractors, are considered as complying with the material and con-

struction requirements of Section 3. The clearances specified in
Section 7 shall be maintained.

‘4, Duct Systems.

41. Puct systems from hoods, canopies, or other collection
systems shall comply with 411 or 412.

411. Listed gi‘ea.se ducts installed in accordance with the
terms-of the listing and the manufacturer’s instructions.

412. Duets complying with the following requirements:

4121, Mareriavs. Ducts shall be constructed of and sup-
ported by steel not lighter than No. 16 Manufacturers Standard
(Gage or stainless steel not lighter than No. 18 Manufacturers
Standard Gage. :

4122, INSTALLATION REQUIREMENTS FOR INTERIOR Loca-
TIONS.

{a.) All seams and joints shall have a liquidtight continuous
external weld.

Nore: Temperatures in excess of 2,000 F. may be experienced within
ducts. in event of a fire. Means for expansion of long ?:ngths of ducts
should be provided.

{b.) All ducts should lead, as directly as possible, to the
-exterior of the building and shall be installed without forming
dips or traps which might collect residues.

{e.) Vertical ducts should be located cutside the building
and adequately supported. If absolutely necessary to locate
vertical ducts within a building, the ducts shail be enclosed in a

"-continuous enclosure constructed of materials which are not

combustible, such as masonry (see Appendix B), and extending
from the ceiling above the hood to or through the roof so as.to
maintain the integrity of the fire separations required by the
applicable building code provisions. The enclosure shall con-
form to the following: - _

(1.} If the building is less than 4 stories in height, the en-

* elosure wall shall have s fire resistance rating of not less than

1 hour.

(2.) If the building is 4 stories or more in height, the en-

closure wall shall have a fire resistance rating of not less than

.2 hours.

(8.) Clearance from the duct to interior surfaces of the
enclosure shall be not less than 6 inches.

(4.) If openings in the enclosure walls are provided they
shall be protected by approved self-closing fire doors of proper
rating. See Standard For Fire Doors and Windows, NFPA
No. 80-1973. ' '

(d.) Each duct system shall constitute an individual sys-
tem serving only exhaust hoods on one floor. ' :

(e.) Duct systems shall not be interconnected with any
other building ventilating or exhaust system.

(f.) An opening shall be provided at each change in direc-
tion of the duet for purposes of inspection and cleaning. Open-
ings shall be at the sides and large enough to permit cleaning.
In horizontal sections the lower edge of the opening shall be
not less than 114 inches from the bottom of the duet. Covers

 shall be constructed of the same material and thickness as the

duct and shall be greasetight when in place.
{g.) Ducts shall not pass through fire walls or fire partitions.
(h.) Where ducts pass through partitions or walls of com-

-bustible material the material shall be cut away to provide a
“clearance to the duct not less than 18 inches unless protection

is provided in accordance with Appendix B.

4123, INsTALLATION REQUIREMENTS FOR EXTERIOR LoCa-
TIONS.

(&) The vertical portion of exhaust ducts shall be connected
to the horizontal portion of the duct system and shall be in-

stalled and adequately supported on the exterior of a building. "

" (b.) All seams and joints shall have a liquidtight continuous
external weld. .

DUCT SYNTHMS %5
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Notk: Temperatures in excess of 2,000 F. may be ex erienced within
ducts in event of a fire. Means for expansion of long lengths of ducts
should be provided.

(e.) All ducts, except those constructed of stainless steel,

shall be protected on the exterior by paint or other suitable

weather-protective coating.

(d.) A residue trap shall be provided at the base of each
vertical riser with provisions for cleanout.

413. Termination of Ducts. Ducts shall extend above the
building in which located and shall terminate as follows:

4131. With at least forty (40) inches clearance from the
outlet to the roof surface.

4132. With a minimum of ten (10) feet of clearance from the
outlet to adjacent buildings, property lines, air intakes and ad-
joining grade levels,

4133. With the direction of flow of exhaust air away from the
surface of the roof. If such is not posgible, a metal pan shall be
‘provided on the roof surface to catch residues that pass through
the system. The pan shall have & minimum one (1) ineh lip
at all edges to retain residues and should be cleaned regularly
in accordance with Appendix C. :

8, Air Movement.

51. Exhaust Fans. Exhaust fans and motors shall be approved
and rated for comtinuous operation and shall be instalied to
-comply with the following requirements:

511. All wiring and electrical equipment shall comply with
the National Electrical Code, NFPA No. 70-1971. See Section 9.

512, When the fan is not visible a signal light shall be in-
stalled in the kitchen area to indicate when the fan is operating.

513. Means shall be provided for inspections, servicing, and
-¢leaning.
Nore: To offset the possibility of leaks in the duct system, it is
recommended the fan be located near the discharge end of the duect.

52, Air Flow. The air velocity through any duct shall not be

less than 1,500 feet per minute. Air volume through any duct
shall not be less than that specified in Appendix A.

53. Replacement Air. Adequate replacement air shall be
-provided as specified in Appendix A. :
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6. Grease Removal Devices.

61. Grease removal devices shall be provided .and shall consist
of one of the following types: :

611. Listed Grease Extractors. Listed grease extractors
shall be installed in accordance with the terms of the listing and
the manufacturer’s instructions.

612, Listed Grease Filters or Other Grease Removal (Not
Including Grease Extractors). Listed grease filters or other
listed means of grease removal shall comply with the following
requirements.

6121." MATERIALS.

(a.) Grease filters, including frames, or other grease re-

moval devices shall be construeted of noncombustible materials.

- {b). Greasge filter shall be a type listed for use with com-
mercial cooking equipment. - .

6122. INSTALLATION.

(a.) The distance between the grease filter or other grease
removal device and the cooking surface shall be as great as
possible. Where grease filters or other grease removal devices
are used in conjunction with charcoal or charcoal-type broilers,
including gas -or electrically heated char-broilers, a minimum
vertical distance of 4 feet shall be maintained between the
lower edge of the grease filter or removal device and the cooking
surface.

{b.} Grease filters or other grease removal devices shall be
protected from combustion gas ouflets and from direct flame
impingement oceuring during normal operation of cooking ap-

..pliances producing high flue gas temperatures sueh as deep fat

fryers, upright or high broiler (salamander broilers) when the
distance between the filter or removal device and the appliance
outlet (heat source) is less than 18 inches: This protection may
be accomplished by the installation of a steel or stainless steel
baffle plate between the heat source and the filter or removal
device. The baffle plate shall be so sized and located that flames
or combustion gases must travel a distance not less than 18
inches from the heat source to the grease filter or removal device.
The baffle shall be located. not léss than 6 inches from filters or
removal devices.

(c.) Filters shall be tight fitting and firmly held in place,
yet be easily accessible and removable for eleaning,

(d.) - Filters shall be installed at an angle not less than 45°
from the horizontal and shall be equipped with a drip tray be-
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neath the lower edge of the filters. The tray shall be kept to the
minimum . size needed to collect the grease and be pitched to
~drain to an enclosed metal container having a capacity not ex-

ceeding one gallon.

7. Clearance.

71. Hoods, grease extractors, and ducts shall have & clearance

of at least 18 inches to unprotected combustible material unless
listed.'foBr lesser clearances or protected in accordance with Ap-
pendix B. : R :

8. Dampers.

81, Dampers shall not be installed in ducts or duet systems

_unless specifically listed for such use or are required as part of a
listed grease extractor, an approved extinguishing system, or an
approved fan bypass system.

9. Auxiliary Equipment.

91. Wiring systems of any type shall not be installed in ducts.
‘Motors, lights and other electrical devices shall not be installed
in duets or hoods or located in the path of travel of exhaust prod-
ucts unless specifically approved for such use.

92. Lighting units having steel enclosures mounted on the outer

-gurface of the hood and separated from exhaust products by -

tight-fitting glass may be used. Lighting units on hoods shall
not be located in concealed spaces unless part of a listed grease
-extractor.

93, All electrical equipment shall be installed in accordance
with the National Electrical Code, NFPA No. 70-1971, with due
‘regard to the effects of heat, vapor, and grease on the equipment.

94. Fume incinerators or other devices shall not be installed
in duets or hoods or located in the path of travel of exhaust
products unless specifically approved for such use.

10. Fire Extinguishing Equipment.
'101. Approved fire extinguishing equipment shall be provided

for the protection of duct systems, grease removal devices, and -

hoods. Cocking equipment (such as fat fryers, ranges, griddles,
and broilers), which may be a source of ignition of grease in the
hood, grease removal device, or duct, shall also be protected by
approved extinguishing equipment. If acceptable to the au-
thority having jurisdiction, that portion of the fire extinguishing
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system required for protection of the duct may be omitted when
all cooking equipment is served by listed grease extractors. The
extipguishing equipment shall inelude both of the following
types:

1011. Automatiéally ‘operated ﬂxed_ pipe systems, or other
sutomatic systems specifically shall be listed for the hazard.

- 1012. Portable extinguishers installed in the kitchen area.
Those adjacent to cooking equipment shall include the alkaline
dry chemical type (sodium bicarbonate or potassium bicarbon-

ate base) having a rating of at least 20 BC. Other extinguishers
‘in the kitehen area shall be installed in accordance with Standard

for Installation of Portable Fire Extinguishers, NFPA No.
10-1972.

Note: Acidic base extinguishing materials, such 88 ammonium phos-
phate base m\dﬁpuﬁse types, ig:gede saponification. Therefore, if the
cookin; equigment ing protected involves exposed liquefied fat or oil
in depth such as fat fryers, extinguishers employing these extinguishing
agents are not recommended.

102. Listed fire extinguishing systems shall be installed in ac-
cordance with the terms of their listing and the manufacturer’s
instruetions. Other fire extinguishing equipment shall be in-
stalled in compliance with the provisions of the following ap-
plicable standards.

(a.) Standard on Carbon Dioxide Extinguishing Systems,
NFPA No. 12-1973.

(b.) Standard for the Installation. of Sprinkler Systems,
NFPA No. 13-1973.

(c.) Standard for the Installation of Foam-Water Sprinkler
Systems and Foam-Water Spray Systems, NFPA No.
16-1968.

(d.) Standard for Dry Chemical Extinguishing Systems,
NFPA No. 17-1973.

‘103. Fixed pipe extinguishing equipment shall be installed
to.conform with the following requirements: ‘

1031. A readily accessible means to manually activate the

* fire extinguishing system, except a sprinkler system, shall be -

provided in a path of exit or egress and shall be clearly identified.
Such means shal! be mechanical and shall not rely on electrical
power for actuation unless a reserve power supply is provided. -
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1032. Fixed pipe extinguishing systems, except automatic
sprinkler systems, in a single hazard area shall be arranged for
simultaneous automatic operation upen actuation of any one of
the systems. A single hazard area is one which

(a) includes all cooking equipment, hoods, and duct work
within 125 running feet of duct from any hoed served, and

-{b) any other cooking equipment, hobds, and duet work con-
nected by less than 125 running feet of duct from the closest hood

served. Bee Figure 1.
e : | 5"

AL AL

.BOTH 'A” AND 'B'MUST BE 125 FEET TO CLASSIFY

AS SEPARATE HAZARD AREAS, IF EITHER "A” OR

“B" 18 LESS THAN 125 FEET, BOTH PORTiONS ARE
TO BE CONSIDERED A SINGLE HAZARD AREA.

1033. The operation of any extinguishing system shall auto-
.matically shut off all sources of fuel and heat to all equipment
-protected by an extinguishing system or located under ventilating
equipment protected by an extinguishing system.

Note; ‘Electrically heated equipment other than fat fryers, need not
be shut off.

1034. Visual means shall be provided to show that the ex-
‘tinguishing system is energized if actuation is electrical.

1035. If required by the authority having jurisdiction, de-
tailed information of the system shall be submitted for review.

1036. Installation of systems shall be made only by persons
properly trained and qualified to install the specific system being
provided. The installer shall certify to the authority having
jurisdiction that the installation is in complete agreement with
the terms of the listing and the manufacturers instructions and/or
approved design.

Note: It is-recommended that such training und qualification be by the
manufacturer of the equipment being installed,
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11. Procédufes for the Use and Maintenance of -Equip;
ment,

111, Operating Procedures.

. 1111. Exhaust systems should be operated during all periods
of cooking and should be equipped with a timing device which
will continue the operation of the exhaust system for at least
two (2) hours after cooking devices are turned off to allow fat
iryers and other appliances to cool.

1112. Care must be exercized not to create flash grease fires by

lacing solid fats on preheated cooking surfaces, Solid fats

heated too rapidly can be ignited at the edges before entirely
melted.

1113. Filter equipped exhaust systems should not be oper-
ated with filters removed.

1114. Openings provided for replacing air exhausted through
ventilating equipment should not be restricted by covers,
dampers or any other means which would reduce the operating
efficiency of the exhaust system. )

1115. Instruections for manually operating the fire extinguish-
ing system should be posted -conspicuously in the kitchen and
should be reviewed periodically with employees by the manage-
ment. : '

1116. Listed grease extractors should be operated in ac-

-ecordance with the terms of their listings and manufacturer's

instructions. .

112, Inspeétion.

1121. An inspection and servicing of the fire extinguishing
system. by properly trained and qualified persons shall be made
at least every six months. All actuation components including
remote manual pull stations, mechanical or electrical devices,

detectors, ‘actuators, etc., shall be checked for proper operation.

during the inspection. In addition to these requirements, specific
inspection - requirements in the applicable NFPA standard (see

Section 102) shall also be followed. Fusible links shall be replaced
at least annually or more frequently if necessary to assure proper .

operation of the system. If required, cerfificates of inspection
and mainténance performed shall be forwarded o the authority

" having jurisdiction. .

Norte: It is recommended that such training and qualification be by the
manufacturer of the equipment being inspected and serviced.

1122. Depending on the amount of cooking equipment usage
the entire exhaust system, including grease extractors, should be

inspected daily or weekly to determine if grease or other resi- -
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. dues have been deposited within, When grease or other residues

are in evidence as deposits within the hood, grease removal
devices, and/or ducts, the system should be cleaned in ac-
cordance with 113,

113, Cleaning.

1131 Hoods, grease removal devices, fans, ducts, and other
appurtenances shall be cleaned at frequent intervals prior to sur-

faces becoming heavily contaminated with grease or oily:sludge.

Flammable solvents or other lammable cleaning aids shall not
be used. At the start of the cleaning process all electrical switches,

- detection devices and system supply cylinders shall be locked,

pinned, protectively covered and/or sealed to prevent the acci-

‘dental starting of fans or actuating the fire extinguishing system.
Care should be taken not to apply cleaning chemicals on fusible
Yinks or other detection devices of the automatic extinguishing

system. WHEN CLEANING PROCEDURES ARE COM-
PLETED, ALL ELECTRICAL SWITCHES, DETECTION
DEVICES, SYSTEM SUPPLY CYLINDERS, ETC., SHALL

'BE RETURNED TO AN OPERABLE STATE. COVER

"PLATES SHALL BE REPLACED AND DAMPERS AND

DIFFUSERS SHALL BE POSITIONED FOR PROPER
AIR FLOW.

Note: Satisfactory cleaning results have been obtained with a powder
eompound consisting of one part calcium ‘hydroxide and two paria calcium
- carbonate. This eompound saponifies the grease or oily sludge, thus makin,
it-eagier to remove and clean. .Proper ventilation musi be provided an
- gafety precautions taken if cleaning is done inside the duct or fan hous-
ings.

1132. Listed grease extractors should be operated and cleaned
in accordance with their listings and .the manufacturer's in-
structions. ’

12, Recommended Minimum Safety Requirements for

Cooking Equipment. -
121. Cooking Equipment.
1211. Coocking equipment should be approved based on:

1. Listings by a nationally recognized testing laboratory, or

2. Test data acceptable to the authority having jurisdiction.
1212. INSTALLATION.

(a.) All listed appliances should be installed in accordance
with the terms of their listings and the manufacturer’s instrue-
tions.

MINIMUM SAFETY REQUIREMENTS 96-13

(b.) All fat fryers should be installed with at least a 16-
inch space between the fryer and surface flames from adjacent
cooking equipment.

122. Operating Controls.

1221. Deep fat fryers should be equipped with a separate
high limit control in addition to the adjustable operating control
(thermostat) to shut off fuel or energy in the event the fat ex-
ceeds a temperature of 425F.
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- 42490, - CARBON DIOXIDE EXTINGUISHING SYSTEMS

. e , .

S -~ Tf the top of the pit is partially covered so that the open

area is less than 3 per-cent of the cubic foot volume expressed -

~in square feet, the quantity of carbon dioxide required may be
.determined on a total-flooding basis using an additional quan-
tity of gas for leakage compensation equal to one pound per
square oot of open area.

For pits exceeding the minimum specified depth limita-
tion, the discharge nozzles should be located at the two-thirds

level above the floor, providing that the discharge rate versus’

distance factor is not exceeded so that there will be no danger
of splashing any liquids that may be present. In any case, it is
preferable to keep the nozzles below the open top to minimize
the entrainment of air down into the pit. If the pit exceeds 20
feet in depth, it is desirable to locate the nozzles somewhat
above the two-thirds level from the floor to make sure of ade-
quate mixing within the pit. When the quantity of carbon
dioxide is computed on the basis of normal total flooding tech-
-niques, the nozzle should have sufficient velocity and turbu-
lence effects to completely fill the pit volume with a thoroughly
‘mixed -atmosphere of carbon dioxide and air.

12A-1
Standard on
Halogenated Fire Extinguishing Agent Systems—
Halon 1301

NFPA No. 12A-1973

1973 Edition of No. 1ZA

This standard was prepared by the National Fire Protection
Association Committee on Halogenated Fire Extinguishing Agent

Systems, and this edition was adopted at the Annual Meeting of .

the National Fire Protection Association held at St. Louis, Mo,,
May 14-18, 1973, ' :

The 1973 Edition makes numerous revisions and additions to

the 1972-Standard in both the main body and the appendix. This
is the result of improved technology and .advancement in the state

- of the art. '

Origin and Bevelo;ime_nt of No, 12A _
The Commiittee on Halogenated .Fire Extinguishing Agent

Systems was formed in the fall of 1966 and held its first meeting

during December of that year. The committee was organized into

four subcommittees, who separately prepared various portions of

the standard for review by the full committee at meetings held in
September and December 1967. : ‘

The Standard was submitted and adopted at the Annual Meet-
ing in Atlanta, Georgia, May 20-24, 1968. The 1968 edition was
the first edition of this Standard and was adopted in tentative form

" in accordance with NFPA regulations. In 1969 the committee de- -
. termined that the Standard had not yet been sufficiently tested and
elected to carry it in tentative status for one more year. It was

presented for official -adoption in 1970, The first official Standard

“was adopted at the annual meeting of the NFPA held at Toronto,

Ontario in May 1970.
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Standard on .

Halogenated Fire Extingunishing Agent Systems—
Halon 1301

NFPA No. 12A-1973
Introduction

L. Purpose. This Standard is prepared for use and guidance of
those charged with the purchasing, designing; installing, testing, in-
specting, approving, listing, operating, and maintaining halogenated-
agent extinguishing systems (Halon 1301), in order that. such
equipment will function as intended throughout its life,

-Pre-engineered systems (packaged systems) consist of system
components designed to be installed according to pretested limita-
tions as approved or listed by a nationally recognized testing lab-
oratory. Pre-engincered systems may.incorporate special nozzles,
flow rates, methods of application, nozzle placement, pressurization
levels, and quantities of agent 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. Pre-engi-
neered systems shall be installed to protect hazards within the lim-
itations which have been established by the testing laboratories
where listed: '

2. Scope. This standard contains minimum requirements for
halogenated agent fire extinguishing systems. It includes only the
necessary essentials to make the Standard workable in the hands of
those skilled in this field, Portable halogenated agent extinguishers.
are covered in NFPA No, 10, Installation of Portable Fire Extin-
guishers, and No. 10A, Maintenance and Use of Portable Fire Ex-
tinguishers.

Only those skilled in this work are competent to design and

. install this equipment. It may be necessary for many of these

charged with the purchasing, inspecting, testing, approving, operat-
ing, and maintaining this equipment to consult with an experienced
and competent fire protection engineer in order to effectively dis-

charge their respective duties. . P

3. Arrangement. This Standard is arranged as follows:
Introduction. o
_Chapter 1—General Information and Requirements.
- Chapter 2—Total Flooding Systems.
Chapter 3—Local Application Systems.
" Appendix—Explanatory.
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Chapters 1 through 3 constitute the body of the Standard and
contain the rules:and regulations necessary for properly designing,
installing, inspecting, testing, approving, operating, and maintain-
ing halogenated agent fire extingnishing systems.

The Appendix contains educational and informative material..

that will aid in understanding and applying this Standard.

4. Definitions. For purpose of clarification, the following general
terms used with special techmical meanings in this Standard are de-
fined: ‘

ArproveDrefers to approval by the -authority having jurisdic-
tion.

AUTHORITY HAVING JURISDICTION: The *authority
having jurisdiction” is the organization, office, or individual respon-
sible for “approving” equipment, an installation, or a procedure.

Notz: The phrase “aothority having jurisdiction™ is used in NFPA
standards 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 individual such as a fire chief, fire marshal, chief
of a fire prevention burcau, labor department, health department, build-
ing official, electrical inspector, or others having statutory authority. For
insurance purposes, an insurance inspection department, rating bureau,
-or other insurance company representative may. be the “authority having
" jurisdiction.”
‘In many circumstances the property owner or-his delegated agent as-
sumes ‘the role of the “authority having jurisdiction”; at government-
installations, the commanding officer, or a departmental official may be
the “authority having jurisdiction.”

L1sTED refers to the listing for the use intended, of devices and -
materials that. have been examined by and meet the recognized -

standards of such testing laboratories as the Factory Mutual Re-
search - Corporation, the Underwriters’ Laboratories, Inc., and
Underwriters’ Laboratories of Canada. All equipment shall bear a
label or some other-identifying mark. .

SHALL is intended to indicate requirements.

_ SHOULD is intended to indicate recommendations or that
which is advised but not required. :

NoRMALLY OCCUPIED AREA is one which is intended for oc-
cupancy. \

Other terms used with special technical meaning are defined
or explained where they occur in the Standard.
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CHAPTER [. GENERAL INFORMATION
AND REQUIREMENTS
1100, General Information.

1110. Scope. Chapter 1 contains. general . information; and
the design and installation requirements for all features that are.
generally common to all Halon 1301 (bromotrifluoromethane
CBrF;) systems,

*1120. Halon 1301. Halon 1301 is a colorless, odorless,
electrically nonconductive gas that is an effective medium for ex-
tinguishing fires,

1121.  According to present knowledge Halon 1301 extin-
guishes fires by inhibiting the chemical reaction of fuel and oxygen:

The extinguishing effect. due to cooling, or dilution of oxygen or
fuel vapor concentration, is minor.

1130. Use and Limitations. Halon 1301 fire extinguishing-
systems are useful within the limits of this Standard in extinguishing
fires in specific hazards or equipment, and in occupancies where an
electrically nonconductive medium is essential or desirable, where
cleanup of other media presents a problem, or where weight  vs.
extinguishing potential is a factor.

1131. Some of the more important types of hazards and:
equipment that Halon 1301 systems may satisfactorily protect in-
clude: ‘

1. Gaseous and liquid flammable materials.

2. Electrical hazards such as- transformers, oil switches and
circuit breakers, and rotating equipment.

3.. Engines utilizing gasoline and other flammable fuels.
4. - Ordinary combustibles such as paper, wood, and textiles.
5. Hazardous solids.

6. Electronic Computers, Data Processing equipment and
control rooms.

1132. Halen 1301 has not been found effective on the fol-
lowing: : '

1. Chemicals - containing: their own oxygen supply such as
cellulose nitrate.

2. Reactive metals such as sodium, potassium, magnesium,
titanium, zirconium, uranium, and plutonium. .

3. Metal hydrides. .
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i-133. Specific limitations are. placed on Halon 1301 total
flooding systems. See paragraphs 2112 and 2113.

1140. Duration of Protection. It is important that an effec-
tive agent concentration not only be achieved: but that it be main-
tained for a sufficient period of time to allow effective emergency
action by trained personnel. This is equally important in all classes
of fires since a persistent ignition source (e.g., an arc, heat source,

- oxyacetylene torch or “deep seated” fire) can lead to a reoccurrence

of the initial event once the agent has dissipated. Halon extinguish- -

ing systems normally provide protection for a' period of minutes
but are exceptionally effective for. certain applications.. Water sup-
-plies for standard sprinklers, on the other hand, are normally

designed to provide protection for one-half to 4 hours duration

but sprinklers may be less effective in' controlling many fires. The
designer, the buyer. and the emergency force in particular should
be fully aware of the advantages and limitations of each, the resid-
ual risks being assumed and the proper emergency procedures. =~

1150, Types of Systems. There are two types of systéms-

Tecognized in this standard:

Total Flooding Systems.
Local Application Systems.

1151.

centration, an enclesed space or enclosure about the hazard. = -

" 1152. © A Local Applicatibn System CQnsis.ts-of a-sup'pi'y.‘ﬂoﬁ o

Halon 1301 arranged to discharge directly on the burning material.

1160. Halon 1301 System.. A Halon 1301 system may ‘be

used to protect one or more hazards or groups.of hazards by means
of directional valves. Where two or more hazards may. be simul-
taneously involved in fire by reason of their proximity, cach hazard
shall be protected with an individual system with the combination
arranged to operate simultancously or be protected with a single
system that shall be sized and arranged to discharge on all poten-
tially involved hazards simultaneously. ‘

*1200. Safety.

1210. Hazards to Persommel. The discharge of Halon 1301
may create hazards to. personnel such as dizziness, impaired co-

ordination, reduced visibility and exposure to toxic decomposition

products.

A Total Flooding Systemi cdn'si'stsj_,_o_ﬁ__ a supply of
Halon 1301 arranged to discharge info, and fill to the proper con--

‘i’j .
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1211. Safety Requirements. In any proposéd use of Halon -
1301 where there is a possibility: that people. may be trapped in or
enter into atmospheres made hazardous, 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. Such safety items as. personnel training,
warning signs, discharge alarms, and breathing. apparatus shall be
considered.

1220. Electrical Clearances. All system components shall be
so located as to maintain standard electrical clearances from live

- parts. See Appendix A for Table of Clearances.

1300. Specifications, Plans and Approvals, .

1310. Specifications. Specifications. for Halon 1301 fire ex-
tinguishing systems shall be prepared with:care under the supervi-
sion of a competent engineer and. with the advice of the authority
having jurisdiction. The specifications shall.include all pertinent-
items necessary for the proper design of the system such as the
designation of the authority having jurisdiction, variances from the
standard to be permitted by the authority having jurisdiction and.
the type and extent of the approval testing to be performed after
installation of the system. . '

1320.. Plans. Where plans are required, they shall be pre-
pared with care under the supervision of a competent engineer and
with the advice of the authority having jurisdiction,

1321, ':T.hese plans shall be drawn to an indicated scale or be

-~ suitably dimensioned and shall be-made so they can be easily repro-

duced.

1322. These plans shall contain sufficient detail to enable an
evaluation of the hazard or hazards and the effectiveness of the
system, The detail of the hazards shall include the materials in-

- volved.in the hazards, the location of the hazards, the enclosure or

limits and isolation of the hazards, and the exposures to the hazard.

1323. The detail on the system shall include information
‘and calculations on the amount of Halon 1301, container: storage
pressure; internal volume of the container; the location and flow
rate of each nozzle including equivalent orifice area; the location,

- size and equivalent lengths of pipe, fittings and hose; and the loca-
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tion and size of the storage facility. Information shall be submitted
pertaining 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 property
the apparatus and deviees used: Any special features shall be
adequately explained. ‘

1330. Approval of Plans. Plans and calculations shall be
submitted for approval before work starts.

1331. When field conditions necessitate any material change
from approved plans; the change shali be approved.

1332. When such material changes from approved plans
are made, corrected “as installed” plans shall be provided.

*1340. Approval of Installations. The completed system shall
be tested by qualified. personmel to meet the approval of the au-
thority having jurisdiction. These tests shall be adequate to deter-
mine that the system has been.properly installed and will function
as intended. Only listed or approved equipment and devices shall.
be used in the systems.

1400. . Detection and Actuation.

1410. Automatic detection and automatic actuation shall be -

used except that other detection, and manual actuation only, may
be used if acceptable to the authority having jurisdiction. (See Ap-
pendix A-1420). :
Some points to be considered are:

hazards to personnel, -

. undesirable side reaction,

an increase in the hazard,
. other alternatives.

pnoop

1420. Automatic Detection. Automatic detection shall be by
any listed or approved method or device that is capabie of detecting
and indicating heat, flame, smoke, combustible vapors, or an ab-
normal condition' in the hazard such as: process trouble -that is
likely to produce fire.

1421. Heat detectors installed on standard spacing are about

equal to an ordinary sprinkler in response time. If detectors are
installed-at reduced spacing from that recognized in approvals or

12A-11

listings response time may be reduced. An adequate and reliable

source of energy shall be used in detection systems,

1430. Operating Devices., OQperating devices include I-Ialon.

1301 releasing devices or valves, discharge controls, and shutdown -

equipment, all of which are necessary for successfu] performance of
the system.

1431. Operation shall be by listed or approved ‘mechanical,
electrical, or pneumatic means. An adequate-and reliable source of
energy shall be used.

1432.  All-devices shall be designed for the service they will
encounter and shall not be readily rendered inoperative or suscepti-
ble to accidental operation. Devices shall be normally designed to

function properly from —20°F to 150°F (—30°C to 65°C) or

marked to indicate temperature limitations.

1433.  All devices shall be located, installed, or suitably prd—
tected so that they are not subject to mechanical, chemical, or other
damage which would render them inoperative.

1434. The normal manual control for actuation shall be lo-
cated so as to be conveniently and easily accessible at all times in-
cluding the time of fire. This control shall cause the complete sys-
tem to operate in its normal fashion.

1435. All automatically operated -valves controlling agent
release and distribution shall be provided with approved independ-
ent means for emergency manual operation, If the means for
manual actuation of the system required in 1410 provides approved
positive operation independent of the automatic actuation, it may

be used as an emergency means, The emergency means, preferably

mechanical, shall be easily accessible and located close to the
valves controlled. Emergency -actuation that can be accomplished
from one location is desirable. This does not Tequire the emergency
manual control on “reserve” containers to control any selector
valves or equipment beyond the containers.

1436. Manual controls shall not require a pull of more than
40 pounds (18.2Kg.) (force) nor a movement of more than 14
inches (36 ¢m.) to secure operation.
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the supply and discharge rate shall. be designed for releasing all of
the remaining containers, . : .

1438. All devices for shutting down supplementary equip-
ment shall -be considered integral parts of the system and shall
function with the system operation. '

1439. All manual operating devices shall be identified as to
the hazard they protect.

1440, Supervision. Supervision. of automatic systems. is -ad-

_visable where the possible loss because of any delay in actuation

may be high and/or where the detection or control systems are so
extensive and complex that they cannot be readily checked by vis-
udl or: other inspection. When supervision is provided it shall.be
so arranged that there will be immediate indication of failure. The
extent and type of supervision shall be approved by the authority
having jurisdiction. . . -

1450, Operating Alarms and Indicators.  Alarms and/or indi-
cators are used to indicate the operation of the system, hazards to
personnel, or failure of any supervised device. The type (audible,
visnal, or olfactory), number and location of the devices shall be
such that their purpose is satisfactorily accomplished. The extent
and type of alarms and/or indicator equipment shall be approved. -

1451.. A positive alarm or indicator shall be -provided to
show that the system has operated.

1452. Alarms shall be provided te give -positive warning of
a discharge or pending discharge where a hazard to personne] may
-exist. - '

1453.. Alarms indicating failure of supervised devices or
equipment shall give prompt and positive indication of any failure
and shall be distinctive from alarms indicating operation or hazard-
ous conditions.

: 1454, Warning and instruction signs at entrances to and
inside protected areas shall be provided.

1437. Where gas pressure from the system or pilot con-
tainers is'used as a means for releasing the remaining containers'
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1500.  -Halon 1301 Supply.

1510.  Quantities. The amount of Halon 1301 in the system
shall be at least sufficient for the largest single hazard protected or
group of hazards which are to be protected simultaneously.

1511. Where: uninterrupted protection is required, the re-
serve . quantity shall be as many multiples of these minimum
amounts as the authority having jurisdiction considers necessary.

1512. Both primary and reserve supplies for fixed storage
shall be permanently connected to the piping and arranged for easy
changeover, except where the atthority having jurisdiction permits

an-unconnected reserve. : :

1520. Quality. Specification MIL-M-12218B requires a tech-
nical purity of Hzlon 1301 as shown in Table 1520 below:
' Table 1520

Réquiremgnts for Halon 1301 (Bramotriﬂuofomethane]
Specification MIL-M-12218B+

Property’ Requirement
Brometiifluoromethane,
mole percent minimum 99.6

Chlorotrifiuoromethane, trifluoromethane,
difluorodichloromethane, chlorodifluoro-
methane, tetrafluoromethane,

mole percent maximum . 0.385
Bromodifluoromethane,

mole percent maximum ] 0.005
DPibromodifluoromethane,. ’ .

mole percent maximum . 0.005
Fixed gases in vapor phase,

percent by volume maximum 1.5-
Moisture in liquid phase, ‘ -

percent by weight maximum 0.001
High boiling residue, . o

percent by volume 0.05
HF, HBr, halogens and other acids, - i

mole percent maximum - None
Suspended matter, maximum None

tMay be obtained from: Naval Publications and Forms Center
5801 Tabor Avenue
Philadelphia, PA 19120

1530. Replenishment, The time needed to obtain Halon
1301 for replenishment to restore systems to operating condition
shall be considered as a major factor in determining the reserve
supply needed. . :
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1540. Storage Container Arrangement. Storage containers
and accessories shall be so Jocated and arranged that inspection,
testing, recharging and other maintenance is facilitated and inter-
ruption to protection is held to a minimum.

1541. Storage containers shall be located as near as possible
to the hazard. or hazards they protect, but where they will not be
exposed to fire or explosion, and preferably not located within the
" hazard area.

1542.  Storage cbntain_érs shall not be located so as to be

subject to severe weather conditions or be subject to mechanical,
chemical, or other damage. When excessive climatic or mechanical
exposures are expected, suitable guards or enclosures shall be pro-
vided. . .

1550,. Storage Containers. The Halon 1301 supply shall be

stored in containers designed to hiold Halon 1301 in liquefied form -

at ambient temperatures. Containers shall not be charged to a
filling density greater than 70 pounds per cubic foot (1.122 kg/
liter). They shall be superpressurized with dry nitrogen to 360 psig
+ 5% or 600 psig = 5% total pressure at 70°F (25.91 kg/cm?
abs. = 5% or 42.75 kg/cm? abs. + 5% total pressure at 20°C),

Containers shall be distinctively and permanently marked with the

‘type and quantity of agent contained .thercin, together with' the
degree of superpressurization,

_ 1551. . The Halon 1301 containers used in these systems shall
be designed to meet the requirements of the U.S. Department . of
Transportation or the Canadian Board of Transport' Commis-
- sioners®, if used as a shipping container. If not a shipping con-
tainer, it shall be designed, fabricated, inspected, certified and
stamped in accordance with Section: VIII of the ASME Unfired

Pressure Vessel Code; independent ‘inspection and certification ‘is

recommended. The design pressure shall be suitable for the maxi-
mum pressure developed at 130°F (55°C) or at the maximum con-
trolled temperature limit (see paragraph 1557).

* Subpart C. Section 178.36 to and including 178.68 of Title 49, Transporta-
tion, Code of Federal Regulations. Parts 170-190, Available from the Super-
intendent of Documents, U.S. Government Printing Office, Washington,
P.C. "20401. In Canada the corresponding information is set forth in the
‘Canadian Transport Commission’s Regulations for Transportation  of Dan-

%ertous_ Commeodities by Rail” available from the Queen’s Printer, Ottawa;
ntario.

1552. A reliable means of indication, other than weighing, -
shall be provided to determine: the pressure in refillabie containers.
The means of indication shall account for variation of container
pressure with temperature. '

1553. Charged containers shall be tested for tightness before
shipment in-accordance with an approved procedure. Shipping:
containers in service shall be hydrostatically retested for continuing .
service at least every 12 years in accordance with the test procedure
and apparatus set forth in the regulations of the. U.S. Department of
Transportation or Board of Transport Commissioners.

1554, When. manifolded, containers shall be adequately
mounted and suitably supported in a rack which provides for con-
venient individual servicing or content weighings. Automatic means
shall be provided to-prevent. agent loss from. the manifold if the
system is operated when. any containers are removed for mainte-
nance.

1555, Each system shall have a permanent nameplate speci-
fying the number, filling weight, and pressurization level of the con-
tainers. '

1556. In a multiple cylinder systerﬁ, all cylinders supplying
the same manifold outlet for distribution of agent, shall be inter-
changeable and of one select size and charge. :

1557. Storage temperatures shall not exceed 130°F (55°C)
nor be less than —20°F (-—29°C) for total flooding systems unless .
the system is designed for proper operation with storage tempera-
tures outside of this range. For local application systems, con-
tainer storage temperatures shall be within a range from +32°F
(0°C) to 4-130°F (55°C) unless special methods of compensating
for changing flow rates are provided. External heating or cooling
may be used to keep the temperature within desired ranges. When
special container charges are used, the containers shall be appro-
priately marked. '

1600. Distribution

*1610 Piping. Piping shall be of noncombustible material
having physical and chemical characteristics, such that its deterior-
ation under stress can be predicted with reliability. Special corro-
sion-resistant materials or coatings may be required in severely
corrosive atmospheres. Examples of materials for piping and the
standards covering these materials are: .
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Ferrous Piping: (Seamless) Black or Galvanized Steel Pipe:
ASTM A-53 or A-106, ANS! B-36.10.

Nonferrous Piping (Drawn, Seamless), Copper: ASTM B-88.
Flexible Metallic Hose: ANSI B140.1-72.

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 paragraph. See Appendix
A-1610 for stress calculations.

Schedule 40 steel pipe up to 4 in. nominal pipe size conforming.

to the above specifications is satisfactory for both the 360 psig

(25.91 kg/cm?) and 600 psig (42.75 kg/cm?).charging pressures.

specified in this standard.

Type M copper- tubing conforming- to the above specification
is satisfactory for all 360 psig (25.91 kg/cm?} charging pressure.

For 600 psig (42.75 kg/cm?) charging pressures Type M is satis-
factory for nominal sizes up to 34 inch, Type L up to 134 inch size
and Type K upto 2%4 inch size,

1611. Ordinary cast iron pipe or steel pipe conforming to:
ASTM A-120 shall not be used. ‘

1612,
where used shall be of approved materials and pressure ratings.

1620. Piping Joints. The type of piping joint shall be suitable

for the design conditions and shall be selected with. consideration.
-of joint tightness and mechanical strength. Example. of suitable

joints and. fittings are screwed, flanged; welded, brazed, flared and
compression.

1621. Examples of materials used for fittings are:
- Malleable iton 300 Ib class only—ASTM A-197
Ductile Iron 300 Ib class only—ASTM A-445
- Steel—ASTM A-234

Pressure temperature ratings have been established for certain
types of fittings. A list 'of ANSI Standards covering the different
types. of fittings are given Table 126.1 of ANSI B-31.1.0. Where
fittings not covered by one of these standards are used, the design
recommendations of the manufacturer of the fittings shall not be
-exceeded. The above listed materials do not preclude the use of
Othetl'1 materials which will satisfy the requirements of this para--
graph, .

1622. Ordinary cast iron fittings.shall not be used.

Flexible piping tubing or hoses. (in¢luding connections) -
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1623. All threads used in joints and fittings shall conform
to ANSI B-2.1. Joint compound, tape or thread lubricant. shall be
applied only to the male threads of the joint.

1624, Welding and brazing shall conform to ANSI B-31.1.0.
Brazing alloys shall meet or exceed ANSIL A-5 classification B
Cup-3. '

1625. - Copper stainless steel or other suitable tubing may
be joined with flared compression type fittings. The pressure-tem-
perature ratings of the manufacturer of the fitting shall not be ex~
ceeded. : ' : '

1630. Arrangement and Installation of Piping and Fittings.
Piping shall be installed in accordance with good commercial prac-
tice. Care should be taken to avoid possible -restrictions due to
foreign matter, faulty fabrication or improper installation.

1631. The piping system.shall be securely supported with
due allowance for agent thrust forces, thermal expansion and con-
traction and shall not be subjected to mechanical, chemical, vibra-
tion. or other damage. ANSI B-31.1.0. shall be consulted for
guidance on this matter. Where explosions are likely, the piping
shall be attached to supports that are least likely to be displaced:

1632. Piping shall be blown out before nozzles or discharge -
devices are installed. :

1633. In systems where valve arrangement introduces sec-
tions of closed piping, such sections shall be equipped with pressure -
relief devices or the valves shall be designed to prevent entrapment
of liquid. Where pressure-operated container valves are used, a
means shall be provided to vent any container leakage from the
manifold but which will prevent loss of the agent when the system
operates. :

1634. All pressure relief devices shall be of such design and
so located that the discharge therefrom will not injure personnel or
be otherwise objectionable. _ ‘

1640. 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. '

1641. Valves shall be protected against mechanical, chemi-
cal, or other damage.
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~ 1642. 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 container valves shall be listed and shall include siphon
tube, valve, discharge head and flexible connector. :

1650, Diséharge' Nozzles. Discharge nozzles shall be listed
for the use intended and for discharge characteristics. The discharge
nozzle consists of the orifice and any associated horn, shield, or
baftle.. '

1651. Discharge orifices shall be of corrosion-resistant
metal. :

1652. Discharge nozzles used in local application systems
shall be accurately located and directed-in accordance with the

system design requirements. as covered in 3300. Discharge nozzles .

- used- in local application systems SHAILL be so connected and
supported that they may not readily be put out of alignment.

1653. Discharge nozzles shall be permanently marked: to
identify the nozzle and to show thé equivalent single orifice diam-
eter regardless of shape. and number- of orifices. This equivalent
diameter shalt refer to the orifice diameter of the “standard” single

orifice type nozzle having the same flow rate as the nozzle in ques-

tion. The marking shall be readily discernible after installation. The

“standard” orifice is an orifice having a rounded entry with coeffi- |
cient of discharge not less than 0.98 and flow characteristics as .
given in Table 2, For equivalent orifice diameters, the code given in:

- Table 1 may be used. _ '

1654, .Dischal;ge- nozzles shall be provided with frangible
discs or blow-out caps where clogging by foreign materials is likely.

These devices shall provide an unobstructed: opening upon system.

" operation. :

*1660. Pipe and Orifice Size Determination. Pipe sizes and
orifice areas shall be selected on the basis of calculations to deliver
the required rate of flow at each nozzle. :

1661. Figures 1 and 2 shall be used to determine the pres-
sure drop in the pipe line: The system shall be designed based on a
70°F ambient temperature.

1662. Flow shall be calculated on the basis of an initial
storage pressure of 600 or 360 psig. (42.75 or 25.91 kg/cm? abs.)
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(as applicable) adjusted for the initial drop in. storage pressure
required to fill the piping system. The discharge rate for equivalent
orifices shall be based on the values given in Table 2, Design nozzie
pressures shall be not less than 200:psig; '

Table 1. Equivalent Orifice Sizes
‘ Equivalent Equivalent
Single Orifice Single Orifice -
Orifice Code No. Diameter-Inches Area-Sq. In.
- 026 00053
N 1/16 .00307
- .070 00385
_ 076 _ 00454
- 5/64 0048
.081 . 00515
086 00581
3 3/32 0069
34 7/64 0094
4 1/8 .0123.
44 9/64 0155
5 5/32 0192
54 11/64 0232
6 - 3/16 0276
64+ 13/64 0324
7 7/32 0376
T+ 15/64 0431
8 1/4 0491
84+ 17/64 05547
9 9/32 0621
94 19/64 0692
10 : 5/16 0767
11 © 11732 0928
12 3/8 1108
13 13/32 .1296
14 7/16 .1503
15 : 15/32 1725
16 i2 .1964 .
18 9/16 2485
20 5/8 3068
22 11/16 3712
24 L 4418
32 1 785
48 1172 . 1.765
64 2 3.14

NoTe: The orifice code number indicates the equivalent single orifice diam-
eter in 1/32 inch increments. A plus sign following. this- number
indicates equivalent diameters 1/64 inch greater than that indicated
by the numbering system (e. g.,.No. 4 indicates ap equivalent orifice
diameter of 4/32 of an inch; a No. 44, 9/64 of an inch),
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Fig..1. Pressure drop vs. flow in steel pipe.

1663. Flow calculations shall be performed to insure that
the adjusted storage pressure and the pressure losses due to flow
are within 3 psig of each other,

1700.  Inspection, Mainfenance and Instractions.

1710. Inspection and Tests. At least annually, all systems
shall be thoroughly inspected’ and tested for proper operation by
competent personnel, :

GENERAL INFORMATION AND REQUIREMENTS 12A-21

Pressure ;tbove

Table 2. Halon 1301

ORIFICE DISCHARGE RATES 70°F TEMPERATURE

Orifice.
psig
200
210
220
230
240
250:
260
270
.280
250

310
320

130~

340

350
360
370
380

390.

400
410
420

430 .

440

450
460

470
480
490

500
510
520
530
540

550
560
570
580
590

600

Discharge Rate, Lb/sec—in**:
At 600 psig At 360 psig
Storage Pressure Storage Pressure
- 10.3 19.3
11.3 21.4
124 23.5
13.5 25.9
14.6 28.3
15.8 30.8.
17.1. 334
18.4 . 36.1
19.7 39.0
21.1 41.9
22.5 450
24.0 48.1
255 514
270 54.8
28.7 58.2
304 61.8
321 65.5
33.9
357
375
3194
414
434
454
41.5
49.7-
51.8
54.1°
56.4
58.7
61.1
63.5
659
68.5
71.0
73.6
76.3
790
- 817
84.5
87.4

* Orifice discharge coeflicient = 0.98
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Fig. 2. Pressure drop vs. flow in copper tubing.
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1711. The goal of this inspection and testing shall be to.
ensure that the system is in full operating condition.

1712. Suitable discharge. tests shall be made when inspec-
tion indicates their advisability.

1713. 'The inspection report with recommendations shall be
filed with the-owner. . -

1714. Betiveen the regolar service contract- inspection or
tests, the system shall be inspected visually or otherwise by com-
petent personnel, following an approved schedule and procedure.

1715. At least semiannually, the weight and pre'ssure of re-
fillable containers shall be checked. If a container shows a loss in-

net weight of more than 5 percent or a loss in pressure (adjusted .

for temperature) of more than 10 percent, it shall be refilled or re-
placed. ' : L :

1716. Factory charged nonrefillable containers which do not.

have a means of pressure indication shall be weighed at least semi- .
annually. If a container shows a loss in net weight of more than 5

percent, it shall be replaced.

1717. The weight and pressure of the container shall be re-
corded on a tag attached to the container. :

#1720. Maintenance. These systems shall be maintained in -

full operating condition at all times. Use, impairment, and restora-
tion of this protection shall be reported promptly to the authority.
having jurisdiction., :

1721. Any troubles or impairmenté shall be corrected at
once by competent personnel.

" 1730. Instruction. All persons who may be expected to in-
spect, test, maintain, or operate fire extinguishing systems shall be

thoroughly trained and kept thoroughly trained in- the functions

they are expected to perform.
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CHAPTER 2. TOTAL FLOODING SYSTEMS

*2100. General Information.

2110. Uses.. This type of system may be used where there is a
fixed enclosure about the hazard that is adequate to enable the re-
quired concentration to be built up and maintained for the re-
quired period of time to ensure the effective extinguishment of the
fire in the specific combustible materials involved where the am-

- bient temperatuie is above —70°F.

2111, Total flocding systems may’ provide fire protection
within rooms, vaults, enclosed machines, ovens, containers, storage
tanks and bins. Where ambient temperatures exceed 900°F. (See
paragraph A1202.) :

' *2112. Halon 1301 total flooding systems shall not be used
in concentrations greater than 10 percent in normally - occupied.
arcas. For the purposes of this standard, a “normally occupied”
area is defined as an area intended for occupancy. Areas which may
contain 10 percent Halon 1301 should be evacuated immediately
upon discharge of the agent. Where egress cannot be accomplished
within one minute, Halon 1301 total flooding systems shall not. be

used ‘in normally occupied areas in concentrations greater than 7
percent. - ; :

2113, Halon 1301 total flooding systems utilizing concentra-
tions greater than 10-percent but not exceeding 15 percent may be
used in areas not normally occupied, provided egress can be accom-
plished within 30 seconds. Where egress cannot be accomplished
within 30 seconds or concentrations. greater than 15 percent must

be used, provisions shall be made to prevent inhalation by person-
nel.

2120. General Requirements. Total flooding systems shall

‘be designed, installed, tested and maintained in accordance with

the applicable requirements in Chapter 1 and with the additional
requirements set forth inthis chapter.

2200. Hazard Specifications.

2210.  Types of Firés. Fires which can be extinguished by
total flooding methods may be divided into three- categories:

1. Fires involving flammable liquids.or gases.

2. Surface fires involving flammable solids. :

3. Deep-seated fires, such as can occur with certain Class A
materials subject to spontaneous heating, smoldering, .and
high heat retention.

TOTAL FLOODING SYSTEMS 12A-25

2211, Flammable liquid and gas fires are subject to prompt -
extinguishment when Halon: 1301 is guickly 1qtrod_uc9d into. the.
enclosure in sufficient quantity to provide an extinguishing concen-
tration for the particular materials involved. NFPA No. 69, Inerting
for Fire and Explosion Prevention should be referred to when the.
possibility of flammable concentrations from gas leakage dictates
explosion protection techniques.

2212, Surface fires associated with the burning of solid mate-
rials are also quickly extinguished by Halon 1301. In many solid’
materials, smoldering combustion may contitiue at the surface of
the fuel after extinguishment of the flames. These: surface embers
will normally be extinguished by low concentrations of Halon 1301
maintained for short periods of time.

2213, Deep-seated fires may becorp_e esta_blished beneath the
surface of a fibrous or particulate material. This may result from" .
flaming combustion at the surface or from ignition within the mass
of fuel. Smoldering combustion then progresses slowly throug_h- the -
mass. A fire of this kind is referred to in this standard as a “deep-
seated” fire. The burning rate of these fires can be reduced by the
presence of Halon 1301, and they may be extinguished if a high
‘concentration can. be maintained for an agieqlgate soak1_ng time.
However, it is not normally practical to maintain a sufficient con-~-
centration of Halon 1301 for a sufficient time to extinguish a deep-
seated fire. : .

2220. Enclosare. In the design of total flooding systems, the
characteristics of the enclosure must be considered as follows:

*2221, For all types of fires, the area of unclosable openings
shall be kept to a minimum. These openings shall be compensated
for by additional quantities of agent according to the design pro-
cedures outlined in Appendix A-2530. The authority having juris-
diction may require tests to assure proper performance as defined
by this standard. ' :

2222, To prevent fire from spreading through openings to
adjacent hazards or work areas and to make up for leakage of the
agent, openings shall be compensated for with automatic closures,
screening nozzles or additional agent, and shall be arranged to op-
erate simultaneously with system discharge. The agent required by
screening nozzles shall be in addition to the normal requirement for-
total flooding. Where reasonable confinement of agent is imprac-
ticable, protection shall be extended to include the adjacent hazards
or work areas. :

2223. For deep-seated fires, forced air ventilating systems
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shall be shut down or closed with the start of agent discharge; or,

additional compensating gas shall be provided. Refer to Appendix.

A-2530.

2224. For surface fires, forced air ventilation may also be .

required to be shut down or closed with the start of agent dis-
charge; or, additional compensating gas may need to be provided.
Refer to Appendix A-2530.

- *2300.. Halon 1301 Requirements for Liquid and Gas Fires.

2310. General. The quantity of Halon 1301 for fires in-
. volving flammable liquids and gases is based upon normal condi-

tions with the extinguishing system meeting the requirements spec-

ified herein.

2320. Flammable Materials. . In the determination of the de-
sign concentration of Halon 1301, proper consideration shall be
given to the type and quantity of flammable material involved, the
conditions under which it normally exists in the hazard, and any
special conditions of the hazard itself. For a particular fuel, two
minimum levels of Halon 1301 concentration may be used: either

Table. No. 3 :
Halon 1301 Des}gin Concentrations
S or
\iiv. Flame Extinguishment
IN AIR AT 1.0 Atm. and 70°F
.. Concentration®: =
' % by Volome

L Mkl

Commercial Denatured
Alcohol - =
n-Butane

i-Butane

Carbon Disulfide.

Carbon Monozxide

Ethane

Ethyl Alcohol

Ethylene

n-Heptane -

Hydrogen

Methane

Propane

Kerosene

Petrolezm Naphtha

* Includes a safety factor of 10 percent minimum above experimenta!l thres-
hgld. vacllues. For other temperatures or pressures, specific test data shall be
obtained. '
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is- permitted for situations: where only flame extinguishment is re-
quired; the higher level of concentration shall be used where com-
plete- inerting is required: to. prevent.a subsequent reflash or possi-
ble explosion: . L )

Appendix A-2300 contains additional guidelines for determin-
ing the concentration level which should be selected: for a.par-
ticular hazard.

2321, Flame Extinguishment Data. Table No. 3 gives the-

minimum design concentration required to-extinguish normal fires

involving certain flammable gases and liquids at atmospheric pres--

sure.. These values are permitted if it can be shown that a probable
explosive atmosphere cannot exist in the hazard as a result of the
fire. An explosion potential is:improbable when:

(a) The quantity of fuel permitted in the enclosure
is less than that required to develop a maximum concentration -

equal to one-half of the lower flammable limit. Additional informa-

tion is given in Appendix A-2100 and 2300. : _
(b) The volatility of the fuel before the fire is too

jow to reach the lower flammable limit in air (maximum. ambient

temperature or fuel temperature does not exceed the closed cup:
flash. point temperature), and fire may be expected to burn less

than 30 seconds before extinguishment. -

2322, Inerting Data. Table No. 4 gives flammability peak.

Table: No. 4
Halon 1301 Design Concentrations
for
. Imerting ‘
"IN.AIR AT 1.0 Atm. and 70°F

Minimum
: Design Concentration*
©___ Material % by Volume
Acetone
‘Benzene
i-Butane
Carbon Disulfide
Diethyl Ether
Ethyl Alcohol
 Ethyl acetate
Ethylene
Hydrogen
" p-Heptane
yp4-
Methane
-j-Pentane
Propane

* For other temperatures or pressures; Epeciﬁc; test data sha

b
W

-

. o .
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i be obtained.
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data obtained with Halon 1301 for several materials. These values
shall be used when the conditions of 2321 are not or cannot be met.
The- concentrations shown: are greater -than those given in Table
No. 3, and are sufficient to “inert” the -atmosphere against all pro-
portionis of fuel in air. Specifically, they should be used in the fol-
lowing situations: =~

() The quantity of fuel.in the enclosure is greater

than that permitted in 2321(a).

: (b) The volatility of the fuel is greater than that
permitted in 2321(b). .

' (c) The system response is not rapid enough to de-
tect and extinguish the fire before the volatility of the fuel is in-

creased to a dangerous level as a result of the fire.

2323. For materials not given in the above tables, the Halon -

1301 design concentration shall be obtained by test of flame ex-
tinguishing effectiveness plus a 10 percent mimimum-safety factor
or by determination of the inerting concentration. -

2324. For combinations of fuels the values for the fuel re-
quiring the greatest concentration shall be used,

2325. Where gaseous or- highly volatile or atomized fuels

- are expected, additional protective measures such as actuation by
hazardous vapor detectors are recommended. NFPA Standard
No. 69 covering explosion suppression techniques should also be
consulted for such situations. ‘

*2400. Halon 1301 Requirements for Fires in Solid Materials.

2410. General. Flammable solids may be classed as those-

which do not develop deep-seated fires, and those which do. Mate-
rials which do not become deep-seated undergo surface combustion
only and may be treated much as a flammable liquid fire, Most
materials which develop deep-seated fires do so after exposure to
flaming - combustion for a certain length of time which varies with
the material. In others, the fire may begin as deep-seated through
internal ignition, such as spontaneous heating.

2420. Solid Surface Fires. Almost all flammable solids begin
burning on the surface, In many materials, such as unfilled plastics
(without filler materials), surface combustion is the only type that
occurs. These fires are readily extinguished with low concentrations,
(e.g., 5% ) of Halon 1301. Although glowing embers may remain
at the surface of the fuel following extinguishment of flames, these
embers will be completely extinguished within a short time (e.g.,
10 minutes) provided the Halon 1301 concentration is maintained
around the fuel for this time (called “soaking” time).

TOTAL FLOODING SYSTEMS -
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2430. Deep-Seated Fires. Halon 1301, like other halogenated
hydrecarbons, chemically inhibits the propagation. of flame. How-
ever, although the presence of Halon 1301 in the vicinity of a
deep-seated fire will extinguish the flame, thereby greatly reducing-
the rate of burning, the quantity of agent required for complete: ex--
tinction of all'embers is difficult to assess. It depends on the nature
of the fuel, its state of comminution, its distribution within the
enclosure, the time during which it has been burning, the ratio of
the area of the burning surface to the volume of the enclosure; and
the degree of ventilation in the enclosure. It is usually difficult or im-
practical to maintain an adequate concentration for a sufficient time
to ensure the complete extinction of a deep-seated fire (see Appen-
dix A-2400). ' :

2431, Where the solid material is in such a form that a
deep-seated fire can be established before.a flame extinguishing con-
centration has been achieved, provision shall be made to the satis-
faction of the authority having jurisdiction for means to effect com-
plete extinguishment of the fire (see A-2400). )

2500. Determination of Halon 1301 Quantity for Total Flood-
ing Systems.

2510. General. The Halon 1301 concentration requirements
established. in Sections 2300 and 2400 are converted into agent
weight requirements through mathematical computations- consider-
ing the volume of the hazard and tht_e‘spemﬁc volume of the
superheated Halon 1301 vapor. In addition to the concentration -
requirements, additional quantities of ‘agent may be required to
compensate for unclosable openings, forced ventilation or other
special conditions which would affect the extinguishing efficiency.

*2520. Total Flooding Quantity. Figure 3 depicts the specific

volume of superheated Halon 1301 vapor at various temperatures.

"The amount of Halon 1301 required to achieve the design concen-
tration is calculated from the following formula:

Wel(G8s) Y
s .\ 100—C ' .

W = Weight of Halon 1301 required, pounds

s.= Specific volume superheated Halon 1301, cubic feet/pound
C =— Halon 1301 concentration, % by volume

V = Volume of hazard, cubic feet
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SPECIFIC VOLUME-CU.FT./ LB. (8)
N

2.0

19

1.8

~70 -40 0 40 80 - 120 160
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Fig. 3 Specific.volume of superheated Halon 1301 vaper (at 1 utmosphére).

This calculation includes an allowance for normal leakage from a

“tight” enclosure due to agent expansion. Since the amount of gas

and, therefore, the concentration produced by a given weight of

- Halon 1301 is greatly affected by the temperature it encounters, the -

specific volume of superheated Halon 1301 vapor for ‘the lower

operating minimum anticipated ambient temperature limit shall be .

used in the design of a Halon 1301 total flooding system. Table 5
is a tabulation of the Halon 1301 weight per cubic foot of hazard
volume required to produce the specified concentration of various
hazard temperature conditions.

TOTAL FLOODING SYSTEMS 12A-31

All Halon 1301 total flooding systems-shall be capable of pro-

ducing the required concentration of agent under the conditions. of

maximum net volume (gross volume of the hazard minus the vol-
ume occupied by solid objects), maximum ventilation and -mini-
‘mum anticipated ambient: temperature. In areas where wide varia-
tions in net volume are encountered under normal’ operations such

as storage rooms, warchouses, etc., or. where wide vartations in

ambient temperatures are experienced as in unheated rooms, the
agent concentration generated under these eXtremes shall be cai-
culated to determine compliance with paragraphs- 2112 and 2113,

#2530, Special Conditions. Additional quantities of Halon
1301 shall be provided to compensate for any special conditions,
such as unclosable openings, forced ventilation, or other causes of
agent loss. It shall be the responsibility of the system designer to
show that such conditions have been taken into account in the
design of a system. :

2600. Disiribution System.

2610. General. The distribution system f()r‘applying Halon
1301 to enclosed hazards shall be designed with due consideration
for the materials involved, the type of burning expected, and the

nature of the enclosure. These factors all may affect the discharge .

times and rates of application.

%2620, Rate of Application. The minimum design rate of ap-

plication shall be based on the quantity of agent required for.the -
. desired concentration and the timie allotted to achieve the desired:
- -concentration. .. ..

~ 2621. Discharge time. The agent discharge shall be sub-
‘stantially completed in a nominal 10 seconds. or-ashorter time if
practicable, unless a longer discharge time is specifically permitted
by the authority having jurisdiction. This period shall be measured
as the interval between the first appearance of liquid at the nozzie
and the time when the discharge becomes predominantly gaseous.
This point is distinguished by a marked change in both the sound
and the appearance of the discharge.

2630. Extended Applicaﬁon Rate. Where leakage is appre-

ciable and the design concentration must be obtained quickly and
maintained for an extended period of time, agent quantities pro-
vided for leakage compensation may be applied at a reduced rate.

2631. This type of application is particularly suitable to en- E
closed rotating electrical apparatus, such as generators, motors and.
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convertors, and also may be needed for total floeding protection
-of deep-seated fires. :

2632. The initial discharge shall be completed within the

limits specified in paragraph 2620.

2633, The rate of extended discharge shall be sufficient to
maintain the desired concentration for the duration of application.

2640, Piping and Supply. Piping shall be designed in accord-
ance with the requirements outlined in-Chapter 1 to deliver the re-
quired rate of application at each nozzie.

2650. Nozzle Choice and Location. Nozzles used with total

~ flooding systems shall be of the type listed for tne intended purpose, .

and shall be located with the geometry of the hazard and enclosure
- taken into consideration. ‘ o

2651, ' The type of nozzles selected, their number, and their
placement shall be such that the design concentration will be estab-
lished in all parts of the hazard enclosure, and- such that the dis-
charge will' not unduly splash flammabie 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 de-

. sign and-discharge characteristics and shall be selected on the basis

of their adequacy for the use intended, Nozzles shall be placed

within the hazard area in compliance with listed limitations with re-

gard to spacing, floor coverage and alignment.
2700. Venting Consideration.

2710. Genmeral. Venting of an enclosure may be necessary to
relieve pressure build-up due to the discharge of large quantities of
Halon 1301. Appropriate pressure relief depends on the injection
rate of the Halon 1301 ard enclosure strength.

2720. Pressure Relief Vent_ihg.. Porosity and leakages such as
around doors, windows and dampers, though not readily apparent

or easily calculated, will usually provide sufficient relief for Halon .
1301 flooding systems without need for additional venting.- Record.

storage rooms, refrigerated spaces and duct work also generally
need no additional venting. ‘

T i i ».ﬁ,. i
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2721. For very tight enclosures, the area necessary for free
venting may be calculated from the following formula, taku_lg the
specific volume of Halon 1301 vapor at 70°F to be 2.56 cubic feet

r pound:
P , 1320

VP

x-—Free venting area, sq. in.
O—Halon 1301 injection rate, 1b. per sec. .
p—Allowable strength of enclosure, 1b./sq. ft.

X =

o Table No. 6 .
. Strength and Allowalile Pressures for Average Enclosures
PRESSURE
Windage -
Type Construction miles/hour Ib/sq. ft. - In Water psi--
Light Building . - 100. 25% s ams
Normal Building 140 50f 10 35
Vault Building 200 100 20 70

* Venting sash remains closed.
+ Venting gash designed to open freely. .
2722 In many instances, particularly when hazardous ma-
terials ‘are involved, relief openings are already provided for explo-
sion’ venting. These and other available openings -often- provide
adequate venting. : T R ‘
© 2723, Table 6, based on general constriction practices, pro-
vides ‘a-guide for considering the normial strength and allowable
‘pressures of average enclosures. | o . ,
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CHAPTER 3. LOCAL APPLICATION SYSTEMS.

*3100. General Information.

3110. Uses. Local application systems are used where there
is no fixed enclosure about the hazard or hazards and for the pro-
tection . of individual hazards in large enclosures. Where deep-
seated fires are expected, the total flooding requirements of Chap-
ter 2 apply.

3111. Examples of hazards that may be successfully. pro-

tected by local application systems include dip tanks, quench-

tanks, spray booths, oil-filled electric transformers, vapor- vents,
and similar types of hazards.

3112. For all Halon 1301 local application systems located
in normally. occupied confined spaces, the calculations described in
paragraph 2520 shall be performed to determine the volumetric
concentration of the :agent developed in that volume. The limita-
tions of use shall be governed by the requirements of paragraph

.2112 and 2113. Since it is not the object of a local application

. system to distribute the agent evenly throughout the entire volume,
-~ locally high concentrations may be experienced. :

-3120.. General Requirements. Local application systems.

shall be designed, installed, tested and maintained in accordance
. with the applicable requirements of Chapter 1 and with the addi-
tional requirements set forthin this chapter.

3200. Hazard Specifications.

3210. 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 haz-
ard shall include all areas that are or may become coated by com-
bustible liquids or thin solid coatings such as areas subiect to
spillage, leakage, dripping, splashing, or condensation, and all asso-
ciated 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. ' '

3211. When a series of interexposed hazards is subdivided
into smaller groups or sections, the systems for such hazards shall
be designed to provide immediate independént protection to the
adjacent groups or sections.
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3220. Location of Hazard.. The hazard may be indoors. or
artly sheltered. If the hazard is completely out of doors, it is.es-
sential that the agent discharge be such that winds or strong air cur-
rents'do not impair the protection. It shall be the responsibility of
the system designer to show that such conditions. have been taken
into account in the design of a system. .

%3300. Halon 1301 Requirements.

3310. General. The quantity of agent required for local ap-
plication systems shall be based on liquid discharge only and on
the total Tate of discharge needed to protect the hazard and the time
that the discharge must be maintained to assure complete extin-
guishment.

3311. Since only the liquid portion of the-discharge is ef-
fective in this application, the computed quantity-of agent shall be
increased to compensate for the residual agent in the storage con-
tainer at the end of liquid flow. This additional agent is not re-
quired for the total flooding portion of a combined total flooding.
and local application system.

*3312. The system shall be designed to compensate for any
agent vaporized in the pipe lines due to heat absorption from the

piping.

3320. Rate of Discharge. Nozzle discharge rates shall be de-
termined as outlined below: .

3321. If part of the hazard is to be protected by total flood-
ing, the discharge rate for the local application portion of the sys-
tem shall be maintained for a. period not less than the discharge
time for the total flooding portion.

3322. The minimum design rate (R,) shall not be less than
the optimum rate (R,) required for extinguishment (see Figure
4). The minimum design quantity (Q,) shall be no less than 1.5
times the minimum quantity (Qn.) required for extinguishment at
any selected design rate (Ry). The minimum design discharge time
(T;) shall be determined by dividing the design quantity (Q,) by
the designrate (Rs). . - S '

3323. The basis for nozzle selection for local application
systems shall be a curve similar to Figure 4 together with other
performance data that clearly depict the interrelationship between
agent quantity, discharge rate, discharge time, area coverage and

* the distance of the nozzle from the protected surface.
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Fig. 4. Typical data presentation for local application nozzles.

3324, The information in paragraph 3323 shall be contained
in the listings of a nationally recognized testing laboratory.

3325. ‘Where there is the likelihood that metal, fuel or other

. _-material may become heated over the ignition temperature of the

- fuel, additional means shall be provided to prevent reignition. Ex-

amples of such additional' means are extending the discharge time

of the local application system, using a halon total flooding system
or using other agents. - .

3326.  Where there is a possibility that metal or other ma-
terial may become heated above the ignition temperature of the
fuel, the effective discharge time shall be increased to allow ade-
quate cooling time. This is especially important with paraffin wax
‘and other materials having low auto-ignition temperatures.

3327.. 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.

12A-39
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3330. Area Per Nozzle. The maximqm area protepted by
each nozzle shall be determined on the basis of nozzie dl'schar_ge
pattern, distance from: the protected surface, and the design dis-
charge rate in accordance with listings of a nationally recognized
testing laboratory.

3331. Irregular shaped or three dimensional hazards shall be .

protected by a nozzle or combination of nozzles to insure complete
agent coverage of all exposed surfaces. The.projected surface area
shall be used to determine the nozzle coverage, but all surfaces. pro-
tected by a nozzle shall lie within the nozzle’s listed range limita-

tions. ' ‘

3332. When deep layer flammable liquids' are to be pro-
tected, a minimum freeboard shall be provided in accordance with
the listings of a nationally recognized testing laboratory.

3340. . Location and Number of Nozzles. - A sufficient number

of nozzles shall be used to cover the entire hazard area on the basis

of the unit areas protected by each nozzle.

3341. Tankside or linear type nozzles shall be located in
accordance with spacing and discharge rate limitations stated in
nozzle listings. - '

3342. Overhead type nozzles shall be installed .perpendicu-

lar to-the hazard and centered over the area protected by thie nozzle.
They may also be installed at other anglés to the surface in accord-
ance with nozzle listings.

3343. Nozzles shall be located so as to be free of possible .

obstructions that could interfere with the proper projection of the
discharged agent. : ,

3344. Nozzles shall be located so-as to develop an cxt'ifl-f
guishing concentration over coated stock or other hazard extending

above a protected surface.

3345. | The possible effects of air current, winds and forced
drafts shall be compensated for by locating nozzles or by providing
additional nozzles to protect the outside areas of the hazard.
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APPENDIX

THE FOLLOWING APPENDIX MATERIAL IS PRO-
VIDED TO: EXPLAIN THE BASIC PRINCIPLES, AGENT
AND EQUIPMENT CHARACTERISTICS, AND MAINTE-
NANCE AND INSTALLATION PRACTICES.

A-1100. Halogenated Extinguishing Agents, .
A halogenated. compound is one which contains one or more

atoms of an element from the halogen series: fiuorine, chlorine,
bromine and iodine. When hydrogen atoms in a hydrocarbon

compound, such as methane (CH,) or ethane (CH;CHj;), are

replaced with halogen atoms, the chemical and physical properties

of the resulting compound are markedly changed. Methane,;. for

example, is a light, lammable gas. Carbon tetrafluoride (CF,) is

-also a gas, is chemically inert, nonflammable and: extremely low in
toxicity. Carbon tetrachloride (CCL) is a volatile liquid which is
not only nonflammable, but was widely used for many years as a

fire extinguishing agent in spite. of its rather high toxicity, Carbon
- tetrabromide (CBr;). and carbon tetraiodide (CI;) are solids
which decompose easily under heat. Generally, the presence- of
fiuorine in the compound increases its inertness and stability; the
presence of other halogens, particularly bromine, increase the fire
extinguishing effectiveness of the compound. Although a very large
number of halogenated compounds exist, only the following five
are used to a significant extent as fire extinguishing agents:

Halon 1011, bromochloromethane, CH,BrCl
Halon 1211, bromochlorodifiuoromethane, CBrCIF,
~ Halon 1202,"dibromediﬂ_uoromethane, CBr,F,

Halon 1301, bromotrifluoromethane, CB:F. 3

Halon 2402, dibromotetrafluoroethane, CBrF,CB:F,
Halon Nomenclature System. The Halon system for naming hal-
ogenated hydrocarbons was devised by the U.S. Army Corps of
Engineers to provide a convenient and quick means of reference
to candidate fire extinguishing agents. The first digit in the number
represents the number of carbon atoms in the compound molecule;

the second digit, the number of fluorine atoms; the third digit, the
number of chlorine atoms; the fourth digit, the number of bromine

atoms; and the fifth digit, the number of iodine atoms. Terminal’

zeros are dropped. Valence requirements not accounted for are
assumed to be hydrogen atoms (number of hydrogen atoms — 1st
digit times 2, plus 2, minus.the sum of the remaining digits.) Exam-
ples of this numbering system are:

d sodop 0~y "By
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S . Official NFPA Definitions

. N R . ' . .
— Adopted - Jan. 23,"1964; Revised Dec. 9, 1968, Where variances to these definitions
. s - are found; efforts to eliminate such sonficts are in process.

Smart is intended to indicate requirements.

Sitourp is intended to indiqate recommendations or that which is advised

but not-required.

APPROVED means aceeptable to the authority having jurisdiction.. The National
Fire Protettion Association does not approve, inspect or certify any installations,
procedures, equipment or materials nor does it approve or evaluate t{esting labora-

. ‘tories. In determining the acceptability of installations or procedares, equipment

" or materials, the authority having jurisdiction may base acceptance on compliance
with NEPA or other appropriats stendards, In the absence of such standards,

" said authority may require evidence of proper installation, procedure or use. The
authority having jurisdiction may alao refer to the listings or labeling practices of .

nationally recognized testing laboratories,* i.e., laboratories qualified and equipped

to. conduct the necessary tests, in ‘a position to determine compliance with ap--

propriate standards for the current production of listed items, and. the satisfactory
performance of such equipment or materiala in actual usage.

*Among the laboratories nationsally recopnized by the authorities having jurisdistion: in
the United States and Canada are the Underwriters’ Taboratories, Ing., the Factory Mutual
Resenrch. Corporation, the American Gas Association Laboratories, the Underwriters’ Lab-

oratories of Canada, the Canasdian Standards Association Testing Leboratories, and the
Canadian . Gas- Assogiztion Approvals Division: ’

LisTeD: Equipment or materials included in a list published by a nationally
recognized testing laboraiory that maintains periodie inspection of produetion of
listed equipment or materials, and whose listing states either that the equipment
or material meets nationally recognized standards or has been tested and found
guitable for use in a specified manner. .

LABELED® Eéuipment or materiala to which has been. attached a label, symbol

or. other identifying mark of a nationally recognized testing laboratory that main--

taing periodie inapection of production of labeled equipment or msaterials, and
by whose labeling isindicated compliance with nationally recognized stendards.
or tests to deiermine suitable usage in & specified manner.

Avreori?Yy Having JurispicTion: The organization, office or individual re-
sponeible for ‘*approving’’ equipment, an installation, or a procedure. .

Statement.on NFPA Procedures

This material has been developed in the interest. of safety to life and property under the
published procedures of the National Fire Protection Association. These procedures are de-
signed to assure the appointment of techniecally competent Commiittees having balanced

representation from those vitally interested and active in the areas with which the Committees -

are concerned. These procedures provide that all Committes recommendations shall be pub-
_lished prior to action on them by the Association itself and that following this publi¢ation these
resommendsations shall be presented for adoption to the Annual Meeting of the Association

where anyone in attendance, member or not, may present his views. While these procedures: -

assure the highest degree of care, neither the National Fire Protection Association, its members,

nor those participating in its activities accepis any liability resulting from eompliance or non-'

complience with the provisions given herein, for any restrictions imposed on materiala or.
" protesses, or for the completeness of the text.

~ Copyright and Republishing Rights
" This publication is copyrighted @ by the Nationsl Fire Protection Asso-

ciation. Permission is granted to republish in full the material herein in laws,

- ordinaneces, regulations, administrative orders or similar decuments-issued by
public authorities since the text in tentative at this time. All othera desiring per-

mission to. reproduce this material in whole or in part shall consult the National:

Fire Protection’ Association,

Standard on
- Halogenated Fire Extinguishing Agent Systems
Halon 1211

NFPA No. 12B —- 1973

- 1973 Edition of No. 12B

= -_Th_is Standard was prepared by the National Fire Protection’

Association Committee on Halogenated Fire Extinguishing Agent
Systems, and was adopted at the Annual Meeting of the National
Fire Protection- Association held at St. Louis, Mo., May 14-18,
1973. '

Ofigin and Development of No. 12B

In regular committee meeting on May 14, 1969 the Chairman -

appointed a sub-committee of five members under the chairman-
ship of Mr.. Norman W. Lemley which was given- the specific
charge to review and evaluate data developed and presented. to
the committee to determine what additional work would be neces-
sary to integrate Halon 1211 into the Standard on Halogenated:
Fire Extinguishing Agent Systems. The sub-committee concluded
that the public would: be better served by a.separate standard.
The tentative Standard No. 12B-T was the result of their work,
and was t'entatively adopted in May, 1971 at the Annual Meeting.
This 1973 edition is a revision of the tentative standard, and
all amendments are indicated by vertical lines in the margin. -

£
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Standard on- _
quog_enql_éd' Extinguishing Agent Systems
Halon 1211 '

NFPA No. 128 — 1973

. Introduction

1. Purpose. This Standard is prepared for use and' guidance of

“those charged with the purchasing, designing, installing, testing,
inspecting, approving, listing, operating;, and maintaining halo-
genated agent extinguishing systems (Halon 1211), in order that
such equipment will function as intended throughout its life.
Pre-engineered systems {packaged systems) consist of system
components designed to be installed according to pretested limita-
tions as approved or listed by a nationally recognized testing lab-
oratory:. Pre-engineered systems may incorporate special nozzles,.
flow rates, methods of application, nozzle placement, pressurization

levels, and quantities of agent which may differ from those detailed.

elsewhere in this Standard since they are designed for very specific

hazards. Al other requirements of the Standard apply. Pre-engi--

neered systems shall be installed to protect hazards within the lim-
. itations which have been established by the testing laboratories

. where listed. : S

2. Scope. This Standard: contains minimum requirements for .

' halogenated agent fire extinguishing systems. It includes only the

necessary essentials to make the Standard workable in the hands of .
those skilled in this field. Portable halogenated agent extinguishers

are covered in NFPA No. 10, Installation of Portable Fire Extin-
guishers, and No. 10A, Maintenance and Use of Portable Fire
‘Extinguishers. ' :

Only those skilled in this work are competent to design- and

install this equipment. It may be necessary for many of those
charged with the purchasing, inspecting, testing, approving, operat-
ing, and maintaining this equipment to consult with an experienced
and competent fire protection engineer in order to effectively dis-
charge their respective duties. :

INTRODUCTION - ‘ , 12B.7

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,
Apperidix — Explanatory,

Chapters 1 through 3 constitute the body of the Standard and
contain the rules and regulations necessary for properly designing,

. installing, inspecting, testing, approving, operating, and maintain-

ing halogenated agent fire extinguishing systems.’

_ The Appendix contains educational and informative magerial
that will aid' in understanding and applying this Standard. Ap-
pendix material is denoted by an asterisk preceding paragraph.

4. Definitions. For purpose of clarification, the following general
éeréns‘dused with special technical meanings in .this Standard are
efined: :

__APPROVED refers to éppmval by the authority having juris-
diction. '

_AUTHORITY HAVING JURISDICTION: The “authority
having jurisdiction” is the organization, office, or individual respon-
sible for “approving” equipment, an installation, or a procedure.

Note: The phrase *“authority having jurisdiction™ is used in NFPA
.standards. in a broad manner since jurisdictions and. “approval®
agencies. vary-as do their responsibilities. Where public safety is pri-
mary, the “authority having jurisdiction” may be a federal, state, local,
or other regional department or individual such as a fire chiéf ! ﬁre’,
marshal, chief of a fire prevention bureau, labor department, health de-
partment, building official, electrical inspector, or others having. statu-
. tory authority. For insurance purposes, an insurance inspection depart-
ment, rating bureau, or other insurance company representative may-be
the “authority having jurisdiction.”
In many circumstances the: property owner or his delegated agent as--
sumes the role of the “authority having jurisdiction”; at government
installations, the commanding officer, or a departmental official may be
the “authority -baving. jurisdiction.” -

Listep refers to the listing for the use intended, of devices and
materials that have been examined by and meet the recognized
standards of such testing laboratories as the Factory Mutual Re-
search Corporation, the Underwriters’ Laboratories, Inc., and Un-
derwriters’ Laboratories of Canada. All equipment shall bear a
label or some other identifying mark.
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SuavL is intended to indicate requirements.

Smouwp is intended to indicate recommendanons or that
which is advised but not required.

" NorMALLY OccuPlep Area is one whlch is- mtended for
“occupancy. :

Other terms used with special techmcal meaning are deﬁned
or explained where they occur in the Standard.
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CHAPT_ER 1. GENERAL INFORMATION
AND REQUIREMENTS
*1_100. General Information.

1110, Scope.

Chapter 1 contains general information, and the

‘design and installation requirements for all features that are gen-
erally common to- all Halon 1211 (bromochiorodlﬂuoromethane

CBr(IF,) systems.

*1120. Halon 1211. Halon 1211 is a colorless, faintly sweet-

smelling electrically nonconductive gas that is an eﬂ'ectxve 1medium

for extmgmshmg fires.

#1121, According to present knowledge Halon 1211 extin-

| guishes fires by inhibiting the chemical reaction of fuel and oxygen.

The extinguishing effect: due to cooling, or dllutlon of ‘oxygen or
fuel vapor concentration, is minor.

1130. Use and Limitations. Halon 1211 fire extinguishing
systems' are useful ‘within the' limits of this Standard in extin-

guishing fires in specific hazards or equipment, and in occupancies-

where an electrically nonconductive medium is essential or desir-
able, where cleanup of other media presents a problem, or where
weight vs. extinguishing potential is a factor.

1131. Some of the more important types of hazards and
equipment that Halon 1211 systems may satisfactorily protect
include: _

1. Gaseous and liquid flammable materials.

2. Electrical hazards.such as transformers, oil switches and

-circuit breakers, and rotating equipment.

3 Engmes utilizing gasoline and other flammable- fuéls.

4. Ordinary combustibles such as paper, wood, and. textiles.

5. Hazardous solids.

1182, Halon 1211 has not been found eifecuve on: the
following:

1. Chemicals containing their own oxygen supply such- as
cellulose nitrate.

2. Reactive metals such as sodium, potassium, magnesium,
titaniium, zirconium, uranium, and plutonium.

3. Metal hydrides.

1133.. Specific limitations are placed on Halon 1211 total
flooding systems. See paragraphs 2112 and 2113,

1140.. Duration of Protection. It is important that an effective
agent’ concentration not only be achieved but that it be main-
tained for a sufficient period-of time to allow effective emergency
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‘. action by trained personnel. This is equally important in all
classes of fires since a persistent ignition source (e.g., an arc, heat
. source; oxyacetylene torch or “deep seated” fire can lead to a re-
occurrence of the initial event once the agent has dissipated.

' Halon extinguishing systems normally provide protection for a
period of minutes but are exceptionally effective for certain appli--

.. cations. Water supplies for standard -sprinklers, on the other
-- hand, are noimally designed to provide protection for one-half
... to 4-hour duration but sprinklers may be less effective in con-
" trolling many fires. The designer, the buyer and the emergency

" force in particular should be fully aware of the advantages and

limitations. of each, the residual risks being assumed and the
proper emergency procedures.. :

1150. Types of Systems. There are two types of systems rec-
ognized in this Standard: . :
- Total Flooding Systems. -
- Local Application Systems.

1151 A Total Flooding System consists of a supply of Halen
1211 arranged to discharge into, and fill to the parrc:jper concentra-
-tion, an enclosed space or enclosure about the hazard.

1152, A Local Appliiation Sys.tem consists of a supply of

Halon 1211 arranged to discharge directly on the burning

material.

1160. Halon 1211 Systems. A Halon 1211 System may be used
‘to. protect one or more hazards or groups of hazards by means of
directional valves. Where two or more hazards may be simultane-
ously involved in fire by reason of their proximity, each hazard
shall be protected with an individual system with the combination
arranged to_operate simultanecusly or be protected with a single
system’ that shall be sized and arranged. to discharge on all poten-
tially involved hazards simultaneously.

#1200 Safety.

1210. - Hazards to Personnel. The discharge of Halon 1211 may
create hazards to personnel such as-dizziness, impaired coordina-
tion, reduced- visibility and exposure to toxic decomposition
products. '

. *1211, Safety'Req_uireménts. In any proposed use of Halon
1211 where there is a possibility that people may be trapped in or
enter into atmospheres made hazardous, suitable safeguards shall

be provided to ensure prompt evacuation of and to prevent entry. '

GENERAL INFORMATION AND REQUIREMENTS "12B:11

into such atmospheres and also to provide means for prompt rescue

of any trapped personnel. Such safety items as personnel training,
warning signs, discharge alarms, and breathing apparatus shall be
considered. ' -

*1220. Elcctrical'C]earances. All system components. shall be
so located as to maintain standard electrical clearances. from live
parts. See Appendix A for Table of Clearances. o

1300. Specifications, Plans and Approvals, .

1310. Specifications. Specifications for Halon 1211 fire ex-
tinguishing systems shall be prepared with care under the super-
vision of a competent engineer and with the advice of the au-
thority having jurisdiction. The specifications shall include all
pertinent items necessary for the proper design of the system
such as the-designation of the authority having jurisdiction, vari:
ances-from standard to be permitted by the authority having
jurisdiction and the type and extent of the approval testing to
be performed after installation of the system.

1320. Plans. Where plans are required, they shall be ‘prepared
with care under the supervision of a competent engineer and with
the advice of the authority having jurisdiction. ' ’

1321, 'These plans shall be drawn to an indicated scale or be
suitably dimensioned and shall ‘be made so they can be . easily
reproduced. A '

1322. These plans shall cohtain sufficient detail to enable the
authority having jurisdiction to evaluate the hazard or hazards and
to evaluate the effectiveness of the system. : =

1323, The detail on the system shall include information and-

calculations on the amount of Halon 121 1; container storage pres-

- sure: internal: volume of the container; the location and flow rate
of each nozzle including equivalent orifice area; the location, size

L7 B T L R e e S L 7 ST R A Lt 110 TR TN B S £
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" and equivalent lengths of pipe, fittings and hose; and the location
. and size of the storage facility. Information shall be submitted per-
. taining to the location and function of the detection devices, oper-
ating devices, auxiliary equipment, and electrical circuitry, if used.

. Sufficient information shall be indicated to identify properly the

- -apparatus and. devices used. Any special featires shall be ade- S

quately explained.

" 1330. Approval of Plans. . Plans and calculations shall be sub-
nmitted for approval before work starts.

L 1881, When'ﬁeld.éondiﬁions necessitate any material change

. from approved plans, the change shall be approved.

1382. When such material changes from .approved plans are
made, corrected “as installed” plans shall be provided..

¥1340. Approval of Installations.. The completed system shall

' be tested by qualified personnel to meet the approval of the au-

" thority having jurisdiction. These tests shall be adéquate to deter-
“mine that the system has beén properly installed and will function

as intended. Only listed or approved equipment and devices shall

 -be used in the systems.

1400 Detection and. Actuation

- %1410, Automatic detection and automatic actuation shall be
. used except that other detection, and manual actuation only,

‘may be used if acceptable to the authority having jurisdiction.
~ Some points'to be considered are:
a. Hazards to personn'el,
b. Undesirable side reaction;
¢. An increase-in the hazard, -
d. Other alternatives..

1420. Automatic detection shall be by any listed or approved -

method or device that is capable of detecting and indicating heat,
flame, smoke, combustible vapors, or an abnormal condition.in
‘the hazard such as process trouble. that is likely to produce fire.

1421. Heat detectors. installed on standard spacing are.
about equal to an ordinaty sprinkler in response time. If de-
~ tectors are installed at reduced spacing from that recognized in

approvals or listings response time may be reduced. An adequate
-and reliable source of energy shall be used in detection systems.

1430, Operating Devices. - Operating devices include Halon -

1211 releasing devices or valves, discharge controls, and shutdewn

\...'..=..;.‘.:»:L‘a;,f‘ﬂnfx‘;znh-u:@&- s A i i i
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e?uipfnent, all of which are necessary for successful performance
o

the system.

1481, Operation shall be by listed or approved mechanical,

electrical, or pneumatic means. An adequate and reliable source of

energy shall be used.

- 1432, All devices shall be designed for the serviée they will.

encounter and shall not be readily rendered inoperative or sus-
ceptible to accidental operation. Devices shall be normally de-
signed to function properly from —20°F to 150°F or marked to
indicate temperature limitations. ' '

1483. - ANl devices shall be located, installed, or suitably pro-

tected so that they are not subject to mechanical, chemical, or
other damage which would render them inoperative. :

1434. The normal manual control for actuation. shall .be
located so as. to be conveniently and easily accessible at all times

including the time of fire. This control shall cause the complete.

system to operate in its normal fashion.

1435, All automatically operated valves controlling agent
release and distribution shall be provided with approved.inde-
pendent means for emergency manual operation. If the means for
manual actuation of the system required in 1410 provides ap-

proved positive operation independent of the automatic actua-

tion, it may be used as an emergency means. The emergency
means, preferably mechanical, shall be easily accessible and lo-

cated close to the valves. controlled. Emergency actuation that:

can be accomplished from one location is desirable. This does
not require the emergency marual control on “reserve” con-
taineljs to control any selector valves or equipment beyond: the
containers. : : .

1436. Manual controls shall not require a pull-of more than:
40 pounds (18.2 kg.) (force} nor a movement of more than 14
inches (36 cm) to secure operation,

1437.. Where gas pressure from the system.or pilot con-
tainers is used as a means for releasing the remaining containers-
the supply and discharge rate shall be designed for releasing al}
of the remaining containers. : '

- 1438. Al devices for shutti.'ng down suppIE'méntary;eq-uip'- :

ment shall be considered integral parts of the system.and shail
function with the system operation. . ' -

" 1439:  All manual operating devices shall be identified as to

the hazard they protect.
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1440, Supervision. S‘upen’risioﬁ 'Qf automatic systems is ad-
-visable where the possible loss because of any delay in actuation

may be high and/or where the detection or control systems are so
extensive and complex that they cannot be readily checked. by

visual or other inspection. When supervision is provided it shall

be so arranged that there will be immediate indication of failure, =

The extent and type of supervision shall be approved by the au-
thority having jurisdiction. . .

1450, Operating Alarms and Inchmtors ‘Alarins andfor in- 5.
‘dicators are used to indicate the operatién of the system, hazards ..~ -

-.to persannel, or failure’of - any supervised device. The t;g)e
(audible, visual; or olfactory) number and location of the de-
vices. shall ‘be such that. their purpose is satisfactorily accom-
~plished: The extent and type of alarms and/or indicator equip-
ment shall be approved. - _ o

1451. A positive alarm or indicator shall be provided to
show that the system has operated. o

1452; - Alarms shall be provided to give positive warning of
a discharge, or a pending discharge:

1453. Alarms indicating failure of supervised devices or
equipment shall give prompt and positive indication of any fail-

" ure and shall be distinctive from alarms indicating operation or

hazardous conditions.

1454, 'Warning. and instruction signs at -entrances to and .

inside protected areas shall be provided.

1500. Halon 1211 Supply.

1510. Quantities. The amount of Halon 1211 in the system - 3

shall be at least sufficient for the largest single hazard protected or
group of hazards which are to be protected: simultaneousiy.

" 1511. Where uninterrupted protection is required, the re-
serve quantity shall be as many multiples of these minimum
amounts as the authority having jurisdiction considers.necessary.

" 1512, Both primary and reserve supplies for fixed storage
shall be permanently connected to the piping and arranged for
_easy changeover, except where the authority having jurisdiction
permits an unconnected reserve: -

*1520. Quality. The Halon 1211 shall comply with the Mili-
tary Specification MIL-B-38741 (USAF) Bromochlordifluorometh-

ane, Technical. (See.Append_ix A-1520) , _
_ 1530. Replenishment: The time needed to obtain Halon 1211

for replenishment to restore systems to operating condition shall .

T AT
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be considered as a major factor in determining the reserve supply
needed. ' :

1540. Storage Container Arrangement. Storage containers and
accessories shall be so located and arranged. that inspection, testing,
recharging and other maintenance is facilitated and interruption to
protection is held to a minimum,

1541, St_drage- containers shall be located as near as possible: '
to the hazard or hazards they protect, but they should not be lo-
Eatﬁhere they will be exposed -to a fire or explosion in these

1542, Storage containers should not be located so as to be
subject to severe weather conditions or be subject to mechanical,
chemical, or other damage. . :

© 1543, - When excessive. climatic or mechanical exposures are
expected, suitable guards or enclosures shall be provided.

*1550. Storage Containers. The Halon 1211 supply shall be:
stored in containers designed to hold Halon 1211 in liquefied form
at ambient temperature. Containers shall not be charged to a-fill-
ing density at 70°F greater than 102 pounds per cubic foot. They
shall be superpressurized with nitrogen to 150 psig = 10 psig, or to
360 psig - 20 psig total pressure-at 70°F. In exceptional circum--
stances, and with the specific approval of the authority having juris-
diction, containers may be charged to pressures other than 150 psig
or 360 psig. Containers shall be - distinctively and permanently-
marked with the type and quantity of agent contained therein,

. together with the degree of superpressurization.

1551. The Halon 1211 containers used in these systems shall
be designed to meet the requirements of the U.S. Department. of
Transportation or the Canadian Board of Transport Commission-
ers®, if used as a shipping container. If not a shipping container;

*Subpart C. Section 178.36 to and including 178.68 of Title 49, Transpor-
tation, Code of Federal Regulations. Parts 170-190. ‘Available from the
Superintendent of Documents, U.S. Government Printing Office, Washing-
ton, D.C. 20401. In Canada the corresponding information is set forth in-
the “Canadian Transport Commission’s Regulations for the Transportation
of Dangerous Commodities by Rail” available from the Queen’s Printer,
Ottawa, Ontario. . : ' . '
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it shall be designed, fabricated; inspected, certified, and stamped.in

" accordance with Section VIII of the ASME Unfired Pressure Vessel
Code; independent inspection and certification are recommended.
The design pressure shall be suitable for the maximum pressure
developed at 130°F or at the maximum controlled temperature
limiit. “(See Paragraph 15537.) = ' o

~1552. A reliable means of indication, other than weighing,

- shall be provided to determine the pressure in refillable con-
. tainérs. The means. of indication shall account for variation of
'’ container pressure with temperature. - R -

1553. Charggd- containers shall be tested for ﬁghtness befdré .

shipment in. accordance with an approved procedure. Shipping
containérs in service shall be hydrostaticaily retested for continuing
. service at least every 12 years in accordance with the test procedure
and apparatus set forth in the regulations of the U.S. Department.
. of Transportation or Board of Transport Commissioners,

1554, When manifolded, containers shall be adequately
mounted and suitably supported in a rack provided for the purpose
" of including facilities for convenient individual servicing or content
weighings. - Automatic means. shall be provided to prevent the loss

from the manifold if the system is operated when any containers |

are removed for maintenance. :

. 1555. Each system: shall have a permanent nameplate specify-
ing the number, filling weight, and. pressurization level of the con-.
tainers. . : ' '

1556. In a multiple cylinder system, all cylinders supplying-
the same manifold outlet for distribution of agent, shall be in-
terchangeable and of one select size and charge. - :

1557. Storage temperatures shall not exceed 130°F nor be
less than 32°F 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 container charges are used, the containers shall be
appropriately marked. '

1600. Distribution.

" 1610. Piping. Piping shall be of noncombustible material

~ having physical and chemical characteristics, such that its’ dete-

rioration. under stress can be predicted- with reliability. Special

 corrosion-resistant. mateiials - or - coatings- may be required in

severely corrosive dtmaspheres. Examples of materials for piping

and the standards covering these materials are:

SR g, T e T P T s e
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Ferrous Piping: (Seamless) Black or Galvanized Steel Pipe;
ASTM A-b3or A-106, ANSI B-36.10. .

. Nonferrous Piping (Drawn, Seamless), Copper: ASTM B-88.
Flexible Metallic Hose: ANSE B140.1-72, :

“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 paragraph. See appendix
A:1610 for stress calculations. ‘

‘Schédule 40 steel pipe Lip to 4 in. r_mmirial pipé size conform-

ing to the above specifications is satisfactory for both the 150
psig and 360 psig charging pressures specified in this standard:

~ Type M copper tubing conforming to the above specification
is satisfactory for the 150 and 360 psig charging pressures specified
in this standard. - _

1611. Ordinary-cast iron pipe or steel pipe conforming to
ASTM A-120 shall not be used.

1612, Flexible piping tubing or hoses (including connec-
tions) where used shall be of approved materials and pressure
ratings. :

1620. Piping Joints. The type of piping joint shall be suitable
for the design conditions and shall be selected with consideration
of joint tightness and mechanical strength. Example of suitable
joints and fittings are screwed, flanged, welded, brazed, flared
and compression. :

1621. Examples of materials used for fittings are:

Malleable iron 300 Ib. class only ........ ASTM A-197
Ductile Iron 300 1b. classonly .......... ASTM. A-445
Steel . ... ... i ASTM A-234

- Pressure temperature ratings have been established for certain
types of fittings. A list of ANSI Standards covering the different.
types of fittings are given in Table 126.1 of ANSI B-31.}.0. Where
fittings not covered by one of these standards are used, the de-
sign. recommendations of the manufacturer of the fittings shail
not be exceeded. The above listed materials do not preclude the
use of other materials which will satisfy the requirements of
this paragraph. :

The 150 Ib. class fittings are suitable for the 150 psig charging
pressure. For the 360 psig charging pressure the 300 Ib. class
fittings. are required. Pressure temperature ratings have been
established for certain types - of fittings.. A list of ANSI Standards
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covering the different types of fittings is given in Table 126.1 of
‘ANSI- B-31.1.0. Where fittings not covered by ome of these
standards are used, the design recommendations. of the manu-
facturer of the. fittings shall not be exceeded. The above listed
materials do not preclude the use of other materials which will
satisfy the requirements of this paragraph. :

1622. Ordinary cast-iron fittings shall not bé used.

. - 162%. -All threads used in goints and fittings shall conform
* to- ANSI B-2.1. Joint compound, tape or thread lubricant shall
be applied only to the male threads of the joint. - '

1624. Welding and brazing shall conform to ANSI B-31.1.0.
Brazing alloys shall. meet or exceed ANSI A-5. classification B
Cup-3. o, o I

1625. Copper- stainless steel or other suitable tubing may
be joined with flared compression type fittings. The Pressure-
~Temperature ratings of the manufacturer of the fitting shall not
‘be exceeded. '

1630. Arrangement and Installation cf Piping and Fittings.
Piping shall be installed in accordance with good commercial
practice. Care should be taken to avoid possible restrictions.due
to foreign matter, faulty fabrication or improper installation.

1631. The piping system shall be securely supported with

due allowance for agent thrust forces, thermal expansion and.

contraction and shall not be subjected to mechanical, chemical,
vibratien or other damage. ANSI B:31.1.0 shall be. consulted for
guidance on this matter. Where explosions are likely, the piping
shall be attached to supports that are least likely to be displaced.

1633. In systems where valve arrangement introduces sec-
tions of closed piping, such sections shall be equipped with pres-
sure relief devices or the valves shall be designed to prevent en-
trapment of liquid. Where pressure-operated container valves are

used, a means shall be provided to vent any container. leakage -

from the manifold but which will prevent loss of the agent when
the system operates. A .

1634. All pressure relief devices shall be of such design and
s0 located that the discharge therefrom will not injure personnel
or be otherwise objectionable. . - -

1640. Valves. All valves shall be suitable for the inténded use,

particularly in regard to flow capacity and operation. They shall’

be used only under temperatures and other conditions for which
they are listed. : :
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1641, Valves shall be protected against mechanical, chemical
or other damage. :

1642. Valves shall be rated for equivalent length in terms of
the pipe or tubing sizes with which they will be used. The equiva-
lent length of container valves shall be listed and shall include
siphon tube, valve, discharge head and flexible connecter.

Table 1. Equivalent Orifice Sizes |

, : Equivalent Equivalent
L Lo Single Orifice Single Orifice
Orifice Code No. ‘Diameter—Inches Area-Sq. In.

026 .00053

1/16 00307

- 070 ~00385

- 076 - 00454
- 5/64 0048

.081 - ‘ .00515

.086. .00581
3 3/32 : .0069
3+ 7/64 .0094
4 1/8 0123

44 9/64 .0155

3 5/32 0192

5+ 11/64 0232

6 3/16 .0276 -

6+ . 13/64 0324

7 7/32 0376

7+ 15/64 o .0431

8 1/4 ' 0491

8+ 17/64 0554

9 ' .9/32 _ .0621

94 19/64 C 0692 -

10 5/16 0767
11 11/32 0928
12 : 3/8 .1105
13 - ’ 13/32 .1296
14 - /18 1503
15 _ 15/32 1725
16 1/2 .1964
18 9/16. .2485
20 5/8 : .3068
22 11/16 3712
24 - 3/4 4418
32 1 .785
48 . 11/2 - L.765
64 ' 2 ' : - 314

Nore: The orifice code number indicates the equivalent single orifice di-
. ameter-in.1/32 inch increments. A plus sign following this number
indicates equivalent diameéters’ 1/64 inch- greater than that indi-

cated by the numbering-system (e.g,, No. 4 indicates an equivalent

orifice diameter of 4/32 of an inch; a No. 44, 9/64 of -an inch).
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*1650. Discharge Nozzles: Discharge nozzles shall be listed
- for the use intended and for discharge characteristics. The dis-

charge nozzle consists of the orifice and any associated horn, shield, -

or baffte, : .
1651." Discharge orifices shall be of cbrrdsi{refresiStant metal.

'1652. Discharge nozzles used in local application systems:
shall be accurately located and directed in accordance with
the system design requirements as covered in 3300. Discharge
nozzles used inlocal application systems shall be- so connected
and supported that they may not readily be put out of alignment.

1653. Discharge nozzles shall be permanently marked to
identify the nozzle and to show the equivalent single orifice diam-
eter regardless of shape and number of orifices. This equivalent
diameter shall refer to the orifice diameter of the “standard” single
orifice type nozzle having the same flow rate as the nozzle in ques-
tion. The marking shall be readily discernible after installation.

The “standard” orifice is an orifice having a rounded entry

with a coefficient of discharge of water not less than 0.98, and flow
characteristics of Halon 1211 as shown in Figure 5. It should be
noted that the discharge coefficient for nitrogen-saturated Halon
1211 is different from that for water. The nozzles used for the data
in Figure 5 had a coefficient for water of 0.98, and for Halon 1211
of 0.87. The diameter/length ratio of the nozzle throat has a
marked effect on the discharge coefficient of nitrogen-saturated
‘Halon 1211. An:indication of this. effect in nozzles with rounded
entries is given in Table 2. _ :

_ TFable 2.
Ratio of Nozzle Diameter Discharge Coefficient
" to Length  * Halen 1211 _ Water
1:0 091 ) 0.91
1:1% 0.87 0.98
1:2.5: ' 0.75 0.90
1:4.5 0.70 (.90
1:48 0.69 0.92

*This nozzle was used. to obtain the results shown in Figure 5. The values
shown in Figure 5 may be used over the temperature range 55°F to 115°F.

1654, Discharge nozzlesshall be provided with-frangible discs
or blow-out caps where clogging by foreign materials is likely.
These devices shall provide an unobstructed opening upon system
operation.. : ' .
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*1660. Pipe and Orifice Size Determination. Pipe sizes and

orifice areas shall be selected on the basis of calculations to-deliver
the-required rate of flow at each nozzle.

1661. Figures 3 and 4 shall be used to determine the pressure
drop in the pipe-line. The system shall be designed based on a
70°F ambient temperature.

1662. * Flow shall be calﬁul-ated on the basis of an initial stor-

age pressure of 150 or 360 psig (as applicable) adjusted for the

initial drop in storage pressure required to fill the piping system.
The discharge rate for equivalent orifices shall be based on the
values given in Figure 5. Design nozzle pressure shall not be less
than 30 psig. ' ' ' '

1668. Flow calculations shall be perfbrmed'to insure that the

adjusted storage pressure.and the pressure losses due to flow are
within 3 psig of each other.
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Fig. 4. Presure loss dus to Halon 1211 flow throvgh copper tubing.

percent, it shall be replaced.
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rge’ rates of ‘Halon 1211 at 70° F through » nostle with a-
- water discharge cosficient of 0.98. ‘
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1700. Inspection, Maintenance and Instructions.

1710. Inspection and Tests. At least annually, all systems
shall- be thoroughly inspected and tested for proper operation
by competent personnel. .

1711. The goal of this inspection and testing shall be to en-
sure that the system is in full operating condition.

1712, Suitable discharge tests shall be made when inspection
indicates their advisability. ‘ ‘ :

1713. The inspection report with recommendations shall be
filed with the owner. o

1714. Between the regular service contract inspection or tests,
the system shall be inspected visually or otherwise by competent
personnel, following an approved schedule and procedure.

1715. - At least semiannually, the weight and pressure of refill-
able containers shall be checked. If a container shows a loss in net
weight of more than 5 percent or a loss in pressure (adjusted for
temperature) of more than 10 percent, it shall be refilled or re-
placed. '

1716. Factory charged nonrefillable containers which do not .

have a means of pressure indication shall be weighed at least semi-
annually. If a container shows a loss in net' weight of more than 5

1717. The weight and pressure of the container shall be re-
corded on a tag attached to the container. '

1720. Maintenance. These systems shall be maintained in
full operating condition at all times. Use, impairment, and restora-
tion of this protection shall be reported promptly to the authority
having jurisdiction, : \

1721. Any troubles or impairments shall be corrected at once
by-competent personnel. - '

- 1730. - Instruction. All persons who may be expected to in-
spect, test, maintain, or operate fire extinguishing systems shall be

thoroughly trained and kept thoroughly trained in the functions

they are expected to perform.
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, CHAPTER 2. TOTAL FLOODING SYSTEMS
#2100.. General Information.

2110.. Uses. This type of system may be used where there is a
fixed enclosure about the hazard that is adequate to enable the re-
quired concentration to be built up and maintained for the required
. period of time to ensure the effective extinguishment of the fire in
the specific combustible materials involved where the ambient tem-
perature is above 30°F. ) , ‘

9111, ‘Total flooding systems provide fire protection within
" yooms, vaults, enclosed machines, ovens, containers, storage tanks

#2112. Halon 1211 total flooding systems shall not be used in
normally-occupied areas. For ptirposes of this Standard, a normally
occupied area is defined as an area intended for occupancy. (See
Appendix A-2112.).~ : ' B

2113 “Halon 1211 total flooding systems may be used only in
normally unoccupied areas where egress of personnel can be - ac-
complished in less than 30 seconds. -

2120. General Requirements. Total flooding. systems shall be
designed, installed; tested and maintained in accordance with the
applicable requirements. in Chapter 1 and with the additional re-
quirements set forth in this' chapter.

2200. Hazard Specifications.

9210. 'Types of Fires. Fires which can be extinguished by total
flooding methods may be divided into. three categories: (1) Fires

. involving flammable liquids or gases; (2) Surface fires involving -

flammable solids; and (3) Deep-seated fires such as can occur with

certain Class A materials subject to-spontaneous heating, smolder- .

ing, and high heat retenition. _
~ 2211.  Flammable liquid and gas fires are subject to prompt
" extinguishment when Halon 1211 is quickly introduced into the en-
closure in sufficient quantity to provide an-extinguishing concentra-
tion for the particular materials involved. NFPA No. 69, Inerting
for Fire and Explosion Prevention should be referred.to when the

possibility: of flammable concentrations from gas leakage dictates-

explosion - protection techniques. : o
. 2212. Surface fires associated with the burning of solid mate-

rials are also quickly extinguished by Halon. 1211. In many solid

materials, smoldering combustion may continue at the surface of
‘the fuel after extinguishment of the flames. These surface embers
will normally be extinguished by low concentrations of Halon 1211
maintained for short periods of time: :

TOTAL FLOODING SYSTEMS 12B-25

2213. Deep-seated fires may become established beneath the
surface of a fibrous or particulate material. This. may result from-
flaming combustion at the surface or from ignition within the mass -

of fuel. Smoldering combustion then progresses slowly through the
masgs. A fire of this kind is. referred to in this Standard as a “deep-
seated” fire.” The burning rate of these fires can be reduced by the
presence of Halon 1211, and they may be extinguished if a high
concentration can be maintained for an adequate soaking time.
However, it is not normally practical to maintain a sufficient con-
centration-of Halon 1211 for a sufficient time to extinguish a deep-
seated fire.. '

2220. Enclosure. In the design of total flooding systems;. the
characteristics of the enclosure must be considered as follows:

2221. For all types of fires, the area of unclosable openings-

shall bé kept to a minimum. These openings shall be compensated
for by additional quantities of agent according to the. design proce-
dures outlined in Appendix A-2530. The authority having jurisdic-
tion may require tests to assure proper performance as defined by
this Standard. ' ' '

2222, To prevent fire from spreading through openings to
adjacent hazards or work areas and to make up for leakage of the
agent, openings shall be compensated for with automatic closures,
screening nozzles or additional agent, and shall be arranged to op-
erate simultaneously with system discharge. The agent required by
screening nozzles shall be in addition to the normal requirement for
total flooding. Where reasonable confinement of agent is: imprac-
ticable, protection shall be extended to include the adjacent. haz-
ards or work areas.

2223. For deep-seated fires forced air ventilating systems. shall
be shut down or closed with the start of agent discharge; or, addi-
;ional compensating gas shall be provided. Refer to Appendix A-

530. : -

2224. For surface. fires, forced air ventilation may also be re-
quired to be shut down or closed with the start of agent discharge;
or additional compensating gas may need to be provided. Refer to
Appendix - A-2530.

*2300. Halon 1211 Requirements for Liquid and Gas Fires.

2310. General. The quantity of Halon 1211 for fires involving.

flammable liquids and' gases is based upon normal conditions with
the extinguishing system meeting the requirements specified herein.

" 2320 Flammable Materials. In the determination of the de-
sign concentration of Halon 1211, proper consideration shall be °

given to the type and quantity of flammable material involved, the

S R S G
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tonditions under which it nomlly exists in the hazard, and any'

“special conditions of the hazard:itself. For a particular fuel, two
minimum levels of Halon 1211 concentration may be used: either
‘is permitted for situations where only flame extinguishment is re-
quired; the higher level of concentration shall be used where com-
‘plete inerting is required to prevent a subsequent reflash or possible
-explosion. -~ . . R o -

. Appendix A-2300 contains additional guidelines for determin-
ing the concentration level which should be selected for 2 particular
93921. Flame Extinguishment Data. Table No. 6 gives the
minimum design concentration required to extinguish normal fires

involving certain flammable gases and-liquids at atmospheric pres-
sure. These values are permitted if it can be shown that 2 probable

'TABLE 6

= - Halon 1211 Design Concentrations
for Flame Extinguishment in Air.at 1.0 atm. and 70°F

o Minimum Design Concentration®
Material % by Volume .
Methane

Ethane

Propane

Butane

i-Butane

Ethylene

Hydrogen
n-Heptane
n-Hexane "
Cyclohexane
Ethanol™ - :
Methiylated . Spirit: -
Methanol .-
Acetone

Avtur -

Solvent 40**
Carbon Disulphide
Kerosene :
No. 1 Fuel Qil
Pentane

Light Distillate
Gasoline

Benzene -

Toluene - .
Mixed . Xylenes_

*Includes a safety factor of 10% minimum -abiove experimental threshold
vlajlues. dFor other temperatures: or pressures, specific test data shall be
obtained. :

##Similar to Stove and Lamp Naphiha
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explotive atmosphere cannot exist in the hazard as. a result of the
fire. An explosion potential is improbable when: :

(a) The quantity of fuel permitted in the enclosure is less
than that required to develop a maximum concentration equal to
one-half of the lower flammable limit. Additional information is
given in Appendix A-2200.

(b) The volatility of the fuel before the fire is too fow to
reach the lower flammable limit in air {(maximum ambient temper-

ature or fuel temperature does not-exceed the closed cup flash point.

temperature), and fire may be expected to burn less than 30 sec-
onds before extinguishment.

2322, Inerting Data. Table No. 7 gives flammability peak

data obtained with Halon 1211 for several materials. These values.

shall be used when the conditions of 2321 are not or cannot be met.
The concentrations shown are greater than those given in Table
No. 6, and are sufficient. to “inert” the atmosphere against all pro-
portions of fuel in air. Specifically, they should be used in the fol-
lowing situations:

(a) _ The quantity of fuel in the -enclosure is greater than

Table 7

" Halon 1211 Design Concentration
for Inerting in Air at 1.0 Atm, and 70°F

Minimum Design Concentration®
Material % by Volumec
Ethylene Dichloride:

Toluene

-3
*
]

Cyclohexane
Ethanol
Methanol
iso-Propyl-Alcohol
Benzene

Acetone
Methyl-Ethyl-Ketone
Hydrogen
Propylene
n-Butane

Propane

Methane

Ethane |
i-Butane-
Ethylene

Vinyl Chloride
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" #Fqr other temperatures’ or pressures, specific test ddta- shall be- obtained.
#%These values were obtained at 122°F. The vapor presiure of these fuelsy at -

70°F is too low to form a stoichiometric mixture with air.
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that permitted in 2321(a). )
(b) The volatility of the fuel is greater than that permitted
in 2321(b). , : :

(c} The system response is not rapid enough to detect and

extinguish the fire before the volatility of the fuel is increased to a
dangerous level as a resuit of the fire. :

2323, For materials not given in the above tables, the Halen
1211 design concentration shall be obtained by test of flame extin-
~ guishing effectiveness plus a- 10 percent minimum safety factor or
by determination of the inerting concentration. = _

9324.  For combinations of fuels the values for the fuel re-
- quiring the greatest concentration shall be used. -

9325, Where gaseous or highly volatile or atomized fuels. are
expected, additional protective measures such as actuation- by haz-
ardous vapor detectors are recommended. NFPA Standard No. 69
covering explosion suppression techniques should also be consulted
for such. situations. '

#2400. Halon 1211 Requirements for Fires in Solid Materials.

2410. General. Flammable solids may be classed as those -

which do not develop deep-seated fires, and those which do. Mate-
rials which do not become deep-seated undergo surface combustion

only, and may be treated much as a flammable liquid fire. Most

materials which develop deep-seated fires do so after exposure to
flaming combustion for a certain length of time which varies with
the material. - In-others; the fire may begin as deep-seated through
internal ignition, such as spontaneous heating. :

2420. Solid surface fires. Almost all flammable solids begin

burning on the surface. In many materials, such as unfilled plastics
. (without filler materials), surface combustion is the only type:that
occurs. These fires are readily extinguished with low concentrations
(e.g, 5%) of Halon 1211. Although glowing embers may remain
at the surface of the fuel following extinguishment of flames, these
embers will be completely extinguished within a short time (eg.,
10 minutes) provided the Halon 1211 concentration is maintained
around the fuel for this time (called “soaking” time).

2430, Decp-Seated Fires. Halon 1211, like other halogenated

hydrocarbons, chemically inhibits the propagation of flame. How-.

ever, although the presence of Halon 1211 in the vicinity of a deep-
seated fire will extinguish the flame, thereby greatly reducing the
rate.of burning, the quantity of agent. required for complete extinc-
tion of all embers is difficult to assess. It depends on the nature of
the fuel, its state of comminution, its distribution within the en-
closure, ‘the time during which it has been burning, the ratio of the

N Ot T LAV

SPECIFIC VOLUME -CU, FT./ LB. (s)
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area of the burning surface to the volume of the enclosure, and the
degree of ventilation in the enclosure.” It is usually difficult or im-
practical to maintain an adequate concentration for a sufficient’
time to ensure the complete extinction of a deep-seated fire. (See
Appendix A-2400.) .

2431, Where the solid material is in such a form that a deep-

seated fire can be established before a flame extinguishing concen-

tration has been achieved, provision shall be made to the satisfac-
tion of the authority having jurisdiction for means to effect the
complete extinguishment of the fire. (See Appendix A-2400.)

92500. Determination of Halon 1211 Quantity for Total Flooding
Systems. '

3.0
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Fig. 8. Specific Volume of Superheated Halon 1211 Vapar (at 1 atmosphere). .
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- '-25.10. General. The Halon 1211 concentration requirements Ot |y | D P Ty e | o O
: . N . o g ; : 4 ) hony —
established in Sections 2300 ‘and 2400 are _c:onverted into agent = §§3 §§§§§ Egg‘g"g T g%gg
weight requirements through mathematical computations consider- T : O e e
“ing the volume of the hazard and the specific volume. of the super- .
heated Halon 1211 vapor. In addition to the concentration require- : e GRBBEDAN |SGEER (83822
“ments, additional quantities of agent may be required to compen- 5 |+ 33333323 |38 |z823
sate for unclosable openings, forced ventilation or other special con- % e i A
. ] . B . Pl ot R . . ) = .
_d;?o_ns which would affect’ the gxtlnguashlng efficiency. g |2 ein | e | 0oaeo | oo
o R . E P | |23 | RRERE | BR2RR |Haa88
2520, Total Flooding Quantity. Figure 8 depicts the specific Q_-A 2 Sac |geeasieasasd (833888
volume of superheated Halon 1211 vapor at various temperatures. £= '
" The amount of Halon 1211 required to achieve the design concen- g e l 222 gueo [2Ne—n |onowm
- . _ A L. . ™~ | €0 | D ~ww
-tration. is calculated from the following formula:. o g_ﬁ o 55235330 8888y |2gqas I
. . _ = : > [eeses
w=1 a ' 2l
ot =G 1% |8, (035 Q3208 |3852S |52]85
‘W == Weight of Halon 1211 required, pounds - k- f"fé E 835 |S88888 83888 |88888
's ‘= Specific volume superheated Halon 1211, cubic feet/pound g 3‘8 g _
C = Halon 1211 concentration, % by volume =% 8 con | o
R ; . o Mt |~ [ e
"V = Volume of hazard, cubic feet _ ¥ oo é " ‘§§§ §§§§§ §§§§§ SEDI3S
o S _ g (2| [2==2ee=ee - 23338
This calculation includes an' allowance for normal leakage from a o _g £ = :
“tight” enclosure due to agent expansion. Since the amount of gas < ™ m |5 8 | O e 80 | e et 00 |y o €3
and, therefore, the concentration produced by a given weight of [2{__3 2| w |22 | 2285 | hReen 2§§3§ b
" Halon 1211 is greatly affected by the temperature it encounters, the & = [eQ | eeeas eeacg |aaseq
specific volume of superheated Halon 1211 vapor for the lower -
operating minimum anticipated ambient temperature limit shall be - - o ZnY(hage (ggaen nowon
‘used in the design of a.Halon 1211 total flooding system, Table 9 o ™ SIS (22282 5232 e B
is a tabulation of the Halon 1211 weight per cubic foot of hazard >} Al AN S i
volume required to produce the specified concentration of various = .
hazard temperature conditions. , ' g
- All Halon 1211 total fiooding systems shall be capable of produc- =
ing the required concentration of agent under the. conditions of bt Gmoimocvn |tooamo laonen
. - — < Ch <p :
maximum net volume (gross volume of the hazard minus the vol- gég_' SRR fate ;ggzi gﬁg%% SRRIE |
- " . - . . v . had
ume occupied by solid objects), maximum ventilation and mini- 'H-_::h NN NN
mum anticipated ambient temperature; In' areas where a wide ﬁ%'
variations in net volume are encountered under normal operations £,
such as storage rooms, warehouses, etc., or where wide-variations in @
ambient temperatures are experienced. as. in unheated rooms, the. 7
agent concentration generated under these extremes shall be calcu-
lated to determine compliance with paragraphs 2112 'and 2113. = E
. . . o 2 | e~
. ;. e . e | BER  SREBRS|SRE22|28888
#2530, Special. Conditions. Additional quantities of Halon g ° = |SRRIS|=RRER
1211 shall be provided to compensate for any special conditions o

such as unclosable openings, forced ventilation, or. other causes. of
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* Notes to Table 9. o
o (1) Agent. Weight Re‘l“"“mn"-x.(‘v——lb.fft.“’) — Pounds of agent re-
. ¥ _
 quired per cubic foot of protected volume to produce indicated concen-
- pration at femperatures specified; :
S ‘ Y. s -0 _ _
. (2) Temperature (t— °F.) — The design temperature in the hazard area.
o (3) Specific Volume (s—ft3/1b.) — Specific volume of superheated Halon
l:gl-l-jvapdr at the.temperature indicated. - L
R 5= 1.905 4 0049 t- _
" (4) Concentration {C— %) —Volumetric_concentration of Halon 1211
“in air at the tempefature indicated. )

agent loss. It shall be the. responSibility- of the system designer to
.show that such conditions have- been taken into account in the.
design of a system. '

| 2600; Distribution System.

2610. General. The. distribution systéin for applying Halon

1211 to enclosed hazards shall be designed with due consideration
for the materials involved, the type of burning expected, and the
nature of the enclosure. These factors.all may affect the discharge
times and rutes of application.

#9620, Rate of Application. The minimum design rate of ap-
plication shall be based on-the quantity of agent required for the
desired concentration and. the time allotted. to achieve the. desired
concentration.

9621. Discuarce TiMe. The agent discharge shall be sub-
practicable; uniess a longer discharge time is. specifically permitted
stantially completed in a nominal 10 seconds or a shorter time . if
by the authority having jurisdiction. This period shall be measured
as the interval between the first appearance of liquid at the nozzle
and the time when. the discharge becomes predominantly gaseous.

This point is distinguished by a marked change in both the sound”

and ' the appearance of the discharge. .

2630, Extended Application Rate. Where leakage is appre-

ciable and the design concentration must be obtained quickly and
maintained . for an extended period of time, agent quantities pro-
vided for leakage compensation may be applied at'a reduced rate.

TOTAL FLOODING SYSTEMS ' 12B-33

9631. This type of application is particularly suitable to en-

closed rotating electrical apparatus, such as generators, motors and
convertors.

2632, The initial discharge shall be completed within the
limits specified in paragraph 2621..

9633, The rate of extended discharge shall be sufficient to
maintain the desired concentration for the duration of application.

2640. Piping and Supply. Piping shall be designed in accord-

ance with the requirements outlined in Chapter. 1 to deliver the -

required rate of application at each nozze.

2650. Nozzle Choice and Location. Nozzles used with total
flooding systems shall be of the type listed for the intended purpose,
and shall be located with the geometry of the hazard and enclosure
taken .into- consideration. o

2651. The type of nozzles selected, their number, and their
placement shall be such that the design concentration will be estab-
lished in -all ‘parts of the hazard enclosure, and such that the dis-
charge 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 de-
sign and discharge characteristics and shall be selected: on the basis

of their adequacy for the use intended. Nozzles shall be placed.

within the hazard area in. compliance with listed limitations with
regard to spacing floor coverage and alignment.

2700. Venting Consideration.

2710. General. Venting of an enclosure may be necessary to
relieve pressure build-up due to the discharge of large quantities.of
Halon 1211. Appropriate pressure relief depends on the injection
rate of the Halon 1211 and enclosure strength.

2720. Pressure Relief Venting. Porosity and leakages such as

around doors, windows and dampers, though not readily apparent
or easily calculated, will usually provide sufficient relief for Halon.
1211 flooding systems without need for additional venting. Record

" storage rooms, refrigerated spaces and duct work also generally

need no additional . venting.

2721. For very tight enclosures; the area nécessary for free
venting may be calculated from the following formula, taking the
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. speéiﬁc v.volume of Halon 1211 v'apor:a;t J0°F to be 2.26 cubic feet
[fjer .Pound: C [ ..
_18Q .
x — Free venting area, sq. in. s
@ —Halon 1211 injection rate, lb. per sec. =~
p.— Allowable strength of enclosure, tb./sq. ft..

X

. Table No.120

_.  Strength and Allowablc"P;esS_i_ires for- Average Ené_lésuteé; '
: o .- PRESSURE
. : Windage - O .
* Type Construction miles/hour - 1b/sq. ft.. In Water  psi
Light Building B (11 R 1. L S 5 .17
Normal Building . 140 . - 50% . .- ... .35

Vault Building 2000 100 20 70
_ __*Vénﬁhg sash remains closed. _. ' o '
Venting sash designed to open freely.

| 2722. In.many instances, ..part'ic.ill_arly when hazardous mate-

' rials are involved, relief openings-are already provided. for explosion -

venting. These and other available openings -often provide ade-
quate. venting. _ - ' :

2723. Table 12, based on general construction practices, pro-
vides a guide for considering the normal strength and allowable
pressures of average enclosures.
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CHAPTER 3. LOCAL APPLICATION SYSTEMS.

*3100. General Information.

3110. Uses. Local application systems are used: where there
is.no fixed enclosure about the hazard or hazards and for the
protection. of individual hazards in large enclosures. Where
deep-seated fires are expected, the total flooding requirements of:
Chapter 2 apply. ,

3111. Examples of hazards that may be successfully pro-
tected by local application systems include dip-tanks, quench-
tanks, spray booths, oil-filled electric transformers, vapor vents
and similar types of hazards. :

3112. For all Halon 1211 local application systems located
in normally occupied confined spaces, the calculations described
in 2520 shall be performed to determine the volumetric con-
centration of the agent developed.in that volume. This concen-
tration shall be less than 4 percent for all normally occupied
areas. For the purposes of this standard, a normally occupied
area is an area intended for occupancy (See A-1200), Since it is
not the object of a local application system to distribute the agent
evenly throughout the entire volume; locally high concentrations
may be experienced. _

3120. General Requirements. Local application systems shall
be designed, installed, tested' and maintained in accordance with
the applicable requirements of Chapter 1 and with the additional
requirements set forth-in this chapter.

3200. Hazard Specifications.

* 3210. 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
shiall include all areas that are or may become coated by combus-
tible liquids or thin 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.

 3211. When a series of interexposed hazards are subdivided
into smaller groups or sections, the systems for such hazards
shall be designed to provide immediate independent protection-
to the adjacent groups or sections. :
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3220: Location of Hazard. The hazard may be indoors or

© partly sheltered. If the hazard is completely out of doors, it is essen-

tial that the agent discharge be such that winds or strong air cur-

rents.do not impair the protection. It shall be the responsibility of

- the- gystern " designer to show that-such- conditions have been taken

into account in the design of a system.

~ *3300.  Halon 1211 Requirements.

'3310. General. The quantity of .a'g_eni: féqui_re&'fdr local ap-

. plication systems shall be based'on liquid discharge only and on
* the total rate of discharge needed to protect the hazard and the
© time that the discharge must be maintained. to assure complete

extinguishment. =

' 3811, Since only the liquid portion of the discharge is effec-

tive. in this application, the computed quantity of agent shall be:
* increased to compensate for the residual agent in the storage -
_container at the.end of liquid flow. '

#3312, The system shall be désigned to compensate for any
agent vaporized in the pipe lines due to heat absorption from
the piping. o ' '

. 3320: Rate of Discharge. - Nozzle discharge rates shall be deter-
mined as outlined below: : : : .

3321. If part of the hazard is to be protected by total flood-
ing, the discharge rate for the local application portion of the

system- shall be maintained for a period not less than the dis-
charge time for the total flooding portion.

3322. The minimum design. rate (R,) shall not be less than

~ the optimum rate (R,) required for extinguishment (See Figure

13). The minimum design quantity (Q,) shall be no less than 1.5
times the minimum quantity {Q,) required for extinguishment

at any selected design rate (R,). The minimum design discharge.

time (T,) shall be determined by dividing the design quantity
(Qa) by the design rate (Ry). _ ' _

~ 3323. The basis for nozzle selection for local application
systems shall be a curve similar to Figure 13 together with other
performance data that clearly depicts the interrelationship be-
tween agent quantity, discharge rate, discharge time, area cover-
age and. the distance of the nozzle from the protected surface.

LOCAL APPLICATION SYSTEMS o 12B-37

8324, The information in paragraph 3323 shall be con-
tained in the listings of a nationally recognized testing laboratory.

3325. Where there- is the likelthood that metal, fuel or
other material may become heated over the ignition. tempera-
ture of the fuel, additional means shall be provided to prevent
reignition. Examples of such additional means are exténding
the discharge time of the local application system, using a halon
total flooding system or using other agents.

3326. ‘ ‘Where there is a possibility that metal or other mate-
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Fig. 13.° ﬁpial data presentation for local ‘application oxdes.
rial may become heated above the ignition temperature of the fuel,
the effective dischiarge time shall be increased to allow adequate
cooling time. This is especially important ‘with paraffin wax and

Minimum Extinguishing Quantity — Lbs.
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- other-materials having- low auto-ignition temperatures.

3327, 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; RN : -

.-3330. Area Per Nozze, The miaximum area protected by
-each nozzle shall be determined on the basis of nozzle discharge
pattern, distance from the surface protected, and the design
_ discharge rate in accordance with listings of a nationally rec-
" ognized testing laboratory: L T T

.. ~8331. Irregular shaped or three dimensional hazards shall
- "be protected by a nozzle or combination of nozles. to insure
. complete agent coverage of all'exposed surfaces. The projected
" surface area shall be used to determine the nozzle coverage, but
all surfaces .protected by a mozzle shall lie within the nozzle’s

listed range limitations.

‘ 3332._' Whéri_ deep ]ayéf-r tlammable liquids are to be pr6~ _

'tected, a minimum free board shall be provided in accordance
~with the listings of a nationally recognized testing laboratory.

. 3340. -Location aﬂd Number (ﬁ_. Nozzles. A suﬁicieht number
of nozzles shall be used to cover the entire hazard area on the basis

of the unit areas protected by each nozzle. -

3341, Tankside or linear type: nozzles shall be Jocated in ac-
cordance with spacing and discharge rate limitations .stated in
nozzle - listings. . .

3342. Overhead type nozzles shall be installed perpendicular .

to’ the hazard and centered over the area protected by the nozzle.
- They may also be instailed at other angles to the. surface in ac-
cordance with nozzle listings. o

3343. Nozzles shall be located 3o as to be free of possible
obstructions that could interfere with the proper projection of the
discharged agent. '

3344. Nozzles shall be located so. as to de'veiop an extinguish-
ing concentration over coated stock or other hazard - extending.
above -a protected surface. - ) : '

3345, The possible effects of air cirrent, winds. and  forced
drafts shall be compensated for by locating nozzles or by providing
additional nozzles to protect the outside areas of the hazard.

e R T L R A AR Y

APPENDIX 12B-39

- APPENDIX | .
THE FOLLOWING APPENDIX MATERIAL IS PROVIDED

" TO EXPLAIN THE BASIC PRINCIPLES, AGENT AND:

EQUIPMENT CHARACTERISTICS, AND MAINTENANCE
AND INSTALLATION PRACTICES.

A-1100. - Halogenated Extinguishing Agents.

A halogenated compound is one which contains one or more
atoms: of an element from the halogen series: fluorine, chlorine,
bromine and iodine. When hydrogen atoms in a hydrocarbon com-
pound, such as methane (CH,) or ethane (CH;CH,), are replaced
with halogen atoms; the chemical and physical propertiés of the
resulting compound are markedly changed. Methane, for example,
is a light, lammable gas. Carbon tetrafluoride (CF,) is also a gas,
is. chemically inert, nonflammable and extremely low in toxicity.

Carbon tetrachloride (CCl,) is a volatile liguid which is not only.

nonflammable, but was widely used for many years as a fire extin-
guishing agent in spite of its rather high toxicity. Carbon tetrabro-
mide (CBr,) and carbon tetraiodide {CI,) are solids. which decom-
pose easily under heat. Generally, the presence of fluorine in the
compound increases its inertness and stability; the presence of other
halogens, particularly bromine, increase the fire extinguishing effec-
tiveness of the compound. Although a very large number of halo-
genated compounds exist, only the following five are used to a sig-
nificant extent as fire extinguishing agents:

Halon 1011, bromochloromethane, CH:BrCl
Halon 1211, bromochlorodifluoromethane, CBrCIF,
Halon 1202, dibromeodifluoromethane, CBr;F, '
Halon 1301, bromotrifluoromethane; CBrF,
Halon 2402, dibromotetrafluoroethane, CBrF,CBrF,

Halon Nomenclature System. The Halon system for naming halo-
genated -hydrocarbons was devised by the U.S. Army Corps of Engi-
neers to provide a convenient and quick means of reference to can-
didate fire extinguishing agents. The first digit in the number
represents the number of carbon atoms in the compound molecule;
the second digit, the number of fluorine atoms; the third digit, the
number of chlorine atoms; the fourth digit; the number of bromine
atoms; and the fifth digit, the number of iodine atoms. Terminal

zeros -are dropped. Valence requirements not accounted for are:
assumed to be hydrogen- atoms (number of hydrogen atoms = lst:

digit times 2, plus 2, minus the sum of the remainng digits.) Ex-
amples of this numbering system are: :
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