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• This report describes the results of a study to evaluate the r~ost cost

effective conversion for existing A:r Force CB—lO flight line extinguishers

to employ Halon 1211 (Bromochiorodifluoromethane) fire suppression agent.

The program was sponsored by the DOD Aircraft Ground Fire Suppression and

Rescue Office ~ASD/SMGF), Wriynt—1~~tterson AF~ OH , under system 414N. Mr

Richard Robbins was project monitor. The study was conducted by the Air

Force Civil Engineering Center (AFCEC) , Tyndall AFB FL , during the period

December 1975 to September 1976.
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l i r ’ o s a  r5r;~~c ass .. ;~ s’, -_ pi~~ne~ , as 
:

000 .1:50 501 5 Of u~~ 5050 tha t

55 . 5 0 4 5 - c 5  a c t c::~ - f~~~~~~i:’ ~~ s t :j r t c c i n g  OCCUr S.  Pr c s a ar o

n rc1 - , OLCu.I 2 1 s~~~..- ti-c hc~ e cs-:s S t r a I t .  Sc the 000roSi50iaSLlcrL

must b.. ra:€±uliv m e t s l s e l  to un~. r ,ardwa~s to src.vsde optirr-oxcn

f i r e  ex s i cJ 1 s . h s l . ;  e r S o~~t~~ver.c-ss. With i n to -coa l  pressuriza-

tion - . r a :,.rs . IOu 
~~~ 

or :.~ c, nor ss tCras i1y  ost ineco w. tb si~~~C5,

1211, esir .- .orng On tnc  L a r : q tr .  ace aiamet.s- of the bo~ e. Wi th

extern,d~ sre:;s .re , l r - ~a coar. 200 ~ 5i is rsircs-Zil ’ s a L f i c~~oat ,

again depending on frLctIoc _ossee across tn -c: ho -ac ~~;d SOzZ e 5 .

5. Amount of F :ce :-. -:‘slt:r;t; from ISr i eus  l’ . c o  0 1111 , Ib is  i~~~
—

formation was needed to de termine  the fi re  sizes for Phase II

arid to help select the most cost effective conversion. It is

known that a very high percentage of flight line fuel spill

fires involve small amounts of fue l .  It was , therefore ,  nec-

essary to determine the f i r e  area likely to result from this

• type of spill. Tnss is also help fu l  because it i~ known that

one pounó of Ealon 1211 is cs-able of ex t l r ce : 0 h 5 53  apprcxf-

m a t e L v  i L VO  square ft.et os fire ao~~~t to U I cQflt, 1~~~~s- per

-s-ar d or . ~ 7ii ~ O.1r. toate-1 11 , ics,~~~-r . .s-u r . ses , ., 5’ . s- I c -

3ort .csics-. No aoterr~~t was t:su0 ti ._ o cr o b 5 t o  Ut or S .L(’l l

depth f.,.res with simple coal sosisi oct a b ard ssr os- ’..

• ovur , ~t i known that f ses-su—aeo:h f sr s i  s-c .s:-. s:ouss das’-

ably more agent to extir.guish than a s t i J  of the es-ti at.:

3 . 2  Phase Il Oh4ectivc:

The object ive  of the second phase was to vaisdate oh0
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3 . 2 . 2  r UO,.-. S~ i.ii i - i r e i (P :. s-.
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r iostac  . a s uf f i c i e n t  grants-v o l  fuel  was t t s i  to ..,Llc s 15. _

pros-rn and to- insure the fual was not ccnsumet 0-ofore sic tass -z.~ . .  cc -

ple ted .

3 .2 .3  E50 55
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,c n5/or S.c - .‘:‘ ,d.,.~t i s- :  t Q .-.V 0 - f O e O  ‘ .~~~i0 U,’t i t .

‘:hes0- tests v er c  r o i S cJC t,. c 031 000pieLo aircraft wr,eej. and tire

assemblies. The t..res (non pressa!-ized) were given various pro-burns above

a tray of JP— 4 and/or ~ aso1~~ne r s :~ :- ’sc--. and tests wer e -  c-or .doctoc: with rs-ion

ISIs , tIc ,’ :1, ~ ,.a1 ur . c: 5-5 . £X t i 0 - _ t j O f L S  w cr s  cb~~erve -cb Icr  r C- i :~5 i E L 0 r S  or

• c-thor s - robbers  l ike Orac }clnSj or e- :-a:lc-siorl of the metsi wheels.

3.2 .5  Obstructed and Run n ing Fuel Fires

These tests were also conducted on the salvaged T-33 aircraft  in

— conjunction with engine tires. Fuel was allowed to flow into the ir~terior

of the a i rcraf t  at such a rate that it could not be completely consumed by

the Sire. Excess fue l  dripped to the ground from cracks in thl. fuselage

and around concrete support pillars.

3.2.6 Novice Trials

Hardware evaluation tests were conducted usir.g an experien-mod

operator to minimize variables in fire fighting techniques. Following

these tests , novices were allowed to approach d i f fe ren t  f i r u  si tuations

F without instructions or protective c1othir~g. Their performance was ased

to help select the most cost effective- conversion.

3.2.7 C l im a t i c  Cc.ndit ioniss-

At sd-s - : - _cms b ., ts-n of live fn.re tuStS , too chose .. -cn:t~5 v’:re s-n-

U _ a c e - c .  at t50 DCÜ CI 50.a u Ln ,s : :  - s -c r y  do 0-4 1.lr . AFP FL 1:- s 2- .:..

— 60°F t emperature  to s imula te  ~e-v ere  ar c i lc  conditions s-c. c-her. c .s .scharqeo

to observe ~ny char.-~ o 0 1r, 2r t : e t r - , f low r a t e- , et c .  rho  so w~ Sc user:

condi t~~c.nod to 140°F and d iseharoc- i  to .- srsaiato- sevs- e tropic or desert

7
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FIG. 1 RANGE TEST APPARATUS
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converted CB—l0 extinguisher. This procedure was used to conserve agent

and time while allowing consistent test data. Nitrogen was supplied from

a high pressure cylinder (1600 psi ) through a regulator that was set at

the desired test pressure. A pressure gauge was mounted in a “T ’ f i tting

just behind the test nozzle.

4.2.3 Discharge Rate

During each test, the entire CB-lO , with the exception of the hose

and nozzle, was positioned on a large scale. Initial weights were recorded

as well as the weight to fill the hose with liquid up to the discharge

nozzle. The weight discharged per unit time provided an average flow over

the total discharge time. No attempt was made to determine instantaneous

rates, since the rates should be constant as long as the regulator pressure

was constant.

4.2.4 Nitrogen Solubility

Since nitrogen is somewhat soluble in Halon 1211, all tests were

conducted with saturated agent. To ensure saturation, the extinguisher

handle was raised and lowered rapidly (rocking) , thereby agitating the

liquid. During agitation, makeup nitrogen was added to replace the an~ unt

dissolved in the liquid . This procedure was repeated until the nitrogen

pressure was in equilibrium.

4,2.5 Wind Effects

Wind gusts can affect visual observations of discharge pattern,

especially range and plume formation. To eliminate this problem, all

Phase I static discharge tests were conducted when winds were essentially

zero with a maximum allowable breeze of 3 mph.

10
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At the test site (Tyndall AFE), these wind conditions are avail-

able for a short time after sunrise each morning. However , at this time ,

the relative humidity is near 100%. Halon 1211 evaporation caused some

chilling of air around the discharge causing condensation in the form of

visible moisture or fog. This fog was at times difficult to distinguish

from agent vapor causing some error in judging plume formation. However,

this error is considered slight and inconsequential when compared to the

benefits of zero wind.

4.2.6 Observation Criteria

4.2.6.1 Pressure Readings

Since the line pressure of compressed gas regulators is dependent

on the back pressure and back pressure varied with each test nozzle, the

possibility of adjusting the nitrogen regulator back to the set test pres-

sure during discharge was considered. However, this was judged to be un-

necessary since the maximum change noticed at lower pressures was about 5

psi. The pressure gauge behind the nozzle also fluctuated slightly during

discharge, usually plus or minus a few psi. The final reading for Pn was

taken as the technicians ’ judgment of the average pressure over a 10—

second interval. -:

4.2.6.2 Range Readings

- - 
These readings were taken at the point where liquid Halon 1211

hit the ground. In cases where the agent evaporated completely in the air ,

the point where the visible continuous plume ended (gaps appeared) was

t ak en  as the range.

11
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FIG. 2 DISCHARGE PATTERN EV!.. 1
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FIG. 3 DISCHARGE PA’rTERN EVALUATION
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FIG. 4 ANSUL NOZZLE

FIG. 5 FEECON NOZZLE

14

-
‘ • ~~~~~~~~~~~~~~~~~~~~~ ~ii~~_ ~~~~~~~~~~~ ~ ~~~~~‘~~~~T ‘~1



_ _ _ _ _ _ _ _ _ _ _ _

ar c -u - c l  rca. : e r e a s u  rs ru :  ut’ s-. o a c  c-So - ,-~..I ce- mecr,eo~ srr. uy .A

i i . .  .ss-nect to ~ ttaCi 1 an axtersiablo spoIls-tot or probe . The operas- nc~
-, - nier  ash 5~ara.l Se- i to t lye so t~~at i t  rc-se~ 1-Iod th- 

s-cl 0r 55Q] .~~~~ pumps. (F igure  6)

4.3.6 ICI Plastic

A converging—diverq~ ng r,oszie wi’s-out an crioc-tral vab~ e-. This

type .Ls used extensively on I-1~~1or, 121]. wheeled un i t s  in Europe ash e i s a —

wo e-r e -  for  a i r c r a f t  protect ion. (Figure  7)

4.3.7 Id Fans

A brass, flattened horn without an integra l s-bye. The- ..c t~~~ cs

of nozzles spread the agent in one plane and are sometimes considered rrorc

effective than circular nozzles or. flat ~urf~ cs fire-s when r i d s  scrsz0550 -

ly. Because i-. spreads the agent, range is usualil reduced . TOrus sizes

were evaluated. (Figure 7)

4.3.8 Stop Fire Fans

Same as 4.3.7 of dilferent sizes. Two units were evaisar.. 

(j?igure 8)

4.3.9 Sto2 Fire Conical

Same type as 4 . 3 . 6 .  Three s-sos were eva lustos .  (Fsg-.~o u 5 )

4 .3 .10 Rockwood

tong horn wito ..r,tec~ral  valve  that couia b e-- set ‘cur  sors-.jbz

sc-rears or dispersed pattern.  (F:~~ure -  9)

4.3.11 Wilco —

Plastic nozzle with variable patturn control . (Figure 9)
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FIG. 6 GRAVINER NOZZLE
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FIG. 7 ICI NOZZLES
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FIG. B STOP FIRE NOZZLES

4

FIG. 9 WILCO (TOP) AND ROCKWOOD (B YrTOM) NOZZLES
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t o r e -  Le-st i .,  ws-rc i!i S - . c . . . c . c . s-/ , ‘ c - - c c _~e - e - r sz, .~ _ s . 5  at LSi lc _ .  c O v e - I .

4.15 £ . : r

Trr e c -a - co o L I V - .  cc .] o n -. s See- S S e- S i c _ c c -  ‘Ie - . -  c-C Cc_ c_ 5r0rmi5~t_ c-SOc

Si re -  that wo .-I l result from fuel cs-ll~ e-., ~ ....~~ e-t i a . c-  cc _ I  c-s. - . s-r e-sos ,~,:

fu e l  so r l l c -o .

For tnese teats , cc S e - C c -I C - S o  of c- Soc _ c_iSaS. c c u c I S r e - o e -  r c r ’,~ -s ’’ ~-

and C OCOL€d  fo r  f lat n e s s  by a profess ional  a.ss —v e-’.arncr se-sm. A c_ cha t of c- ,.,:-

Vs-SOc- c cs-can--sc W’as e-Iit ~5~~dSs- by tne Sl5-rVc’ -c- f c_. _ c.j s r e  12’i ac -c.. a c _ c c - c o - c - c e - c

(4 6x48 ft.) Se-Cs-On  Was c55030r1 that was flat ant s-sa c., ~ nc -ax oc - ;e -0. e - s e : -.~c- s--cr.

variation of - 0.0S fe -e t .  A cc-so was cac-ntec Crc the ssrc-acc-- (e -’ c-_ Fs-.crc_ . 11)

so s-cOt each oivision c:ontained foe-s  sq-aare feet (2x2  I c - c .

JP—4 fuel ~c_ 5.5 sp o i l c .c o onto c-Soc ss--~c r e -t t  n. ha-s c - s-sic-. e- e--. .-sj55. ~~

cr .e- tools or l a ss .  S c - c . e r  the -  s ;11 .,  000 5.. c. Ose-.e-. e-llC.Ss S C. tO sr- s c - ac :0_c’ 5.,

30 or 120 seconds,  at whi-c - ic- :s’c.r’ce c-he- Sre--~~ r oe- e-s-l:c-atur. a’s . s-o ~~.0OI W~~S

c - ’ r n o t~~s A f c -e -r  igr 1lts-ac-1, the-  .s_ rcr ~s - - c  c - cc -r e - ce  ~ rco WO e- Os]500 tc_ S ’c5~ - - -55 ..

(see F i yu r e  1.4) . The time b-_two-es. .t:,~ccs t.-on cod c-nc h .-~ s- 
Wh Occ _r e. S ’Tc_ ,s-

ir .c-cc.sal  b um o ircy  ar e -- c ha-a S O - s - c - e - c c  c a t  - ,sa~ -s-servo-n dc_ s tc~.e- 5 e - 0 0 0 . - . s- e - c - r  ::lntc .

Thas was done to p oe-wor s e- urs tccalis tical l y lc.-n e xt e-r ,c t i c r l  5 5.10 5 O f

very small area had fue l  remaining because it  was ori :;anai l y c o o p - cr .  No

tto -0c 1 were conducted it wind gusts cxceedc-cs 3 mph.
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cc: -e -n i e- I  cc~s.’ : lcss,  i s --cc -  c- -
-

u.c.  .~ ‘ c - . c _ L . ’~ had -j~ c c . .  5 e - S o -~ . , S-, c.rt L:ce - e- ,. c -P’.-sc_ - ;c _ c ~c _ e - 0 S c . c~ - ,... e - S .  ?I~. — ‘ . u S - — 

-

cc :cO st,c., 1 .~ore .- o— ~c - ic - oscc j  - - s . c _ ce  c o t  sp iha t s- ’5 e c - c - _cc-ce- .

c-cr - . ~ hu~:e-- .s [ c e -~Zj s-- ’-’ isce j - 5c _ 5~cc 5’ Sc- .]  O~~ S ’ c _ c _ .  ;S~~ v.. vcsc. .s - c_ s  j . sj c _ c _.  c _ c - .  the 

- s c  e - 0 - e -  I ’e-:c h e - r  rs_~~ cc .s-c...S 5.~~ j e - c - .  3~~c ~. r C t l . , ,sc  -

Sc _ Sc .-e-0 c- e-c_ .- r.s ’Snrcc.ccn 5 0 0 0 . 5 , cc’S-cc c-’ r c_c. 0 fU,ITSt ~ 0- ..0 :’i_c te- c e - cc _ - c- -I to

or - c _ h - s c _ c _ C  150 po s .  e - e - O V c -  c _ c - O S . -  j - : ’ cs - r ’ e - o , tc-.’o c o  5.. . ..c l O s- S c sI.

E c . - u . e - t : -’ -c- c  c-- c i c -U I ‘ -‘/ tne o 1c- - ’C- ~t S o i , sou. .s.o. ’ccc 15 , . ..~~f L  cc _ .~~ . - ‘ .~~ c-C .. . .  -

- - c e - c c . - ’ . ,  .c_ ,c :c_ p’-.c- . -~ Is-.i -se -sce -_ sy ~~— - _ - ... - .  1 -  -

Pre -c_,~~,.~~e- ~~.o7 d L c_e -  c c _ . s -~e-ao  �-.c_ 3 - .c_- -7 ..,..~~, . .-c -s-. c5 - c - n ’. c . .  c _ s  . s.. _c~ c...j c_ :

- -

Il-se- c. . ’~.-a c.c_ i S l I c  1,5 - - 5 ,  c - cc  0cc-cr  5:c.cc- cc . c - . -~ ~ n 5-~~ -~ c- ., S o s _ C  ~~~-ctt

c - c c r f - c _ . se- it  c ~~, 5  c- S c i -  c-, .c- the . s, c- of fc- I 7 . 5 5- :  —~ .‘cl c-s.c .- S .050-sn

s c - i c -  se- ,s-’ s-,0 _ c c - c _ t .  .:- c_ w - scc. r , c-s-nc - rele-t s:.- : e- s-  - s o  r o t  . , :e - c r .

- - - . c-c_
_ / .  ,.i f u e - i c-. sc : c e- - .. - - - ,-. e - _ - ’r , ~~~- . .  ‘s’Sos- . iS

S. h - : .  c c c j .

soc-isa S - e-u. c - n-sc- .  2.) I.~~~L jj 3fl~ -,-/ ., i i  7., cc -ha S. - - . - 
- -

c-c_ c. c. i. c c- -c _ r. ~0 -c.s-y : su ’ c - c - c _ c ’ ’  - . c, • . .-ur c-c c -c c _ r e -  C_ c , .e - . cc, s - s  ; cc ,~~~. c _ c c  c_, ,. .55 5 —

c -Se -nc c _ c  f u e l  15 - s- cs-

5.0 CI 

- 1e--;t ive e- ha ., ‘~~u .c-, Cc ,- s-ha
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• i. - s . . - . 5- c e - c : - !, , - : - c_ - - ‘ - - - S -

I S . . .)’ . e - ,  H s . _ e - i c . t  _c . s r s , - : c c e -  . c I ) T . 5 n - j U i . c _ c _  , 5 e - c j  -s--~ ’~ t ’ 5 C c c . 
,.‘r. .5- . c : . - . s ’.’ t . i .’ ,_ccs s -c c - os -  c r ot c - ; r - , ce-c -. ~s - c , ,.. - . r . c _ . •c n, .. - s - ca .  J ,c- . c - c c -  -c- c-aIr -

I-c s -s .- . n t o r . e -  ( r - • - c c c . .  .r , -~ c c t e-~~;s-Oi ’i  ( c c ’  - s u c u c n oiS) : :cnSe - cc c c n c - . c . ,  s - c o t .  -s .c.

c - c _ . .. e- ‘ c-c- - ,e- c - e r  so bc i r e - S c  ~~ ~- .s -  _ vc - 5 :5 v.e -lue -c--~u c-c-. 1’, s c - - c _ c c - c  - .

.~~~ t - c _ c - - S  05 ,0 (51 .0~ - 5  cc - - ‘ c _ - c  1- u l  c. ’ - . S - c c . ) ’ - . c _ c - . -  c _ c c _ c  c_cS e-e - .nls i  he- t n t , . -

‘.- - c.. -- .- r , s - c _ . - :  . C c - C s ;  i~ 5 r 5  c - - ; -c _  - ; c . , f e - S  ursO ’c c . -:: ~ c - c c ’- c c , s c . 1 c c j  picsccn -.S. c- S u e - .

c- /a so. : . w i t h  a c - i c -  f t c - r e-re-c  f il l i nc e- cc-v ie-u arid uio~ z1e.

it  sc-od d be noted that three different types of Ca-S.C cc-ott c-re-

in -.cs.. at the present tome . Uc_~cit~ were manufactured or l i i s cai P-  c - y i..Sc -e-

Guard , 5tocc Fire and Fyr—Fyter .  For the purpc’sc_c of thos prc’cjrae-, icc-c

3c_ . ., rcc - f l c a ,Lt  - c- , of fer e nc e  between these uoe-t s is the- vol-st e of c_ s-co c - c _.~ CS o 5  c c c . ; .-.

wi’s-rh  ‘ic-n ed ‘op to 0.57 cubic feet .  The ;.r.sul modif . .cat ior,s  vs-.rc. st_ c t sc-c

c-.rc a Fire  Guard un i t .  t he  -Id sod Stop Fire modifications wore se-c- c-i- or.

f , c - c . c o  Fire un5ts . The- Fyr—Fytei sc-cot  was not c ct s l iz cd  cc-r ic o  t i- os

S i c-~Cs .  ~ t e-ad lQcqc ’t f 0 7  port  ste -c- cocrpc -c -.c.ibic. wot i  5’ . scce-t So - , Z s - cc _ of, - ,c. -

S _._ *c :_i .

0. . .. 1  has- c- ~ nsu 1 E’-e -c i f e-ca t , . lon

icc this c-u.s-c- ~u r - c _ c t e - -0n , :r. c c--x t sn~~c_ c_ oa ,c r tank os c_ n e - c - , . - -  j c-.Ic’

se-cS:, : pro:cc- Cc - 5 ,e - T ct i C r i  - the OfciJ  l - c - e - S u u S O  1$ the- vu -coo n n u e - . . c - r -  or

oc3ss rt. Is c- Es- -c-c- ,  oc c-I .e- :e-S Ic-. a e-r ,,e-7 , h~~c-r: p r c -c e -u : u  c-yie - ;~c_ SOr - . - . , ,

-scc-c- s-c td  by e - c . -i rk c-t  to c-he e - x c - c c - - s e - c _  . c_ be -r  S-rac - , s. e-re-h cc-r.:,ccc~sc-- .. c- cc :no s - -.

f su.crc.~ through a preset re’~u c-sc-cr ( see Figure 18) . The .- s--- occc :. -

vol c c _ sr , - i - c  not c rit  s--a S as long as; it co-st oics su f f i cs  cic s. -:si -c_ Es.

- - c _ : . c _ .~ - cr e-  ,r - c , c ’ n c c r - -  c_ cr ,  tch~ ,.-~ccflt tur K t hc’oucc h o ;~t c- Sin d c _ c e - s c . . :  cc . Sc- c - s- c e  -t
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cc: .,, - - _ c - e - t o c  :: c_ the- 0’- -c J’ . e-  Ofl t~~e -/ui~~_Os-’So C / c _ s - r~Ulc. Is Ic /s c_ cc -c e - ,

t~s.: 5c _- . u c- t  ‘c cc ns-. to S_c S-s-c-i 51cc u c - u c c o .  c- s.c.- Ar~sul external l y 5c_ rec _ ssc.c _~~c.z~ d sod s—

fs-atc.-on CC.5500SEe-/ s  of Use following :

1. Modificatoon of the oI.’ciSc-tinsi valve scour,ted atop the tank.

S n .  A pressure r e-l i e f  va1v~ pr eset  to relieve at 267 c-c 295 psig.

The c-.rcrsc-re relief valve rsa a  a hasidic wh~~c)c can so -oseci to

rrcanuaiiv bleed -off  t c.~cck pressure.

3. quick—connec t  p r e su u r c c  couple-sq for chc -cr~~zng the- -can~ wi t s-.

ha l co rs 1211.

- A 28 cuss-c foot ccotrocjer c cy i e-r a s cr  and c - - c _ s - i e - .

5 .  brackets to secure the-- ni trogen cyl inder  to the f rame.

C. A pressure regulator to control the flow of nitrogen who-c-s the-

system is activated.

7 . A ball  valve for  puc -c_sjonq the hose.

8. The necessary j on es  and fittor.qs to plumb cc-c os trogen cylin-

der and regulator to the agen t c-ar rk .

3.1.2 The 101 ~ouif~ catio.c

11 sugqested c- stored or into-once-hay pressurize-c Se-c c  -~~.E - c _ s - O t) ,

0-u. c-~ t s re-~ ‘ ccn same- as e-x: Sccsc - ,- ; -S.c cn._c~ Soc - f s - C cI crcc-fle-. -, W c .5~ .

i s-..OWS

1. The exia 01mg c-cressc-re- gauge was removed u.n /s  ic-s i c - c c  . .aco a

brass “T” c-c -os -c-c --cr we - e-cnc,c.ctcca. One e-~ e-e- c-f cchc-- ‘T” ne/s a

q-uick—conneot to attach the lialon 1211 fi l l i r-cc h o c - c .  7cc

gauge was c-c-crc replace-d ic -c c-nc- other si/s-s of c-ne “T . 
l-s.ec-

Figure 19).
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1 TSoe- c . n _ e - c - . e - -~ t i l _ c L c -  ~- . e - . s - : : :~. - --~. .. cc t r : r.: ~~n . :, o e - . e - s s - c .

o e -~~j e - n -  u~~~ e-- :-r t h - c  S7.-c~~~ . -s-- s c - v - ) :nc cI : ~ e-/s s.

two ccn~~o l c.ocre e--  sir- sc-cs-sc- so c-bc. .s-c ..t s - c - c , - ; s-c- - -  c - _ l a o  VO i—

ar r t e tr o : u . i ly SCi gure  .~,I - - r5.ot c .S.cc- jce- tcccc.es h.e-cI tr ,r c..ae-c. /s c -se -c-

tha t  w e -c c..- .sc’u. .c,c./s d c _ nc . ~~~. - f : s-~I nc ’ . S.r.~ - c- a O L  Wac-i arc -c Ic-cc-ti

longer c-h..cn-. c-c-ce- cctSo-e -r~ Sc_ . ‘. -~~. rn . c-J~.:. -.c_ dci e-- . to c-n c. sc a c-ck and

reached tr .-.. longer C c_ s - u , :.i4csj d ~~C. .s _ .o Sc-c_ S.nSt c--ct a S O a l L  n’.COc. .

on c-cc -ne cap . St c-s-siC .o_ cs c- , t he c.~.- - ~_c e - t c -r  5/ C _ I S  s Ics~~e-

cap . When h o - -cod re- -s-shed c-tie sc-cr c -c_ cr  t~~c cc- , trs- c - so t ~

be f u l l .  By open ir c_ c_c the cap -s. c-c c-he- f e-n e-c :c-.e-n -. . ,  ~~~ s-so:

could be c~ -s.ck€cd for  t.. - .Je-r c t fill .c _ 5  .c_ e - r  - o d t.c c - s  . -..- - -

- c-n t er va i s  -

5.1 .3  The Stop Fole  Mo’lif :. c a t o c - - c c

Stop Fire suggested a rec-iccemerct f i l l i n g  cap c-s. .c- C C 5 c c -~~~1Ot C

Scchrader valve , a bleed valve , a I.nessure reb el disc c_ .c~._ a cc- :- - u c - nr ,c_ St

to attach to the Salanc 1211 filling c-s-c-e- tFo- cc _ c~re- 21).

Durir.q the fl_long operatoon, the- S c-e C U ’!ac.vc s.c_ cc . cs c-c-. :c_ ar c - o a I i~:

op ened to vent the c-sick as agent e-nc -er cc-  Sc-c -sn fi l i ec  ~~i s h  c-Ice - c -j r c - e - c t

we-oqntc, c-ic e- tank wc,i.I~ cs Sc p r e a a cr~~sc- n woth r.:tre-c.c- e-c c -crc -c - c - . . t~~e- b chr c . ce-n

valve. Wi th this ce:vs.rsics;, rho u:._t must U. :1 -cc .. is-Os- c - c c - .  c-c 1cr_ ic ’

F 
i O c I i r c ; .

5 .c_ .4 c-e-z.’e-ec

Bas ed on tIc s. r c_ c s - ; i t s  of ‘r ,u. cc. I , s-ce-  A c - s e - c l  O.c-,ha tr.-s .c . .sc- : c-Ice-

ic: Plastic nozzles were choae - ’~ t s r  e -X t c . c - s.s-vc c-us-se-s-c_cr. cc_ rh o- c .‘-h~ ae- s- I .

These nozzles are shcs~c. c. t I c _ e- c t i - c ~~ c- c.y crc i- S.’:os. cc: . 2 2 ace- 13~

‘.0

- 5’ ~~~~~~~~~~~~~~~~ ~~~~~~
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5..1 Live -b i r e  c - c c  Ts-n~c _ s e-r su re -  LI-_ ct ‘.e~ tS

5.1.1 1 n s s - -  c . c _ n I  -c-~~~~ - l  ~. c - ~ cc- - c-cc-c- ~~~

Se -r ice -  cc 1.- ic - -u -, s-c -  of I-re te-nc_ s- c-sic _ cc -cc-c t be- Scc n’ . . . s - _ c - c _ c _ ,  c-nc c-i

e-r e- t ccc- s u r f a c e  -w i t t i e ;t  c -u i  r .nc -n g c - S c _c-c a c - O S  c-e-.c-55 , a ~ca/s wcc. cons s - s -_ c -  e-/s ccc s d / s

water on w c - . I s - .  c-c c- : f u e l  c o uld  ic- f_ s - c _ t e a .  : ~ e -e-cO We-.. e - O C - c .-s-. c- sc _~~ c _ -  s-bc

c e- s . c-or  ~ O c- cc _ c - c t cc h :, c o c e -  S O c _ u  CCc_ c-~ e-.. c-c-.. e - r -..e- c- ic-Sc_c - S c - c -  c- c, Se- t c _ c cs-

by c - n .e -addc _ .c-osc 30 c--cc-Oval  cc- watsr IFs- c-c-ore- 2c-~) - Soc - c _ cc _ _ c  a ::.c_s-c- _ rc_ t n~u cc_ r. —

c - , 1- of tu s h - 7 - 4 )  nail to be use... to e-nce re- at se- Ce - c -  C ~~ :cs.ce-c-c. s.s- :,

c-be-- n- e-sult c-c_s- a c - c - c _ e - f  i:c—de- cc- c- s: c- s-r e  c rc_nr c_ e-r s-nan a ce-cc-n f_ l : .  f e - cc - .

w e - c l / s  result f rom a c-c- i l l  on a care- f la t  sur f a c e .  Se -nc -c c .

fis cc-n c_ c_ r e c-c -c_ c -cc-c - - c c_ i f f i c - c c - i t  to exnc -s cc - , c-, cs-ic , c -C c_ Cc -c  c-c- sc-s :e-n s .r c.sc_ e - : cnc- :s

case ’ condic-e-occcc_ . .

Three r a c _ lj c c c c _ e t o r s  ( SI c  e-c -e -  2 4 )  - a e - c _  - - pc-se . .bor  e-s, c- r e -s-cu -

p.. :.:q- cr 5 c-cc measure c-he ca/se-ac_ ct e- : . e r c y  c- Sc-c U C : c_~~ 3-/ c - I c e -  _ -e- . c-cc - .~~~~~~

test , the rae -c-Cc -dec -c-nc occ_eratcsc siqc-calc-.cc tce c-c-ic c- -..e-n’.-s-nc .Sc- Sc_ c - cLS  ~,.e- - - -

OT~~~~ 
1x::1..i c- e-:tc-:

d
:t: 

~~~~~~~ e-~~~ T -

ole-  cc_co c/sc-t fr e s h  c - c - e T c  could dcc c-,.~~d for  c-Ic e -nccxt t - c _ . -cc

c- nc cxic ir.çuisc_cc-r being c-e -c - -t c - d  ~~~ nI- , ce-c-  Cc-i . ~- - C  c- ,~~~.. c_

ic-e-c_ c --nt -. of 5 c c - s - c r c  1 2 c -  dis.clc-.urçc--c we-.s ce-core-cc c-cc- _ c ’  five- sc-c e- u . - 5c-c~~ -
t e s t  , i.ic ccc n cc _ -s- Se -s -

D u r i r n e  -- c c _ -nh  - c u t ,  c-bc : f c c - r e -  f e - - ; h : c r  e-pj 0(c__~~ C

.pw c)- l ‘. t r - - ’c t - - I  , ; c _ / s ’a .c n ,  not ~.c.. c c c c c t r.c Sc _ c_ - . - .- - c_ . c- . c r - c_~~~~ -

: de - - -  r , r sn .  c - c -  ,,/s~~ j 5 j - 5 n - c _ , c - : c _ e- f i r e  f . .~~;c-: - r ~c _ e - c -  ne-c- _ .c- c . .  c s — - -

4 
: c c- r . 7 st ~ ‘ce--re r e - c -  (cr, c-.-S c, C I:c- c- s-s.c -n - won-s  q - ; o t c c _  t c _ N c  : - . -  . .

‘I-c
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. 5C c - - i I t i W - : . c - -~ - 1 -t . - - s- , c c - s . c ,  c - c - c c - :  c_ i S, ,  Ic-c- c c c O r . c _  C c c - I  c .  -

arc c_ c c ’ S. 5- .,:. . c- sc - c_ c . ~~c - .  -

s - s - c - c -  - . a s c - n . t  s. c - c _ c - .

c c . . . l  c _ c -c- . i ’ s - re --c c ’ i- -s-.-±c- . e-S - c - c .  - . 0 c c S i . . ; O r c 5.

Tc - ,.- -c - 5 . S V r e c - c_ r c _ s- -c- - . - . ..  1~ -5c- c_ . ,[ .Se- c-O acr - .- . c-. c_ - . e -

c-- c _ c - s r . c - u -  c__ -s- - 5, ’-O r ccc d c — 4  .Tc_~~c_ . c - ,  .... c _ . c _ _ -  - .5  - - - - c _ c  - ‘ c e -

c - c _ I . t  c r -  . c -~~�.c-c ..r c-c ... . I c _ _~~I jc_ e - c - s -r c -  . .  1_ ~~e-.-c_ ic-c- 5 d . . c O e - .  c . ~~~~~~~

c _ c c , 5 n. - i ._. c  c - c _ 1’ .~ Ls - c -C c -  to c-ice -c- Sc c c-n 5 0 0 c c ccc- - _ .  -.c_ c- ..-c cn o _ .r Lc_ .. -,.c -c i n.. c _ c _ c _ , . . -:€r

.L’c_ - n c - c _ c : _ C s i h , Sc _ c - I - s - c -  1211 c-sr.s Cs w ’usC b o s c e - c _ c n c --- . .. ~r .~e-e-’.- c-.~ - ~~~~~ -

c-sc.~c _ . . _’-e -e -s cCc :c ,c-c_ c7 e-..n~~i - ; c c - cccc - c_ s .  A c - _ i s  05 S- / S e  -s- . rc. _ .ccc -r- .r .  c-c_c c-u

.-.s- . , n _ eo( .. o c s e -n c oJ c_ - ;c c - u c-55 7!a c e- .  c-hc-: n c c : . : s - - c - d . c - - c -C L, :. - . s c - c ., . -n - _ t ..c .

fs-~.n-c_ cr c-s cl _ c-c-ct_ c-c - Uct c--c. , n .ct rc_1IC.W5.. ccn s-c. c_c- .c- c-c c-, c-, n-. . 5  s-dc_ i t ,  - -

r c - ic c . i c - c _

- i A..  c - ’2~~ -5c e- 5 T, Cc_ ’. - - - ‘Ps-sc-in ~~ c c-]  1d 1c c _ , c -  - r - , s - - / s . s s .: f~~: -

-
- ~ ve - ’ ;c_ sr s  2 — .;  - n y - _ r e - f t . : . cbe -/ s , r.s. c-- c-. c- - .

- .c-c-te - J e-n~ _ ‘c_, c ’.L . : c -€ :  ~c_ i~~ c - c - n .s c-h s~~ s e - e - c _ u . .  - c _ I  t c_ e- _ . c _  c _ ,  - - -

. l in , c urn :. c - c e - n c - -  - e-r c - l c v e-’s-c p..~~..c-- cr; _ .  e- ;.c_, c -

11e-w cc gs-e-vity up c-cc’. -nc_ c--st-c of c-.e--c’e-nc - a l I - . .nc_  sc- s c-cc-cs-c-. 5cc_c - .

: .c s - t t , t~ wu. , s..7 n r c - c - c-c- , _c-e-3 :t~ s-c.c-~ s - I c - c  .. .  .. —

c - i c  c e -  .s- cc ’ rd I - c-,s-c_-c: t I e -  .c-n5 :.e- . ~,c - s-r

. ic - - .I c- c_. _ : ,, c-_ , S c  t i c -,. • 
-

— 5’ “c.-

t.~~ s ~r c- u c _ s . ,  c-~. s c , - c .  Sc -  5 .  . _.s-c, . 

- c c ; s . s . t  ~ n t c - ’ c n s F.!c_ , ci Sc. t.l uc- a s t  c _ c . ,:’ 5~s-~ ~e -c _ _ cc_ ~ - S t

5-  n .  c. r. - s r , ‘-1 - - . c _ .  ‘ c -  ‘ . - -

5 - - c . - p- c .  c _ c r -  o. c _ . ~~~~~~ 5 c _  
-
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D c-cs- n~ c- c- ce - se -  t c -~ - tu . , the s-s rcc - c- . . e-e- c ~~~~ ~‘n-~ (‘s e-  -c-tee- to c-c - e-ct

e - c - J C i c Z  e - c c o o  n-cs- - - u n o  c-f c.he -c-.c- .c_ e - 0 n~ i - c O  s c - c c -  c- sr c_ 5c -.c_ ic c - i ,cc-s-. c-n- . - . c- _c_ iC

Ac- c-ce-r .crxc-incj ...c- c_ .nc- -c - c t  c_ cf  c - c o  is-cl . cc rc _ e -  c_ c - s  c_- c - once- -i 5c_ s c- c - c -  c c _ C c-st c - c - cc-S-n e-c _ ce - r...r .—

ning zu.u l and -~rourcd fire. A 30 or CC se - - c c _ c _ c c _ S . r c - i c _-s- s Wc-c.; c - s - I c _ c _we--c. sec-crc--

c - c - c _ c a-~~er c t was -Sischar-c - c r . n .

5 .2 .4  e-~ c _ c - l :  Fires sbc-ncr ct ’s )  c- cc-. cc- c- - s . c - c -  - C . 

The test  apparatus  dc- c-sc -r n -Ice - c  n - C c  ~.~~~‘e-c - r u~~~ 4 . c .n we - c _ s  c- c e - I s - c - c c _ / s  f o r

thec-e tests (Figure- 2 15 ) - A report by the us s.ccT.7 4 uI cc _ we - the-c- 7.i~t c-In :‘uc-s

c-p c - c- i s; within the Air Force are four gallons or less. arc additc..cscal 2~c_ ’n

are 5—42 gahlorc_s with 4t above 42 gallons . Since the c u — s - c ,  - cx t f r c - c c-c z ni Ic_ - :n-

is a first aid appliance, it should be at least capable of extingcn-ishe-nq a

high percentage of fuel spill fires likely to occur on the f l i g h t  le- I’ne- . c - c

should be remembered these units will be voluntarily operated by non—fire

f ighters  and without the benefit of protective clothing .

The fire fighter was restricted to approaching from an upwind

position arid not allowed to walk into the fuel. Fires were allowed a pc--s-

bc-cc-. of i5 seconds , since results of Phase- I e-ndcc-catcd a full c o nfi a~~zce- te-ori

would last or . iy  about 60 seconds for  fir e s  of this type. Fe -c-I sacs C_ - Owed -

to c- Crc - c - - fluw fur two minutes before - i c n i ti c.c r .  Fires wer e  r c_ oc - cor c_c; c -c_ c ;i .e -e -

when wind gus ts  exceeilscc S

tTovicc e- Troulc; Pro ad j r - c rc- s-c- - Cc-cc -cI t c - c ~~
-.

At the conclusion of 1cc-v c-c- ic c - r e  t c -c-t s  cc: arc - s x z c- c r i - ~ c.c ed . n ;c c -c - ,c  - . .

flight line personnel (crew chiefs ~nC r nec r . un ic s )  ware can/soc-s-v ce-Icc c e - c - I  to

fur ther  evaluate  the chosen ext ingu i s icc_ s r - c . o c - f o n u n c c t : c c n n n - - c. Th se o ;csse -c ’..- ; ja l s

had little or no fire fighting exp-c-crs.ence - Sic-cc-u c-c--c icf _ cc n  ex:. n- r . ’c c c l s n ’s o s .

II

- t  
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e - . -l i c c _ - c -  r ; , fc- c~ c-c e-t c _ c - c c - c --. ; c, - ,c - n rs . c c c , : .  D c , ,  c _ c  ( Lc_s - c .c , , ‘1. - n c - - i  ~~ L~~~s c _ c n t c -. C~ ic s ,  s - - S e--
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Sc- t ic-c-s-c-Cc -s.

5. ?s-Oc - -cc-c_ 1s c- c-c-c l f -c-c- c c-c-_Sc-c - c -  Sc - cs - c-_ i C_ Sic -— SC n- I-c- c- 
c_c - c - c -  c-c-c -_ i .  stuc-. c - c  --c-S cc- c-c_ t~

dc-cc-s c-nd n - f t c -n  c-_ So - c - - n - a, n-Cc-c-c nc - c _ cc -~~ _ i c -  n - c -  s n - cc-. c - _ i _ t n- c- .c-, c - _ c - c - n - c c --c-
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~o_nts , n-n -~ ketc-, eta , wsccc - s- Soc -cc_ i c o n - Sc - c  -ceo_ic- c - c -n - c - Ic -- c - c -  c-c- c- Sn -

to a r c - ’ c -nc - c - c - cc _ ur c -. Th c- a is especlc-c-iI_Sc_y true c - c - 1f l C c -.c- n - c - c - c _ c - c - c - c _ c- c _ c - c l -c-s c_ c - c - c --
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ic- c-i cc- c - c - c - c -c -_ St a t i c s - c_ S c-c-c-c_c- c-c- c-c-fc- s-_ iW. c - - c c -c-_ c-cc-x c- .c_ c- af f  c--sc- c-s_ i c - cs - c c - c-c- cc c-c-c o c-c-c- s- c- -n- c-

c- 
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~

bc-. c - - c c rc - c -.c - n -  c - c - c - - i  c-cc-c-c- n - c - c c -  n - c - c - cc- c-c- r c - c -c-c-. l _ Sc -rc _ c- c -c_c -S c-c C c_c-s Ic-c-c- . ; . c _ . c -  cc-. _cc - c -~~ c- c_ cc- c-c t

ef f e c t i v e .  A c-_ S u r c - c_ S-c-c- c_ ic -c -csc -c_i_c1c -c- -c-n- c-o_ c. icc tic-c-c-t c - c -. ax ; n - c - c -  ‘ c- c-c- c- c -_ ir s

c-c_ c- c- c-c-- intended to_c c-c-c- c-c- .c - c _ tn -_ i c -c - c_c- c-’ t l .c-c - c - :.t Sc- c - c - _ i  c - c - c c - c -  - . r c _ c - -. c - c - n -  cs- c-s- -c-t

c- . X t c _ c-rc - c - c c- Vc-c- t r a i n ing Oc- pc - - - c - n - c --ic- c- c -c -c - c - t n -n -  cc- _s . C_ i c - _S c- c _ _ S i _ c -c_ c c - c - c - I - _ i _ i c -

c- c - I c c - s - c - c - c c -c_c-r _i c- c - c _ c - s i c - c -_ i c_ c - C  to c - cc - c - n - c --_ i l  c-c-c - s  c - c _ c -.c -c -_ _ L c c - c - A c - c - c - c - .  c-~c-~- c - c - .c-c c-c-rc- n- n - c - c - c-- c-c-

f- c-c-c- -s -- c-_ i in - c __ i c_ c - n - n - c -c- c-c -pc -c -c- c-n-c-nc r-c_ f c -c -c -c- c c-c- ic- c- c-c- n-- c_c- s-c -c- _ t c - c _  _ S . c -  .c-..c- c-~ c -c - c - c - c -c - S

ic - _ S c -n-_ i f cc-c-c-c- c_ c -. ar c-_ ic - - c-S. c - c - c - .

3. On ser -c . c - c - c - n - h Sc  c_ c - �nt c - r s - c - c - c - i cc _- c -c- c - c_ c - c - c - sc - - c - c - c - c -  c-.cc- c- n- c- c - c - - c - S n -  _ c - c - t

c-c - - c - _ i c - e t c _ c -  c_ c - _ sn st r c -cc- s- c-. -c - c - cc -I c- - I _i c - c - c - c - : . .  c-c- cs-_ is c-5c- _i _sc-~~c-~ ,c -_ ic - c - c - a c- c- . c - l n - c - c -c-
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