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This rspart deals m.th the adequo.cy of fire fighting
fo.cilities at civil o.irfields. A survey hc.s been mode of.­
civil o.ircraft fires during the yeors 1948 ~ 51 and it is
concluded tho.t in the absence of further experience it
would be unwise to decrOllS~ the present cover 0.8 there is
no evidence thnt this at present gives reo.sono.ble chance
of sav.ing lif'q, It is further suggested tho.t 0. regulnr
international system of reporting o.ircro.ft cro.sh fires be
considered' "~'I . ',' ". . ,•. .~ r '. '. . . "
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FIRE PRarECTJ;ON OF AIRFIBL11l
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by

P. II. THOMAS

Introduction

The Joint Fire Research Organization Was requested by the Director of
Navi&",tional Services (Aerodromes), Ministry of Civil Aviation to canmant on
the extimt to which modifications of existing standards of airfield fire
protection were :rermissible in the light of records of past fire incidents,
and e,f the results of field experiments. Because of the many variables involved,
and of the relatively snnll number of incidents the data available cannot be
treated by ordinary statistical methods, and caution is necessary in reaching
genel:9.1 conclusions. Even so, a few strong indications haw been revealed by
a ca.refu'l, study of too !'C]lOrts.

There was agreement in preliminary discussion toot the primary aim in
fire fighting is to save life. The aims of sol vage, and the interests of publio
morale,are important but distinctly secondary in consideration. In the
'following review therefore, the sole standard of jUdgement is the effectiveness
in saving hura n life, and the fOllowing questions are asked:-

(i) Are the present fire-fighting arrangements saving human life
in aircraft fires? '

. (ii) •
How Would a change in too amount or type of current fire

protection affect the probability of rescue?

F.ire rover has been considered primarily in terms of the rature of the
~dia' to be used, and the quantitie~ and rates of delivery; these faetors govern
to a large extent the minimun number of fire fighting personnel reqUired, and
no mention is rode of the numbers necessary for s:recial rescue duties. More­
over, no attention has been given to the question whether a small number of
movements should al ter the, scale of cover provided. A low number of movements
does not affect the risk at anyone fire but only the risk over a :reriod of
time.' '

Nature of media

The Air Ministry Aircraft Crash Fire Technical Panel carried out a series
of tests in 19M!45 to compare fire extinguishing media ~ 1) • At the time
there was considerable urgency, and although all PJssible care was taken to
achieve standard corilil;ions in the tests, this was not altogether practicable
since the tests had to be carried out on a large scale, in the open. under
variable weather conditions, and with such appliances as were available,
irrespective of \1hether or not trey were the rest for the purpose. Briefly,
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the test appe.re.tus oonsisted of a mock-up representing part of a fuselage
and wing structure, with six tanks of petrol each leaking at the ~te of
3 gal per minute. At the start of the experiment a ground fire,involving
40 gal of petrol Was spread over 500 to 600 square feet. A dUlllJlt\" boiJiy was
ploced in the fuselage and the moment at Ylhich reccue Was effected was noted;
for various reasons the compare.Hve rescue t:iJr.es in different experdmon'ts ore
now considered to rave litUe meaning. It was possible to extinguish the
experimental fire in loss than 6 minutes using foam from 1000 to 1200 gallons
of water and 400 Ib carbon dioxide. In one expermcnt the fire was extinguished
by a large quantity of carbon dioxide alone in about 3 mi.nutea], 100 gallons
of Water were used for foam in this experiment, but tIns Was stated to be of
such poor quality that" "it Ti1"y be rec sonab'Iy neg'Lecte d'", Within their l:imita­
tions the experi.ments appear to indicate conclusively the superiority of a
combination of foam and carbon dioxide over any other agents or combinations
of 3.£ents. The Panel concluded tint the "most useful attack. on aircraft fires
is by means of foam applied rapidly in large qLllntities, the foam being supported
by carbon dioxide".

As a result of the preliminary expcrimental work an expcril!lental crash
tender carrying foam and carbon dioxide was developed. At a. test carried out
in Kenley in 1946,a fire in a Hudson aircraft in which petrol was leaking from
four inner tanks at 0. rate of 32 gallons per minute Ylas attacked with this
tender, and a carbon dioxide tender sllJ?ported by two uater tenders. Five
hundred and fifty ~allons. of Water and 1000 Ib of carbon dioxide were usod;
the wing fires were extinGUished in 75 and 115 seconds respectively and the
whole fire practically extinguished in 4 minutes. It was sta ted that control
Was sufficient for rescue to have been possible after 35 seconds of fire­
fiehting.

The recommendatdone of the National Fire Protection Association (U. s.i.)
(N.F.P.A.) (2) countenance too use of water sprays as an alternative to feam,
they recognise that two media should be used, the second being carbon dioxide.
It is stated that "the selection of carbon dioxide and foam (with option of
fog foam or water spray) is recomrended as the mos'!; ~ffective means currently
avaliahle for aircraft rescue and fire fighting." ~2) .

In the United'Kingdom the fact that water spray does not prevent reignition
of spilled petrol is considered to be an insuperable objection to its use as
an alternative to foam. The recar.unendations of ·the Committee on Fire-fighti0r
Safety and Rescue OrGanizations for Civil Aerodromes (''The Sandro Canmittee"
in 1946 and those of the International Civil Aviation Organization (I.C.A.o3 !~
in 1948, are based on the combined use of foam and carbon dioxide. The expe­
rience of the Joint Fire Research Organization With fire-fighting media stronely
sllll!3ests toot '3ithin the limits of present e:lC'2erienoe these recommendaticn
are sound.

Sc'ales of cover

. Several scales of fire cover have been s!J(rJ':3s+'ed for airt'ields; the
principll ones , w-.:th \;'hic:h this repo)~';; is couoernaa., are sl1llllmrized diagreJ!lllla.­
tically in !:"igU:t:>8 ~ e liirfj(jlc!s c ro Cl'c":lc.l ::'!.1'~0 c~..'1.sses, ana rocommended sca1es
of cover are l:oseJ. on the size of '~hD lar£\~:.'3·c. a::.1.1:}raf·J; using the airfield.
C' _A_ly <.1.. ffioot ~.,~",,:..,:.a.~';: cor:··"l~, ..>'~.·;~·,,·"" .:.,.~ <.:,,~, capacdty of the ft~roraft
~. ,..,Iu:J .I..I~l.l:"'·"'" -," ;'1 ,.,;J f".-. .1.._ V."'_ - j,- gooAo

and as, in g6r1F.ral~ iih=-'<l wi11 bo related .};() ';:';l~e size) i.lli is not of great
importance wr.6t\:ur '~re all-I."]? "e:1:ght. '~lle hr.ding Ylo:iEhi;~ or fuel capacity,
is chosen as the criterion except in ai:cornft of marginal sizes; in Figure 1
the fuel capacity at landing is plotted against nll-up weight of aircmft for
42 civil planes using British airfields. Thl3 amounts of ve.ter recommended.
by three scales are shown for the various ranges of aircraft size. Amounts
of foam compound recommended are approximately 1/lOt h of the water figures by
volume. This would produce a volune of foam about 8-10 t:ir.les the water VO~\IIIl8..

,
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The actual arrourrba of foam and carbon dioxide recor.mlende~ py the 'SANIlRO'
Comlnit'~ee are based on 1he results of the Air Ministry tosts, ~ 1). The
mo(l.ificatiC'ns sup':gested by the Fire Servi.cen Working Party of the'Ministry of
Civil 11 viation (FsS.W.P.) are only slight excepf in oortain morginal sizes.
TheM "tn'"iJ ~J'~trl cl:1v dIJ.a'rlnS a 6 in" depth of foam for the area enclosed by
t113 overnll dimensions of the aiX'cro.f~;n

The 'SANDRO' scale recomracnds ':;hc provision of carbon dioxide at too rate
of approximately 1/10'~h t\1..at o:f +.ne wo.ter 2.Upp],y by 'weight (see Tabla 1) .

SUGGESTED PROVISION OF EJcr'INGUISHING MEDIA (SANIJRO)

Class of Wa-4;;er Carbon dioxide Raticf
a i!'fiel (I. cal lb carbon dioxide/water

1 20,000 2,400 0.12
2 ,J 13,COO 1,200 0.09
3 6,500 1,200 0.18
4 3/4000( say 3500) 360 0.10

(approx.)

Both the 'SANDRa' and the F.S.W~P. scales are substantially below
the recommendations of the N.F eP.,A. l=articuJn rly for airfields accar:n:aodating
the Iarges t aircraf'to The N.F.P.,A. requirement for aircraft of 90,000 lb
all-UJ.) weight is 4~500 gallons of water and 2,000 lb of carbon dioxide. It
is also required thot/ these shall be discharr:;ed in 2t minutes, a distinctly
hieh.er rate thnn that envisaged in (\ny other sce-le.

For aircraft above 50,000 lb weight the National Fire Protection
Assaci£..tion scales rermi t carbon dioxide to be use d u s an e.l ternative
to some of, too water, and it arl}?6D.rs .Idnt 1 gal (10 Ib) of 'l.'¥ater is regarded
as equivalent to 2 lb of carbon dioxide.

In December 1951 the Ministry of Civil _~viation made ,alterations in the
requirements for snall airfieldso These are also shown in Fig. 1. They have
not been in operation dUt'ing the pe rdod for which the accitlent re];X>rts have
been studied. l\l;art from trese alterction3 it appear-s fran Fig. 1., tho.t
too cover in tenns of fuel provided for smaller airfields is proportionately
h:i.eher than that provided for the 1D.rgest. airf'ielCse For instance, in Class III
airfields the minimum ra tio of foam to all-up Vleight (based on the Marathon)
is 0033 gallons per lb w'hilst for Class I airfields (based on the Stratocruiser)
it iB O~i9 callons per lb. For the Comet II the figure is even lower (0016
ga'l.Lonn pe~ l~j) but i.n this case the fuel is kerosine which burns at a samewh:tt
lower ra+.e than pe"!;r.o:\'. On the basis of fuel carncity at landing too figures
are 21 g31!.o~lS of foam per eallon of r:etrol for the Marathon and 7 for the
Stra tocruiS3~lt Thus tr.ere is a divercence between figures based on area and
figures based on fuel capacity.

In so far as the problem is th.:!t of ~tinglrl.shingan expanse of burning
petrol too D~lowance of foam on the basis of a clepth of 6 in. wol.l1d Dpl,:ear to
be ree sonabf,e , Experiments with petro:t burning in trays of var.ious sizes,
however, intlicate that the minimum rate of 'o,p,plication of foam ,to cake extinc­
tion possIb'Le is of the order of i!gaJ./sq.ft/min; above this figure too rate
of extinction increases with the increase in rate of applicntion of foam.

The recommenda.tions of the tS/lNDIDt Committee are equivalent to an appli..
cation rate of ieaJ.lsq.ft/min over an area which may be aas uned to be the
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most severe fire likely to be encountered. It 'Iill, be seen, therefore,
tMt for laree orash fires, this rate is probably of a low order when rescue
is at stake.

Reports of incidents

11 Ilt udy has been node of the reports of fi.~ j,noj,dents in the United
Kingdom durine the years 1948/511' since the rc,por't procedure Was not workin(l
fully in 1948 the overall figl1res are not CXJmpla'~eo The dnta in these
reports are broadly c1..'\.ssified in Table Jr.

Table II

CL\SSIF.I:CATION OF j,IRCRAFr CR/lSR FIRES 1948/51

Cause 1948 194-9 1950 1951 T;>tal

,Major fires 5 5 7 5 22
HEneine 2 12 11 17 ·42
HSpilla.c;e othel' 0 1 2 5 8

leakages
HElectrlcal 1 5 7 7 20

Brakes etc. 0 1 3 1 5'
HBul'st ty,res 2 0 0 0 2
HVempires undercarriage 0 0 1 1 2

collapse 'on take-off
HMiscellaneous , 1 0 2 2 5

Total 11 24- 33 38 106

H(T here were no fatalities in these incidents; all occupants escaped
or were aided to escape through the nonnal exits)

The term "major fire", as used in this report is oofined as one where
foam Was used other than from hand extineuishers. It descrdbes about
1 in 5 of the fire inoidents attended by the M.C.A. appliances.

The incidents sunmarized in Table II can be ocnveniently oonsidered
in two groups; firstly those sLmullD.rized in Table III in which the orash
Was off the airfield or where a disintegmting explosion occurred, and
secondly, those sllJJlJll:l.rized in Table IV in whioh the position and nature
of the crash did not in themselves prelUde successful resoue ,

Amounts of foam used

The total quantity of foam compound reported to have been used in the
inoidents listed in Table II was about 1,200 (lals, of whioh 450 ;;als were
used in ore incident and 180 gals in another. In 3 incidents foam Was used
to oover spilled petrol where there was no fire, 318 gals of compound being
used at one of these.

AlllQy n t" of rorbon dioxide used

The tCital amount of carbon dioxide reported to have been used in the
incidents sunlnarized in Table II Was 17160 lb of which 7,800 lb Vlere used
in ore incident ll1'rl ~240'lb in another. 840 lb of cia.rbon dioxide was the
lareest amount used alone. This was for extinguishing an engine fire in
a Stratooruiser at london Airport in 1951. .

"

t
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TABLE III

MAJOR CRASH FIRES OFF AIRb'!ELD OR D< WHICH A DISImIDRATD<G EXPLOSION OCCURRED, 1948/51

, ,

Pla".-:e Class Field Year Circumstances Occupants

Costellation 1 Prestwick 1948 8 miles :f'rom airfield 40 killed inc, 6 rescued who
died witmn 24 hours

Mosquito 4 Weston-super-Mare 1948 Blew up on impact - wreckn.ge over 2 tilled
wide area.

York 1 ~ Northolt 1948 Collision in mid-air ~ 7 killed

Cloudmaster 1 ) Ncrtholt - 1948 3-4 miles from airfield 32 tilled

DH 108 4 Blackbushe 1950 3 miles from airfield 1 killed
,

Dakota
,

2 Northolt 1950 12 miles from airfield 27 tilled 1 thr-orm clear or
made own escape

Halifax
,

IJovingdon 1951 Explosion and vzreckage over large 4 tilled,
area

Jet 4 S'~&nsted 1951 Disintegrated in mid-air 1 killed

Firefly Il- " Pact Ellen 1951 15 miles from airfield 2 Kille'].

Avro jet 4 Blackbushe 1949 Plunged from 1500 feet 11 miles 1 J.c:.lled
frem airfield

Cierva Air l;. s::>u-chan:pto" 1050 2 miles from airfield 3 k.i,:le:l
Horse

...- _______r.~·______4~

I

\J1

I
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TABLE IV

MAJOR FIRES ATTENIlE:D BY M.C.A. APPLIANCES 1948/51 ON AmFIELI:G

Aircraft class Airfield Year Initial attendance of
CO2foam and CO2 tender Escapes I:Lnd rescues

Dakota 2 London 1948 1 foam tender 1 CO2 130 gals. 960 20 ki.lled (1 G impact) 2 self'
- (delays due to fog) eff~eted escapes or thr-orID

clear. (Q:·ig:'.nally 3 but one
died)

GrunmDn ¥allerd 1>."9. 3 London 1949 3 foam tenders 2 CO2 450 gals 7,800 1 self effected escape

I
6difd (5 ir2:?...htion of 1'umes)-
c.ni 1 M8!!l.>'")j:Th2.ge

Fire1'ly I 4 Prestm.ck 1949 1 foam tender 13 gals - 2 self effected e~capes

-
Rapide 4 Prestwick 1949 2 f'oam tenders 1 CO2 55 gals 240 No one a1;Q.,,;>:-1 - engane

starting 1.\;;> I

0'.
Spitfire 4 Renfrew 1949 2 foam tenders 20 gals - 1 rescueel <xc c scoped, means I

unstated

Viking 2 London 1950 Initial attendance 180 gals 3,240 29 ki.lle<l - 1 r..ot due to
in fog unstated impact. 2 s~l~ effected

escapes OT trn-cwn clear

Firefly 4 Bovingdon 1950 1 foam tender 1 CO2 35 gals 960 2 rescued l"i per-sons
other thr.".-:. ¥..•r;. A, Brignde
(Fire delF~;- or 1 nrin)

Hermes 1 fum 1950 2 foam tender 45 gals 720 8 self effec'ced escapes
-

Rapide 4 ~ 1950 2 foam tenders 44 gals 1,800 1 self effected escape
,

Tud= 1 Bovingdon 1951 2 foam tenders 2 CO2 7 self effected escapes

Auster 4 Birmingham 1951 1 foam tender 10 gals - 2 killed - bodd.ea removed in-
5 mine. Death due to shock
after burns and injuries.

--

", •

'C. , .
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Casualt:!:~~ esca]:es and rescues

There wc.~ 177 fatalities in fire incidents, all major fires, which
involved 15 aircraft. 34 poopl.e (seven of whom subsequently died) escaped
without exberrn.L aid or were thrown clear in aircrnft crashes, but there
were no instances of living per-sona being rescued from too inside of aircraft

. while a major fire Vias in procress. At least two bodies were removed during
the course of ~. fire.

Of the 177 fatalities, 117 occurred in crashes away fran airfields, or
in 6Xj)losions. and as far as can be ascertained 48 of the remaining 60 can
be assumed to hove died from imract injuries. Full informsticn of the 117
fatalities has not been obtained, but the sisnificance of too cbservation
is that possibly 12 out of a tot'll of 177 deaths, or out of a :r:artial total
of 60 Which occurred on airfields, rnieht have been prevented had it been possible
to bring the fire sufficiently under control for rapid rescue operations to
have been at tempted.

The 12 deaths .through fire occurred in 4 aircraft:

5 in the Grumman Mallard Amphibian
4 in the Dakota (Sabina)
2 in the Auster
1 in the Vild.ng.

.J

The Vild.ng had a total of 29 occupanna, 28 being killed by impact.

Although two bodies were removed durine ·the fire in the Grllllirl9.n Mallard
times are not stoted, so that conclusions cannot be drawn regarding delay•
With the Dakota and also the Vild.ng, fire fighting was impeded by fog. and
the rates of delivery of both foam and carbon dioxide were below standard in
the initial important stages.

With the Auster the fire appea.z-ed to have presented little inherent
difficulty, but it was difficult to extricate too bodies from the cockpit
and tooy were not recovered for 5 minutes; the deaths were reported as due
to shock as the result of burns and injuries.

Fro'" Table II it may be seen that 4 out of 5 fires did not require more
foam than that delivered by a hand extinguisher, the majority indeed required
only small qU'J.ntities of carbon dioxide or carbon tetrachloride. For an
engine fire in a Stratocruiser, however, over 800 Ib of carbon dioxide was
used.

These fire'" are not necessarily of minor importance. Some if not all
would have become major fires if left unattended. An instance of this is
that of the EapiC'e (Prestwick) (see Table N) wbere an engine was started with
no one s',anding by with an extinguisher. A small fire then rapidly became
a lorr:e on:"'>o ·When t\t<: j.,litial fire is in the electrical equipment, the
brakes. or say, in a orrell spilloge of petrOl neor combustible solids, the
fire may develop slaw:;,y for a while. Once a certain staF~e is reached, however,
the VE:~.OG:1.ty of Sl1l.-ead nny i tseU inorease rupidly until a large fire Ins
deve'Loped., The in1ti::l1 stage s of s uoh a fire may, therefore. last long enough
for escape or reSCL'9 to be lU",sible. E:c:amples of this type of fire are too
Tudor and Hermes in Table LV where 7 and 8 persons re spectively escaped unaided;
and th", FireflY from wha.ch 2 persons were aided to escape, the fire follewing
the crash after an interval of 1 minutes.

If, however, a crash causes the severe fructure of petrol lines, or a
tank bursts a large fire may be produced at once, and the aircrnft may burst
into flames immediately upon irn:r:act. Such conditions give little opportunity
for unaided escape. Fires in the GrUl1lJllO.n Mallard, Viking and Dakota (Sabina)
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appear to have been of this type. Th.e .very fo roes which break lip the .};etrol
lines le ad to fatalities due to imp:.ct so that, in general, craehes 'il~~

hi"h :iJnpact fat?-li ties are associated wi th fires due to burst tanks ~5H oJ.
Thus, 28 out of"29 died of dmpact injuries in the V:U:ing and 16 out of 20
in the Dakota. On the otoor hand in the GrlL'!U:le,n Mallard craah which occurred
at take-off, only 1 .death appears to have been due to m~"act injuries and 5
to fire. There i,s a.potrnr consideration in distinguishing between fires of
slow and rapid develorn:nto Where too initir.1 stare's of W(;rl;h of fire are
suoh that less than 1"2 minutes p.re a·;e.ilable for ull2.:i.Cled escape , tben with
a snall aircraft this may be sufficient for all occuparrts to disembark Ilafely.
If the aircroft is a lar@', one. however, toore may be too many occupants for
eVllcuation within thi!j brief time. It is noteworthy that of the. 9 fires
that oocurred in' Class I and .Cluss III airoraft, 2 were under oonditions that
Were not unfavourable to fire fiehting and in toose instances too slow initial
developnen t of fire lJEll:'lllitted escape of the occuparrts,

It will also be remembered that the same meteorological conditions '7hioh
cause a crash may hamper fire fightinG. ThUS the Viking and the Dakota
orashed in thick foe which prevented. early mobilisation and attendance of
adequate fire fiSht ine equipnent•.

Control and extinotion

It is notoriously difficult to interpret figures of the amounts of
extinguishinr; media used to control fire's, and to draw conolusions from a
small number of VEtryine incidents such as ,thOse listed in Table IV. Most
of the incidents .involved Cluss IVaircraft. Two of these, the Auster and
the Firefly, were attended by a single foam tender and the amounts of foam
compound used were 10 gallons and 13 gallons resp3ctively. The potential
rate of delivery was t11..1.t appropriete to the class of aircraft but although
the fire was controlled ral1idly, rescue Was not achieved at the Auster
incident•

.lIt the other fires in Class IV aircraft the attendance used was higher
tlDn that envd.saged on airfields catering only for such aircroft and the fires
were controlled Without undue diffioul ty.

With the larger aircraft the fire deveLoped ccmpsra tively slowly and
in the case of the Hermes in which too fire was basically an engine fire,
control and extinction were achieved with an attendance,less than appropriate
for the cJ.ass of aircraft.

With the TUdor, on the other hand, attenaDnce was sub-standard and there
was a shorta(lO of water.

The Grumman Mallard deserves attention since it appears to have been the
incident in which live rescue cane nearest to achievement. Briefly, a small
airoraft crashed after take-off. AHhollF,h it corried a quentityof paint
this woul.d not have been sufficient to bd.11f', the effective combustible load .
lip to that of say, a C1lucs II aj,rcraft; .~1:'..3 ox"l;n b~.rd lay in the fact
that t his materia 1 ·..;e.s in the fuselage. i.v: eXT)10r~5.')r. Via s rea rd at the crash
and a large number of aJ7l?liillx'es were rapicJ.1y mobil:,:.~<'.i:i; these being 3 foam
ten,ders and the Cal'dox trt.:c>-:. Two bodies were r-ccove.red at an early stage
in'the fire but it Was evid("ntly tooJate, Of the 6 fatalities 5 were due
to the inhalation of too pro&ll<.ts of combustion, tbe impact foroes being
raJatively 115ht.· The cmourrcs of foam and carbon dioxide used were more
than twice tha t employed at any otoor fire rep:>rted.

Discussion

From 1he foregoinf, it is clear that the problem of aircraft crash fires
is extremel-Y complicated; incidents range in size from minor occurrences to
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aisll.sters: bub because of the highly inflOllllIable nature of the fuel involved,
tho s:C3n.',~i; :'~.re ru:.y be a r-otential disaster. Incidents vary, not only in
sizA be:!; L~ '0:,.", :c.o.!!'; t:;_·,;;~ inlID.t"t8r.ce of the damage caused by impactf the rnte
at \':~'l:i.'':'~l 1i~,.s r.Y..re f),ev~.1.('~.j.1 anI} !\C3'J.(~D the ro~sihil::.ty of escape or rescue;

'the v8r'yi~2~ "'~.:;,.rheslx·1J~:B':,:(j ar;(~lc,f:nt O-nG. n1:'1.,l:tlls the time taken ·to assemble
the. cr'2:N 8.!.1d f~)!.' ['.l:;-l)l:"C1~I:;.J'] -t;r.: ~'('·cc:h th3 :3(}!~lj,~; H:.'?'tBcrolor.;ical conaitions,
dense fop;, snoVl or rj.c·(J, \lind wh.i.oh booth C()":j"~:::';.:bi..:'~(-; to the crash and h..."Ul11~r

fire fj."h·~:i.ng; the resign of the aircraft; and finally the number and type'
of applianctlso

Examinins the reoords first of all from the r-oint of view of rescue, the
outstanding figures for the period under review are:

34 r..eople e scaped from aircraft with or without help or were thrown
clear. C7 0;:' these died later as a result of injuries and burns.).

165 people were killed by imract or fire, away free airfields
12 peopl.e were killed by fire at airfields

In the disinter,rntin[l and distant crashes 117 people were killed nnd 7
escaped, In the fires occurring on airfields 60 were killed and 27 were
thro,m clear or escaped With or without assistance; of the 60.fatalities
12 died throllC;h fire. It would thus arpear, at first sight, thot the prospeots
of e scape or rescue aX"'l greater When the accident ocoura on an airfield but
the roports s ~[;Ost that fire fighting had no effeot on the nlJ!Ilber of escapes'
or liVl3 rescues. The implication is that While rescue remains the 1:lrima.I'y
aim of fire f:i.!3h:\;ing, present facili tiel" need to be improved. It doe's not
1'01101'1 that their improvement need increase the nunber of appliances. The
rer-orts are not sllfficiently detailed to permit analysis of the oritical
times in the incidel1"~s in which 12 peopf,e o.ied through fire, but the general
accounts sugsest, that some COU:'.I) have been «ave d ha d s',-rifter and more inten­
sive attack been possible. Tlmre is e.-rererence in an Anerican journal to
one of the incidents covered by this review namely the Constellation that
orashed 8 miles from Prestwick airfield in 1948;; it is rer-orted that" ..
wi tnesses wbo r-eached the scene heard some of the OCCUP:lOtS crying for he1.p.
Six persoDs vtcs» I"'J~;';}C16d.but died Within 24 hours because of burns,shock and
injuries. it Had tr,e aoc i.dent occurred on the airfield itself it is inpossib1.e
to say what tre differenoe woula have been, but there would certainly have
been a need for tl'E irmnedif3te aJJplication of large quantities of extinguisl:xl.ng

j'"me ...l.a.o

~'.1.')S eB~rien0e ande:xr;eriments ag:('ee in indicating +.hot the rational·
npr':::.>ilcll ·~o airfield fire· protectiol1 is to 'k,~Y\o the quarrri, ties of extinguishing
maci.•:. necessary to deal with the lareest ineiaen'~ frbm which rescue mir,ht be
acht.eved, and to a:>nsider also the optimum rate of applying these media..
Indications are that past attempts ·~o f'imulate conditions of rescue are 0:P6n
to se i-Lous o"bj:'lction and no significan'Jc should be ct'cnched to them.

There is eonsLde rable o.r:.t~(>~;JZ~,~.~ thlJl..t f'oam shoul.d be r~ge..t'a0d as the
primary roodium ror ':'::F:l;j.n:~l~ish{n.~~ cX'ZJ.f"h i'ire,s~ Tr'e prop:Js,ll to allocate foam
compound on the 't-afJi::: or i:,h;..~ :'equi~ii ;;0 e~.V6 a 6 :..no laye.~ or foam over .the
area included by 1;l:e n:a....~::.rr.:..::n dL'ne:lsioL"iS uf tlJ..'1 [dr~!'af:V~ 85eES reasonab'Io , and
is probably as eC0f~ al:! e8ti.~.9.·~e as can be nl9.0Ro · .

To corrtro'L c. f'5~~Q ·th:! 1~~\;~_nCt~~.gh:!.:1~ D·cent nnst be nI~_:.t0a :r.?~'3·1;e~ than e.CS'bl:1n
minimum ):'c.tc,o 1l bo't}.:) -::h:'3 ;:2.:~e" -'f'l:~ ~r~i.·J 1~~76.:t:::, the faster "tC'.:;) eg==~t is appUed
the quicker tl,1e fi~Q -~·;iJ_l be ou-;:o

In too" atruroft crash fires described above the datalltre meagre and
Lncompfe'te and the oirol.t1lstances of the crashes vary considerab:!,.v. There
is, nevertheless an indica'i;ion that the amounts of foam and the J:·ates of
delivery azc sufficiont to e.chieve contro1. ond extinction !Jut not in sufficient
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tine for rescue in those fires which hove developed too rapidly for unaided
escape , Further controlled experiments mi<;ht 'I1ell be m<de to see the
ql.llnti ta tive effect of inerensed re.tos of delivery.

Smll quantities of carbon dioxide are effective under some circumstances,
particularly for fires developing inside the v,i.np; of an aircraft, and for
what has been described as "knock.ing out small pockets of fire." Of its use
in hree quanti ties however, there are too foVl r'eccrds for any positive
conclusions to be drawn. In the G::'lJmI1lD.n J.blhrd fire it Was reported the.t
when 3 streams of foam "did not a1'1'80.r to oll~,y the fire" carbon dioxide
was used effectively to enable an aIJf'l'uach to bo Tll'-'OO tID the fire. There
were no other compara:ble inciden'Gs. 1I1thoug\: over 3,000 Ib of carbon dioxide
were used in the Viking crash, fog had hindered ope rattlona in the decisive
early staees.

Tests (1) have indicated that the amount of carbon dioxide reqUired to
"knock down" name on an open expanse of petrol is about ~ Ib per sq,ft which
is approximately twice the amount recommended by the'SANDro' committee.
Little indication exists of the rates of apr~ication necessary but it would
appear to be about 3-5 times as much r.s at present prOVided. WhiJ '3t there
can be no doubt that too use of gaseous or vnporizing liqUid media to deal uith
a large expanse of petrol in the open and where tOOre nay be an igniting
source, is unsound under ordinary conditions of fire fiehting, the 'SANDRa'
recommendaticm which are based on the secondary role of carbon dioxide are
nct unrealistic in terms of local application of carbon dioxide for approach
Vlork etc.

It mieht be expected the. t improvements in aircraft design will lead to a
reduction in the proportion of deaths due to impact in crashes. This will
mean tha.t the number of potential rescues per crash will increase, thus
increasing the importance of adequate fire cover.

Conclusions and recommendations

(1) One. of tho chi.cf.d.:i.ffic~ties in !1i.rfi~ld firo fi::;hting is ttlnt of ~tt1ng
the aIJllllLlnce to the S1te in t:LDO for cffect1ve nction. '

(2) With the present scales of cover it is possible to extinguish fires i.e.
to aohieve some salvage.

The evidence of past crash fires sumests, however, that too present
scales of cover are inadequate to seoura live rescue from fires where the
possibility of unaided escape does not exist. This means that too rate
of delivery of naterials to the fire, thol{;h not necessarily the total amounts
of materials, are insufficient. At the same time the discharge rate for a
limited amount of extinguishing nnterial should not be so high that the
dli'f.i.culties of controlling the higher delivery lead to inefficiencies of
usage and uncertainty of erlinc'tien within the reduced time available.

(3) Until rmre e:lCpElrience is available it is considered Wise to retain the
'SANDro' recommendation tc provide cc'.l'1:.0:l Cioxide to "back-up" the foam.
In view of the indications that pze serrt l!lI'lthO':>.9 stnl leave much to be desired,
and of' the cleex tje3C fc.~ alm~:.;t i~E:ta.l1·taneo:~~j E:xti:;c'~icnJ furt1"'...er considera­
tion should be f!:iv~}l~ to "!ih9 :2O~3:ru.i1ity of eJ'~:X:l'il.T(~i~-::a.l work on the use of
large q,uantities of carbcn di:-xiuC'. fer i.T!l1OOd:i.at'3 e;::tir:ction of' fire menacing
the escape route, where this can be followed by tbe c.pplication of a foam
blanket before re-ignition can occur.

(4) It is suggested tha.t controlled experiments should be carried out on
various means of cooling the interior of the fuselage during fires.
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(5) It is also suggested that an effort should be made to cbtafn systematic
r-epor-t s of a.ircrar'''; cr-ashes en an international scale with as many countr-Les
as ,lin e.f;::NJ. I':; O[l'l::ot "!Je too strongly emphas Lzed tho.t the form used
should be pr-epar-ed wich t.ne adv.i.ce of ['. ccmpetA::'c otc.ticic.n £IS rrr.s done in
the case of the Form 1\433 whi.ch is used fOT ;:nt,~':nG1 Fire Stc.tistics•
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