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This report deals with the adequacy of fire fighting
facilities at civil airfields, .4 survey hes been mpde of
civil airereft fires during the years 1948 =« 51 ond it is
concluded that in the absence of further experience it
would be wwise to decrease the present cover as there is
no evidence that this at present gives reasoncble chance
of saving lLifg It is further suggested that a regulax
mternational system of reporting circraft crash fires be
considerad AR
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This report has not been published September, 1952,
and should be considered as confidential
advance information, No reference should
bé made to it in any publication without
the written consent of the Director,
Fire Research Station, Boreham Wood; Horts.
(Telephone: Elstree 1341 and 1797).

DFEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESFARCH AND FIRE O\FFICES' COMMITTEE
JOINT FLRE RECEARCH ORGANIZATION

FIRE PROTECTION CF AIRFIELDS g
N
P. H, THOMAS

Introduction

The Joint Fire Research Organization was requested by the Director of
Navigational Services (Aerodromes), Ministry of Civil Aviation to camment on
the extent to which modifications of existing standards of airfield fire
protection were permissible in the light of records of past fire incidents,
and of the results of field experiments. Because of the many variables involved,
and of the relatively smll nimber of incidents the data available cannot be
treated by ordinary statistical methods, and caution is necessayxy in reaching
general conclusions, Even so, a few strong indications have been revealed by
a careful study of the reportse

There was egreement in preliminary discussion that the primery aim in
fire fighting is to save life, The aims of sclvage, 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 effectivenass
in saving humn life, and the following questions are asked:=-

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

'(ii) How would a change in the amount or type of current fire
protection affect the probability of rescue?

Fire cover hes been considered primarily in terms of the mture of the
media Yo be used, and the quantities and retes of delivery; these factors govern
to a large extent the minimum number of fire fighting personnel required, and
no mention is made of the nimbers necessary for special rescue duties, More-
over, no attention has been given to the question whether a small number of
movements should al fer the scale of cover provided. A low muber of movements
doos not affect the risk at any one fire but only the risk over a period of
time,-

Nature of media

Thoe Air Ministry Aircraft Crash Fire Technical Pane% ?arried out a serles
of tests in 1944/45 to commre fire extinguishing media Ve 4t the time
there was considereble urgency, and although all possible care was taken to
achieve standard condilions in the tests, this was not altogether precticable
since the tests had to be carried out on & large scale, in the open, under
variable weather conditions, and with such appliances as were.available,
irrespective of whether or not they were the test for the purpose. Briefly,
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the test apparetus consisted of a mock-up representing part of a fuselage

and wing structure, with six fanks of petrol each leaking at the rate of

3 mal per minutes A% the start of the experiment a ground fire, involving

LO gal of petrol was spread over 500 to 600 squaro feet, A durmy body was
placed in the fuselage and the moment at which rescus was effected was noted;
for various reasons the comparetive rescue times in different experimonts are
now considered to have little meaninge It wes possible to extinguish the
experimental fire in less than 6 minutes using foam from 1000 to 1200 gallons

of water and 400 1b carbon dioxides In one experiment the fire was extinguiahad'

by a large quentity of carbon dioxide alone in z2bout 3 minutesg 4100 gallons
of water were used for foam in {this experiment, but this was stated to be of
such poor quality that' "it may be reasonably neglected". Within their limita-
tions the experiments aprnear to indicate conclusively the superiority of a
combination of foam and carbon dioxide over any other agents or combinations

of agentse The Panel concluded ttet the "most useful attack on aircraft fires

is by means of foam applied rapidly in larpe qumntities, the foam being supported

by carbon dioxide",

As a result of the preliminary experimental work an experimental crash
tender carrying foam and carhon dioxide was developed. At o test corried out
in Kenley in 1946,a fire in o Hydson aircraft in which petrol was lesking from
four inner tanks at a rate of 32 gallons per minute was attacked with this
tender, and a carbon dioxide tender supporied by two water {enders, Five
hundred and fifty gallons. of water end 1000 1b of carbon dioxide were used;
the wing fires were extinguished in 75 and 115 seconds respectively and the
whole fire practically extinguished in 4 minutes, It was stated that control
was sufficient for rescue to have been possible after 35 seconds of fire-
fighting, - . '

The recommendations of the National Fire Protection Association (U.S.A.)
(N,F,Puhs) (2) countenonce the use of water sprays as an alternative to foams
they recognise that two media should be used, the second being carbon dioxide,
Tt is steted that "the selection of carbon dioxide and foem (with option of
for foam or water suray) is recommended as the moszc ?ffective neans currently
avaliable for aircraft rescue and fire fightings" (2

In the United Kingdom the fact thot water spray does not prevent reignition

of spilled petrol is considered to be an insupsrable objection to its use as
an alternative to foame The recommendations of -the Commitiee on Fire-fightin

Safety and Rescue Orsanizations for Civil Aerodromes ("I'ne Sendro Canmittee“g ?%3

in 1946 and those of the International Civil Aviation Organization (I.CeA.Os
in 1948, are based on the combined use of foam and carbon dioxids, - The expe-

rience of the Joint Fire Research Organization with fire-fipghting media strongly

sugrests that within the limits of present experience these recommendstion

. are sound.

Scales of cover

. Several scalss of fire cover have been swrested for airfields; +the
princiml onees, With vhich this report is concsrned; are summrized diagremma-

L]

tically in Finure 1. Airfleléds aro grcdcld In%o classes, end recommendsd scales

of cover ars Tased on the size of the largest alroralt using the airfields
Clearly, ihs most impordant consideraticy ig the il capacity of the aircraft
and as, in gensral. “his wiil be related %o %ie size, iy is not of preat
importance whotlor Wne ali-up weight, the landing weight, or fuel capacity,

is chosen as the criterion except in aircrafit of marginal sizes; in Figure 1
the fuel capacity at landing is plotted against all-up weight of aircreft for
L2 civil planes using British airfieldss The amounts of water recommended
by three scales are shown for the various rangesg of aircraft size. Amounts
of foem compound recommended are approximstely 1/10th of the water figures hy

volunea ‘This would produce a volume of foam about 8~10 times the water voluma.
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The actual amounts of foam end carbon dioxide reoommende? 'S>y the 'SANIRO!
Commitize are based on the results of the Air Ministry tests 1V, The
medifications supgested by the Fire Services Working Party of the Ministry of
Civil Aviation (F.S.W.P.) are only slight except in certain marginal sizes,
These xru awed athy dlodng a 6 ina. doepth of foan for the area enclosed by
the overall cCimensions of the airerafis

The 'SANDRO! scale recommencs the provision of carbon dioxide at the rate
of approximately 1/10%h +that of +he water supply by weight (see Teble 1)

Tanla 1

SUGGESTED PROVISION OF EXTINGUISHING MEDIA (SANIRO)

} Class of Fotor Carbon dioxide | Ratic
irfield y foxi '
airfiel 1 , 1b carbon dioxide/water
)

1 20,000 2,400 : 012

2 + 13,000 1,200 0.09

L 3/4000( say 3500) 360 3 0.10

{ ) (approx.)

Both the 'SANDRO! and the F.S.W.P, scales are substantially below
the recommendations of the N.F.P.As particularly for airfields accomodating
the largest aircrafte The NJF.P.A. requirement for aircraft of 90,000 1b
all-up weight is 4,500 gallons of water and 2,000 1b of carbon dioxide. It
is also required that” these shall be discharmed in 2% minutes, a distinctly
higher rate than that enviseged in ,ny other scele,

For aircraft above 50,000 1b weipght the National Fire Protection
Associntion scalés yermit carbon dioxide to he used as an alternative
to some of the water, end it appears that 1 gal (10 1b) of water is regarded
as equivalent to 2 1b of corbon dioxide,

In December 1951 the Ministry of Civil Aviation made alterations in the
requirements for small airficlds, These are also shown in Pig, 1, Thay have
not been in operation during the period for which the accident reports have
been studieds Apart from ttese szlterations it appecrs fram Fige 1., thot
the cover in terms of fuel provided for smalier airfields is proportionately
higher than that provided for the largest airfields, TFor instance, in Class IIIX
airfields the minimum ratio of foam to all-up weight (based on the Marathon)
is 0,33 gallons per 1b whilst for Class I airfields (based on the Stratocruiser)
it is C.16 mallons per 1be For the Comet II the figure is even lower (0,16
gallons per 1u) but in this case the fuel is kerosine which turns at 2 somewlat

- lower rate than peiroles On the basis of fuel capacify at landing the figures
are 21 pailons of foam per gallon of petrol for the Marathon and 7 for the
Stratocruisor, Thus there is a divergence between figures based on aree and
figures bassd on fuel capacity.

In so far as the problem is thet of extinguishing an expanse of burming
petrol the sllowance of foem on the basis of a dopth of 6 in. would oppear to
be reasonable, Experiments with petrol burning in trays of various size
however, indicate that the minimum rete of application of foam 4o make extino=-
tion possibie is of the order of 3/gel/sq.ft/min; ebove this figure the rate
of extinction increaeses with the increase in rate of application of foam,

The recommendations of the 'SANDRO' Committee are equivalent to an appli-
cation rate of £ gal/sq.f4/min over an area which may be assuned to be the
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most severe fire likely to be encountered, It will be sean, t;tlerefore,
that for larpe orash fires, this rote is probably of a low order when rescue
is at stake.

Reports of incidents

A study has been mnde of the reperts of firve incidents in the United
Kingdom during the years 1948/51; since the rovort procedure was not working
fully in 1948 the overall figures are not completes The dota in these
reports are broadly clasgified in Table IL. '

Table I1
CIASSIFICATION OF 4IRCRAFT CRASH FIRES 1948/51

Cause ‘ 1948 1949 1950 1951 Total
.Major fires 5 5 7 5 22
¥Engine 2 12 S 17 42
Bopillace other 0 1 2 5 8
leakages
HElectrical 1 5 7 7 20
Brakes etc, 0 1 3 1 5
¥Burst tyres 2 0 o . 0 2
¥Vampires undercarriage 0 o ¢ 1 b1 2
collapse -on take=off l
¥ scellaneous 1 0 2 2 5
Total ! 11 24 33 38 106

”(There were no fatalities in these incidents; all occupants esecaped
or were aided %o escape through the normal exits)

The term "major fire", as used in this reyort is defined as one where
foam was used other than from hand extinguishers, It describes about
1 in 5 of the fire incidents attended by the M.C.,A. appliances,

The incidents summarized in Table II can be conveniently considered
in tfwo groupsy firstly those summarized in Table III in which the orash
was off the airfield or where a disintegreting explosion occurred, and
secondly, those sumarized in Table IV in which the position and rature
of the crash 4id not in themselves prelude successful rescue.

Amounts of foam used

The total quantity of foam compownd reported to have been used in the
inoldents listed in Table I1 was about 1,200 gals, of which 450 rals were
used in ore incident and 180 gals in another. In 3 incidents foam was used
to cover spilled petrol where there was no fire, 318 gals of compoind being
uged at one of these,

Amoynip of corbon dioxide used

The t0tal amount of cerbon dioxide rerorted to have been used in the
incidents summrized in Table II was 47160 1b of which 7,800 1b were used
in ore incident erd %240°1b in another, 840 1b of carbon dioxide was the
larpest amount used alone, This was for ext:.ngtnshmg an engine fire in
a Stratocruiser at Iondon Alrport in 1951,



TABLE III

MAJOR CRASH FIRES OFF AIRFIELD OR IN WHICH A DISINTEGRATING EXPLOSICN OCCURRED, 1948/51

Plane Class Field Year Gircamstances Occupant s

Costellation 1 Prestwick 1948 | 8 miles from airfield 40 killed inc, 6 rescued who
died within 24 hours

Mosquito L Weston-super-Mare 1948 | Blew up on impact - wreckage over | 2 killed

. wide area,

York 1 ; Northolt 1948 | collision in mid-air } 7 killed

Cloudmaster 1 |) Nertholt - 1948 | 3~ miles from airfield 32 killed

DH 108 b Blaclbushe 1950 | 3 miles from airfield 1 killed

Dakota 2 Northolt 1950 | 12 miles from airfield 27 idlled 1 tlrovn clear or
made own escape '

Halifax 4 Bovingdon 1951 | Explosion and vareckage over large | 4 killed

arsa

Jet L Ssangted 1951 Disintegrated in mid~air 1 Klled

Firefly L . Poart Ellen 1651 | 15 miles from airfield 2 kilied

Avro Jet L Blackbushe 1949 | Plunged from 1500 feet 12 miles 1 kled

: fram airfield
Cierva Air & Southampton 1050 | 2 miles from airfield 3 Willed

Horse

oy




TABLE IV
MAJOR FIRES ATTENDED BY M.C,A, APPLIANCES 1948/51 ON ATRFIELDS

. - < ps Initial attendance of ’
Alrcraft | Class Alrfield | Year foam and COp tender 002 Escopes and rescues
Dakota 2 | London 1948 | 1 fosm tender 1 GO, 130 gals{. 960 |20 killed (16 impact) 2 self
- (delays due to fog) effected escepes or thrown
clear. (Oziginally 3 but one
died)
| Grumman ¥Mallerd Ao, 3 | London 1949 | 3 foam tenders 2 GO, 450 gals|7,800 |1 self effected escape
' fdigd (5 irhzlation of fumes)”
J and 1 hoemmzhege
Firefly 4 Prestwick | 1949 | 1 foam tender 13 gals - 2 self effected escapes
- ]
Rapide L Prestwick | 1949 | 2 fooam tenders CO, 55 gals 240 1No one aLonsil = engine
starting o
Spitfire L Renfrew 1949 | 2 foom tenders 20 gels - 114 rescusd cr escaped means
: - unstated
} Viking 2 London 1950 | Initial attendance 180 gals[3,240 |29 killed - 1 rot due to
in fog unstated impact, 2 s=21f effected
. escapes or thrown clear
Firefly L Bovingdon [ 1950 | 1 foem tender 1 CO, 35 gals | - 960 {2 rescued by personus
‘ : r ' other thay #.0,A . Brigoade
(Fire deley of 1 min)
Hermes 1 Hurn 1950 | 2 foam tender 45 gals 720 |8 self effccied escapes
Rapide L Lympne 1950 | 2 foam tenders Ly gals 11,800 §1 self effocted escape
Tudor 1 Bovingdon | 1951. | 2 foam tenders 2 602 : 1 7 self effected eécapes
Auster L Birmingham | 1951 | 1 foam tender 10 gals - 2 killed - bodies removed in
. 5 mins, Death due to shock
? 1 § after burns and injuries.
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Casualties, escapes and rescues

There were 177 fatelities in fire incidents, all major fires, which
involved 415 aircraft, 34 people (seven of vhom siubsequently died) escaped
without exterml aid or were thrown clear in airereft crashes, but there
were no instances of living vpersons being rescued from the inside of airaraft

while a major fire was in progress, At least two bodies were removed during
the couwrse of n fire,

0f the 177 fatalities, 117 occurred in crashes away fram airfields, op
in explosions, and as far as con be ascertained 48 of the remaining 60 can
be asstmed to hove ded from impact injuries.e Full information of the 117
fatalities has not been obtained, but the sicnificance of the observation
is that possibly 12 out of a total of 177 deaths, or out of a partial total
of 60 which occurred on airfields, might have been prevented had it been possible
to bring the fire sufficiently under control for rapid rescue operations to
have been attempleds

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 Viking,

The Viking hod a total of 29 occurents, 28 being killed by impact.

Although 4wo bodies were removed during the fire in the Grummen Mallard
times are not stated, so that conclusions cannot be drawn regarding delay.
With the Dakota and also the Viking, fire fighting was impeded by fog, and
the rates of delivery of both foam and carbon dioxide were below standard in
the initial important stagese

With the Auster the fire appeared to have presented litile inherent
difficulty, but it was difficult to extricate the bodies from the cockpit
and they were not recovered for 5 minutes; the deaths were yeported as due
to shock as the result of burns and injuries,

From Table TL it may be seen that 4 out of 5 fires did not require more
foam then thel delivered by & hand extinguisher, the meJority indeed required
only small quntities of corbon dioxide or carbon tetrachloride. For an
engine fire in a Stratocrulser, however, over 800 1b of carbon dioxide was
usede .

These fires are not necessarily of minor importance, Some if not all
would Imve become major fires if lef't wmattended. An instance of +his is
that of the Rapide (Prestwick) (see Table IV) where an engine was started with
no one standing by with an extinguisher, A small fire then rapidly became
a large ouz,  When the initial fire is in the electrical equipment, the
brakes, or say, in a srell spillage of petrol near combustible solids, the
fire may develop slowiy for a while, Once a certain staze is reached, however,
the velocity of soread mny itself increase rapidly until a large fire hns
developed. The initinl stapges of suwch o fire may, therefore, last long enough
for escape or rescve Yo be possible, Eramples of this type of fire are the
Tudor and Hermes in Table IV where 7 and 8 persons respectively escaped unaideds

and the Firefly from which 2 persons were aided to escape, the fire following
the crash after an interval of 1 minutes,

If, however, a crash causes the severe fracture of petrol lines, or a
tank bursts a large fire may be produced at once, and the aircraft may burst
into flames immediately upon impacte Such conditions give little opportuni
for unaided escapes Fires in the Grumman Mallard, Viking and Dekote (Sabina

-
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appear to have been of this type. The.very forces which break up the petrol
lines lecd to fatalities due to imp:ct so that, in general, crashe? 312.81
hich impact fatalities are associated with fires due %o burst tanks

Thus, 28 out of 29 died of impact injuries in the Viking and 16 out of 20

in the Dakota, On the other hand in the Grumman Mallard crash which occurred
at take-off, only 1 death appears to have besn due 4o impact injuries and 5

to fires There is émothar consideration in disztinguishing between fires of
slow and rapid development, Where the initicl stapos of griwth of fire are
such that less then 13 ‘minutes ere aveilable for unedded escape, then with

a small airecraft this mey be sufficient for all occupants to disembark safely.
If the aircmft is a large one, however, thore may be too many occupants for
evacuation within this brieéf time. It is noteworthy that of the 9 fires

that occurred in Class I and Class IIT aircraft, 2 were under conditions that

were not unfavoursble to fire fighting and in these instances the slow initial
development of fire permitted escape of the occuranis,

It will also be remembered that the same meteorological cenditions which
cause a crash may hamper fire fighting. Thus the Viking and the Dakota
crashed in thick fog which prevented. early mobilisation and attendance of
adequate fire fishting equipment,

Control and extinction

It is notoriously difficult to interpret figures of the amounts of
extinguishing media used to control fires, and to draw conclusions from a
small number of wvarying incidents such as those listed in Table IV, Most
of the incidents involved Class IVaircrafte Two of these, the Auster and
the Firefly, were attended by a single foam tfender and the amounts of foam
compound used were 10 pgallons and 13 gallons respectively. The potential
rate of delivery was that appropriste to the class of aircraft but although
the fire wes controlled rapidly, rescue vas not achieved at the Auster
incident,

At the other fires in Class IV aircraft ths attendance used was higher
than that envisaged on airfields catering only for such aircraft and the fires
were controlled without undue difficulty.

With the larger sircraft the fire developed camparatively slowly and
in the cose of the Hermes in which the fire was basically an engine fire,
control and extinction were achieved with an attendance less than appropriate
for the class of sircrafts.

With the Tudor, on the other hand, attendsance was sub-standard and there
was a shortage of water,

The Grumnan Mallard deserves attention since it appears to have besn the
incident in which live rescue came nearest to achievement, Briefly, a small
aireraft crashed afier toke-off. Although it carried a gquantity of paint
this would not have been sufficient to bring the effective combustible load
up to that of say, a Class II ajrcraft; “he oxtr: hazerd loy in the fact
that this material was in the fuselage. 4n explosion was heard at the crash
and a large number of appliasnces Were rapidly mobliised; thsse being 3 foam
tenders and the Cardox trick. Two bodics Were recov nred at an early stage
in‘the fire but it was evidently toolate. OF the €& fatalities 5 were due
to the inhalation of the produnts of combustion, ths impact forces being
relatively licht, The emounts of foam and carbon dioxide used were more
than twioce that employed at any other fire reported,

Discussion

From the foregoing it is clear timt the problem of aircraft crash fires
is extremely complicated; incidents range in size from minor occurrences fo

~
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disasters: but because of the highly inflommable nature of the fuel involved,
the smalissh Z0re may be a potential disaster, Incidents vary, not only in
gize bUY io e relativa dmportercs of the demege caused by impacty the rate
at which fns fire develops; and roduess the possibility of escape or rescue;

‘the varying tines beiwscn anclésnt and alamy;  the time faken to assemble

the crew and for appliansos foe mench tha seana; metecrological conditions, '
dense fog, stow or kira wind which both coricdbuts to the crash and hamper

fire fighlingy the dssign of the aircraft; and finally the number and type-

of appliancese . :

Examining the records first of all from the point of view of rescue, the
outstanding f:n.gfures for the period under review are:

34 people escaped from aircraft with or without help or were thrown
clear, (7 of these died later as o result of injuries and burns.),

165 people were killed by impact or fire, away fram dirfields

12 peonle were killed by fire at airfields -

In the disintersreting and distant crashes 117 people were killed and 7
escapeds In the fires occurring on airfields 60 were killed and 27 were
throwm clear or escaped with or without assistance; of the 60 fatalities
12 died throuch fire, It would thus arpear, at first sight, that the prospects
of escape or rescue are greater when ths accident occurs on an airfield but
the reports sugzest that fire fighting had no effeet on the nurber of escopes
or live rescies, The implication is that while rescue remains the primary
aim of fire firkting, present facilities nesd to be improveds It does not
follow that their improvement nead increase the number of applisnces, The
reports are not sufficiently detsiled to permit analysis of the critical
times in the incidents in which 12 peorles died through fire, but the genersal
accounts suggest, that some could have been maved had swifter and more inten-
sive attack been possible, There is a'reference in on American jourmal to
one of the incidents covered by this review namely the Constellation that
crashed 8 miles from Prestwick airfield in 19483 it is reported that "..ese
witnesses who rcached the sceneé heard some of the occupants crying for help.
Six persons Were rescued but ded within 24 hours because of burns,shock end
injuries," Had the accident ocourred on the airfield itself it is impossible
to sey what the difference would have been, but there would certsinly have
been a need for e ...mmed.L te application of large quontities of extinguishing
media, :

Thng experience and experiments agree in indicating that the rational:
approacn w0 airfield fire protection is to dzcido the quantities of extinguishing
media hacessary to deal with the largest incident from which rescue might be
achieved, and to consider also the optimum rate of applying these medin,
Indications are that past attempts to simulate conditions of rescue are open
to sarious objetion and no significonne should be a2timched to them,

There is conzidsrzhle aramement that fomm should be regarded as the
primary mediwm for exiingei sh_rm crach fires, The proposal 4o allocate foam
compound on the tasiz of that :-eou.mar'i £ 70) g"'_ve a 6 in, laver of feoam over tha
area included by the meximun dimensiouis of the plrora® ssems reasonable, and

is probably as geood aw estimate as can ba madee

To contrnl o Sre the aeiincuishine opent nust be aiplied faslier 4ban a oartedn
minimum retee  ALbove This sete, wilhly 1..4._}:3, the fasier tns egznt is applied
the quicker the fivc '::_'i'j.'.L be oulie

In the’oircraft arash fires described above the data are mesgre and
incomplete and the ciroumstences of the crashes vary considerably, There
is, nevertheless an indication that the amounts of foam and tle rates of
delivery arc sufficiont to echieve control eond extinection but not in sufficient

-
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time for rescue in those fires which have developed too repidly for unaided
escapes Further controlled experiments miszht well be made to see +the
gquantitative effect of inarensed rotes of delivery.

Smell quantities of carbon dioxide are effective under some circumstances,
particularly for fires developing inside the wing of an aircraft, and for
what has been described as "knocking out small ypockets of fire.," Of its use
in hrge quantities however, there are too fow reccrds for any positive
conclusions to be drawn. In the Grurmen Mallard fire it was reported that
when 3 streams of foam "did not appear to cllinsy the fire" ecarbon dioxide
was used effectively to enable an apprcach to he made %o the fires. There
were no other comparable incidentse Although over 3,000 1b of carbon dioxide
were used in the Viking crash, fog had hindered operaiions in the decisive

early stagess |

Tests (1) have indicated that the amount of carbon dioxide required to
"knock down" flame on an open expense of petrol is about § Ib per sq.ft which
is approximately twice the amount recammended by the 'SANDRO' committee,
Little indication exists of the mtes of application necessary but it would
appear to be about 3-5 times as much :c ot present provided, Whilst there
can be no doubt that the use of gaseous or vaporizing liquid media 4o deal with
a large expanse of petrol in the open and where there may be an igniting :
source, is unsound under ordinary conditions of fire fighting, the 'SANDRO!
reconmendatias which are based on the secondary role of carbon dioxide are
not unrealistic in terms of local application of carbon dioxide for approach
work etce '

I+t might be expected that improvements in aircreft design will lead to a
reduction in the proportion of deaths due to impact in crashese This will
mean that the number of potential rescues per crash will increase, thus
increasing the importance of adequate fire cover,

Conclusions and recanmendations

(1) Owe of the chicf difficulties in airficld fire fizhting is thnt of get;ting
the appliance to the site in tine for offective actione '

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

to achieve some salvage.

The evidence of past crash fires suggests, however, that the present
scales of cover are inadequate to secure live rescue from fires where ths
possibility of unaided escape does not existe This means that the rate
of delivery of materials %o the fire, thoush not necessarily the total amounts
of materials, are insufficients At the same +time the discharge mte for a
limited amount of extinguishing meterial should not be so high that the
difficulties of controlling the higher delivery lead to inefficiencies of
usage and uncertainiy of extinction within the reduced time avwmilable,

(3) Until more experience is availeble it is considered wise to retain the
'SANDRO! recommendation to provide ceaxr®on ddoxide to "back-up" the foam,

In view of the indications that present mathods still leave much to be desired,
and of the cleeyxr nezd for almost insitantanscly extinciicn, further consideraw
tion should be pgiven to fhe rossibility of exwrimzuial work on the use of
large quantities of carben Adioxida for immediats entirnction of fire menacing
the escape route,where this can be folliowed Uy the epplication of a foam
blanket before re-ignition can occur,

(4) It is suggested that 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 elso suggested that an effort should be mede to obtain systematic
reports of aircraft arashes on an international scale with as meny countriss
es will ggree, It conmod be too strongly emphosized that the form used
should be prepored with tue advice of o competent sicticien as wes done in
the ccose of the Form K433 which is used for ifaticnal Wire Stotistics,
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