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SUMMARY
A Furthe- study is being mede, on a world-wide basis, of sccident summaries ang
reporic togeiher wlth recent papers om the various gspects of Fire mafety. The g1m

15 Lo compare the perinod since 1974 with the First twenty yesrs af survivable
scclidersts to turklne powsred alircraft as preseoted to  the 1975 AGARD Symposiom in
Rome .

Woile tme  stody 12 s1:ll far fFrom compleie 1t does seem thet, slihough scre lessaons
rheve oeer learned and improvements have beer made or are an the way, crashwortbiness,
f:re amd surviva: remain areas of meor comcern,

INTRODUCTION

Tnis 1 nct the paper I tfad initended to write since the above summary now reflects
the comtinuing incompletenese both ofF our date bsse and pur analysisz of it. For this
I apclcoirsc but 1t 1€ hoped that this more general "overview' will be of g1 least
equal value to the more detwiled srnalysis and compariscn that had beer enviszged
Piease note also thnat the use of the First persen in the paper (s deliberate since
this will new be & pergonal view rather than 8 totally dispassiocnate study.

My etartimg point was, =and still :s, my AGARD paper (reference 1) presented 1 Nome
im 1075, This was to the best of my krowledge one of the First attemprs made Lo use
stetistices Tt compsre different grouwupse of a@ccldents, It was successful in sc Far
that the First 0 years of turbline powered aircraft operations had by then produced
Just sufFficient accuidents For statistically significanmt differernces to be detectable,
At the Time 1 Felt ot a little @pprebensive in poimting out that the 20 yes—
accident record canfirmed what had been predicted From theory end experimernt from the

wvery autset of turbine operations. I wags of course referring te the wuse of the lese
dengerous, low woiztility fuels, mnamely kerpsine rether than gasoline or wide cut
fuesls. Ferhaps 1 alsc fFelt anpry that lives had beens lost im0 the time taken to
‘prove' what was, to many, already <celf evident =nd described an reference 2.
Further stugdies [(references 3 ant 4] amd seversl excellent and comprehbensive reports
fallowed, which together laid the Foundations For the use of past sccident dats to
nelp in ke pvalustion of possible safety measures. Some of thesc will be discucsed

in the Mext sectlon,

Ferhaps the major sucgess of the 18975 AGARD conferance and the resulting discussion,
however, has heen the incressed sawareness of the importerce of crashworihiness and
swrvivability, mor  lesst whem Fire occurs, to aircraft safety and as reflected in
zirgraft sccident investigation and  the resulting reports. Without wishing to
balittlie in  smy way the efFferts of other suthorities I nevertheless beli:ewve that the
AAID repcrt (reference 5)  en the HManchester B737 accident in August 1985 does
represent a2 mliestone 10 the investigationm and reporting of an sircraft sccident
invelv.ng Fire,

W.th thas :n omirnd I should like to repeat am opening parsgraph of a brief paper given
=t the NRoya! Aeroftgutzcal Spocicty in 198E [reference G):

"The msin  purpose of SNy statisticel review must be ro esteblish where pur limited
‘safevy rorney’ 12 best spent.  The traps we sre otherwise liable to fzll into are (1)
cwErreacti Following what may 1m Fact be & one of F, uniikely to be repested

{1:! under resctior as a reselt of treating =n  accident with  nmahy
e.mila"itres to prev.ocut acciderrs as 1f it were g one ofF'.

accident

snd @lec whe comclusicns:

‘The Manchester B737 accident salthough apparently very Severe was in Fact fairly
typiesi @F a surviveble, on the airport fFire accident with no Fuselage damoge and nha

fartelities due tLo impact trauma. The Findings and recommendations of the Accidonts
Invest:gation Branch w:il therefore be relevant not omly to this one accident but to
% large and smportamt group of  sccocidents. They should therefore be fFrollowed up by

2.1 comcerned with ever more than the usual urgency.

Where spproprlate research should continue 1o areas that couwld make this type of
accldent less hazardouws to the occupants. '



Thie brings ws Full carcle with the origimal intention of the poper beinyg to set oot
s corplete list of relevarnt scoidents to make the tesk of essewsimg priorities thot

much gasier. Im  thix T tave folled due to circumstances not  relevant to thio
reeting, however 1 tront that the  1lst thaot 1: appended in conunctlon wiih pirero
uresented or to L procemned ot thas meet:mg amnd those From tre (oot Fre s nji}
prove wsefol, Ar alwaye the ori1ginol stertimg point for 8hy list of oocadonts is the
CAA's J1mroluable Worlo Airlane  Accaident Swummaty, WAAS, (reference 7) whict ususlly
makes pialin which accigents need te be fFollowed up regearding fectors such 2= Flire and
cause of death. Howsver by :1teelf the WAAD may sometimes, th-ough rno Facit of 1ts
conp:lere whio rely on oftern lnsadegquate imFarmation, ke mislesding. There have 1M

fact Leen Egveral scc.dents where a rezding of the WAAS glone woold mot reveal the
exlsternce of Fire l=x aione desths due o fFire amd scome comparstively recent papers
tvave fal.ied Lo capitalise on werk already pubilished which provided Far more detaals
than ihe WAAS, Far erample refecermce &, probably  the most comprehensive study yet
cemp_sted and reference 9 which is more reacily avslilable. Others are referenced
Later snd no doubit other valuable data will be presented at this symposium,

STATISTICS, COST BENCFITS, NET SAFETY DEHEFIYS, ETC.

Whnerm [ first msiadieg stastisrics, Moroney's 'Facts From Figures', reference 10, wes
only th-pe  yeas—s old; 1t continues  tao be  1m demand after 38 years' Apart Feom
pravicing an ewielliemt antreduction to stallstics the suthor headeo each chapier with
& apposite guctat.or [(individual refererces for these guotations will Ret hbe glven)
and many of these have cemairned with me while much of the theory has beerm Forgotien.
Some are well known, Must are wprth repeating ag contgining in them 3 large measure
cf, 1fF mct always compl: te, truth,

For e=ample, and perbape as 8 reminder that we should slways start with en open ming

Framcic Bacor once said:

"IF & man will begin with certainties Me shall end in doubts; but 1fF he will be
centent o begin with doubts he shall emd inm certainties.’

Te rerind  us todey that we must be very cereful to include all relewarnt 1oformat:an
Lord Brougham, 150 years ago, stated an egquivalent o the 'lies, damned lie=s and
statisticse' put dowm 1 that

"¥You have only to  teke inm what you please and lesve aout what you please; to select
your own  conditions of time and plece; to multiply and divide at discret:on; and you
csn pEy the Matianal Debr in half an hour., Calculaticn is mothing but cockery.”

Ever 1f you have been careful, irm the truthful semse, both with your 1nformation and
wlth your use of it, A.d.Whitehead made the gstatement, even more true neow 10 pur
warld of computers, that:

'There 1s  f~o more common error than 1o assome that, becawse prolomged amd sccorste
mathematica! calculatiocons have been made, the gpplicstion of the result to some Foct
of meture Ig sbeclutely certain. '

It i perfectly oatursal and reguires no ulterior met:ve whztsoever, to select for
study Justi  those accldents that one believes are relevant to the subject in hand.
Thue if eome i= concerned with saving lives there is clesr justificatiern ard logic in
looking only &t fatal accidents.With real care some useful conclusions msy come but
of such a study but :t may be recalled [(reference 1] thet = comparison of Fatal bu:
survivable accidents alone could have lead ome to deduce that the pressrce of fire
mede little or ro diFference fto the proportion of those on bgard who werse killed,
about half, with or witrmout Fire. It was only when reolated non-fatal acc:dents were
consildered alpngside the fatal that the significance of Fire became zpparent, with no
fire oniy some 8% of the ocoupants died but with =& Fire present 1n 2 group of
ctherwise sim:lar acclidents this increased to 2B% as » result of 8 larger proportion
of groroidents becoming Fatal.

Similarly 1f one is principally concerned with passenger s&fFety there is much sense

inocomfining one’s study to pessenger carcying Flights., In fac: 1F our sample size
were large ernough there wowld probebly be no argument sgainst doling As it is
such =2 s=mple 1z sti1:l mercifully small, often too small for =@;y stait:istics!l

=naly

Fligh:t

flew while ] believe it may be guite proper to ev:-lode crew reim;ng
and  opiher norn-pacssenge-  Flighte Frem  amy stody related [o sclldent cacses,
that is to preoventing accidents, 1 suggest that swch an exclusicr need not and showld
not apply te amny study of crashworthiness o surwivability since the original cause
is largely :rrelevant to such & study. T therefore suggest that crew training,
cargo. executive arnd eother flights, both non-fatal and where one or more crew members
died ar sescaped only by the skin of their teeth, are highly relevant and should alsoc
be considered. This 1= perticularly so if ome is involved 1n a 'what might have
tappenhed 1F' study.

Umn the cther hand 1F pme is looking for disbenefite it is metursl elso to imclude
non-fFatal accidents so as  to consider whether some of the survivors in these mighz
fave actually died had some proposed ‘safety’ device been present, There is nmothing
aw 8ll wrogng with such & Bpprosch, indeed it 18 8bsolutely wvital that the
disadvantiages gre alwegys coneidered alongside the advantages, ] merely wish to



e press fear thatl ne select:on  of accldents con be tats!ly free of & biss thet
could affect  the reso.te; hence iy own attengis te reduce selectiom to s minam
incluce o= many eco;donts s possible 1T Bny comperative study., For this stody an
attempt f=zs  beer made to include all fpotemtiamlly survivable accidents lovolving Faire
and/or =pil.ed fiel.

Elgls)

& probtler ot prescrt 15 tha:r the resclis of many studies are lisely to be sirongly
affected By a2 ramIdfFLl of 'major’ ace:dunts, UnFortunately few, if amy, of thneso
appear o ngve been imvestligeted with the thorooghness csmat the AAIDR applied afze-
the Msmsmester sccioemnt, and it 1€ omly with the benefit of =11 the snformsticon nNow

ava.lab.e conmcerring TML1S acroildent thz+t ome caBm vehture o Ssugoest ‘what wowld have
tappunes .F ... wits Bty confidence st =2i1. Even 1n this cessg thece are =surely mo
certmin enEwers, onily prebabilizies albeit sometimes very strong.

A this poun:t I showlcd like to try tc sET DUt my pPositiaon concernimg the wse of
goclidernt deta  for assessimg ssfety meg=ures, Hawing started m the early Siwxties by
arguing that ore couid  and smowld draw veluzble concliusicoms Foom a  handf Ll of
acpidents, backed by theory and expeciment, and played down the coonier argument $hel

all sccident=s were d:ffFeremt anmd ome couwldn't possibly say "whot wowid have happened

1 ‘and tnls  wase the principsl srgument of the pro-JP4/w.de cut lobbyl T movee
in the seventies o a2 provsilotlst.iccl aopreach (1t ecouwle gymically be soggessed
bBecause this  conflomed my  earller pre jud:ces) armd how 1 the  laste e:pghtiez  foma

myself doooting the wslue of some safety Rermeflt analyses which sheoold combime t-E
best cf boeh worlds (=g=:m 1t might cynizally be eaid because ] dom't always =gree
with the rFesolts ).

Irm Fact this chenrge of approsch has come abowt 3z =& refiection of the increzs:@nn

ampunt of date that mas greduslly became awvaliable, my only comzern is than i
shpuld be used ard be seen to be wused with an open mind i 2 disinterested manner,
This is not easy and I wventure Lo uwurge extreme  ceUtipn to  those coficerned. The

avisticrn Fuel 150 2y  have beenh uhigue in providing sufficient dats to confirn
cons.deravle o .ffererncye in post crash fire propecties at s statistically sign:ifaczix

level and =1 a time when  there wete no cther  competing soloitlons. I =still Fesgl
cLrongly thet we sShould not again heve o walt 20 years for such differemnces to be
"proved’ by the accoclident record. To this end 1 support the concept of net safety

heneflc anslyses provicding the results are coweched in terms  that refllect wheLe
unavoldable lack of precieion.

To say thot 10 sccident A safety megsure Brand X waould hsve saved say 20 l.ives=s may be
B reasornzble view. Howewer 1t is more likely that s more balsrced consideratlon of
the circunstances waou.d lgsd to the cormclusion that taking B 'warst case’' only 10
lives woulid be ssved and taking 8 'best case' 35 would have been saved. In accident
B the circumstances might bLe different and better documented such thst the spread
would be smaller, say betwesen GO0 and BO. In another poorly documented sccident [ the
only wvallid comciusian might be anywhere between O and 100 lives saved. The relst:ve
danger af assign.ng amy precise figure to accident € is obvious.

Comsidersticn cof safety measure DBremd Y might give betiter or worse results with morc
or lese scztiter and st a different cost. Such 3 comparison might be useful if one
could Pe  sure that cne wes loockling at a ramge of agcidents likely to remaim TypLca.
snd that the analyses nad been completely fair to each safety mezsure. Bot what 1 F
there were 3 or 4 competing safety messures™ QDo you start from the previouws 10 or 20
year baseline ar do Youw Try o take into Zccouwnt changes recently o about to o
made™ That i1s do yoL guesstimate the lives that might have besen saved by Brand X,
which 15 Just being introduced, before gouesstimating how mary more might Le saved by
bBegard Y or Brand 27

I swuggee:r  thast there s mothing  wrong with making swuch amn atiempt but sight shouold
never be lost of the often poor guality of the initisl data mor of the progressive
and Furwner les=s of ouality, i.e.sccuracy, every time one makes such 2 guocestimate,
much as orne nust bewsre of teking too much notice of the small difference beiwsen tws
very large guant:ties.

Trnie 1 of course not gn academic guestiorn, For the First time within my experlienze

there arc indess several eaFety measures being discussed that could mprove cabi.n
safety. We thezrefore have toc ask oorselwes guestions that may neves heswve arisen
before, thzough  the cemorsl orme cf 'where owr limited exfecy morney is best gspe-t’

TEMBLOS . The f:rst fubsidiary Quesiicm Lo this shoo.C perhaps be 'ls .t reagzcnable
to searcrt Tor cne  Oest Buy or stould we hedge ocur bets™' Coupied witn this s the
questian ‘de we seek  perfection in orne Brand or is our mohey more efFfectively =spernt
by devs.oping several Brands, perbaps bearing 1n mind the law aof diminishing returns,
to a slightiy lower standard?’

%o lomg &5 such 5 thoice exists there slse exists the possibilaty (in the lamg ra-
the cerzaimty) that an gccident will occur after which it camn be Brgued and maybe
proved that we made the wrong choice, therefore we are liakle. Simnce thie applies
whigcheover cholice we make we can ignore th:s aspec:t sltoge<ther, sa leng that is as= &5
reascrasle amaunt oF safety money is spent amd that the decisiane we make sre baosed
on resconabhie snd defermsible premises,



y own  wview 8¢ erpressed st osn Alr Safeis Symposiom in Brussels (reference 11) is
that the-e 1= na sitgle sclwtlon, rmoe Bramd however pecrfect coo!id possibly save all
lives under alil acgidemt comdltions. At the same symppsium the peszengizs in seat 90

attenricm but net all directl

[referenze 12) expressed a 2 similar view g provided a last of 11 topice descrwvimg
y relevant to aircrafz fires.

Aefgrence 11, writter sround the Mancreszstes GP37 accidert referred to o el
of topics all

nilar ligl
=grme way fo do wiirt Fi-e protection, It wess swgyesied that these
e our BLLERTIDM, nor 1m0 Ra-ticular for the attention of the

thorities, rather they st osuld all tbe comsicered and 1F poss

imnroduzed a come rezspnable, necessar:iy nom-pe-rfect, stamndzr o, The
toplice C.scussed were the provision of

[t gvtermal carerals) mng cockplt momicsor

Tii) @ CcaEYin wsier miSt sSystem

Tiail less flgrmmanle furcis,ie JPS/AVCAT or AWK rather than JPS/2etA/AVTUR
Ciwy improvec cao.m wal'ce:ling materiass

Lt paSsEnger EFoketoods

Dihers ment:orned ccocrcerned: -

cwi) Fuel tank angd Fuselsge integrity following undercarriasge collapse sto.
fvii) grester prptection of fuel/hygraulic lines passing through the Fuselsge.
fwilill compartmentation of the Fuselage

(ix] onbboard extimguishing system in equipment bays

Tw) passznge- smoking.

One shoulcd add to these improvements in:

=i access to Gabin exits

(=ii) safety instructions toc passengers

Ixiii) cebin staff training

{wiw] certification avacuatiprn procedurcs

TR strength/sti1fFress reguirements for all overhead panels, bhins etc (=nd

perhaps dynanic tistling thereof )
The li1st csn be added to with comsideration of limiting
[xvi] carty an baggage and duty Free goods
and so on,

I hope 1t can be agreed that whille an order of priority might be useful, these sheoulc

mot be  im competition with ame  another gnd  there should For esxamnple surely be na
guestion of adopting eLther smokehoo:iln er 2 csbin wster mist systam, nor of sccepting
without guestion that we dan't need &' ther now we have Fire blocked scats. It woulcd
be equp-ly wromg to EBtate thast we must have the whole lise without Foll snd prapee
evaluaticr. and discussian. However the AAIB im the Manchester B?37 regport [(refere-ce
5] does stromgly support this broad bessec appreach sand 10 the 321 cafoty

recommendations does  refer specafaically to abour talf of these wopics and g.ve
comsiderahle emphsasis to {10, (113, [v) amd {=iv].

The use o©f past ®=mcocidemts that I sre as most beruficial ls therefore not only to
suppoart or  shed doubt oo the meed for = perticular s=fety feature bur alsz. a-d mz-e
mportantly, to  estab;ish the conditjons undes which the varisus safeoiy feEato-wve sre

mosSt LikKEly Lo have ts work. Oriy with thas  information can they be dezigrned
properly to glve maximum benefit to the passengers.

Comsidering just a few o©of the topice listed I would like to look =t some af the
Juestione that we shoold try to amswer {and which I had originslly hoped to amewer 1R
This paper;j,

Externs! camersal=s) amd cockpit monitor

This system 15 of grezt value in Flight as wel! as on the groumd €c the quest.aons are
more varied thgn with scme gther systems.

Os we nesd to view ithe whole of the alreraft or are sorme ares:s so trouble Free trhas
we can igoore them?  Will a top of Fin camera loeck:ing forwsrd and an ongernose corers



lpgking backwards ccover enough witte sufficient detell to be of wa!lue™ In oiher wordo
whar fFo:lures eic a~e we hopling to show the crew? Do we heed to keop recording af ter
iandimgiengine shot down™ If g2 we need & much lomger tzgpe than the 30 minutes
currerntly Lt uSe in cockpii voice recorders, snd evern without this reguirement shoulid
we cover the whole filght, msybe well gver 12 hours in some cases’”

Czbi1r waze— L= 5yE:EF.E

What cdep~ees of damage to the fuselaye should we ex<pect the =yelerm 1o toleraiec and
st1l! provide protectian®  An anewer te this may be found in reference 6 {taken Fros

refererzg 137, “His was that up to 1878 roughly half the fire deathe had ocour~ed in
srcidernts wagre ihere was litile or rno damsge to the Fusclage (the ManPchesier 0737
was of couvse loixe this),, the rest promoipally in those where there were One OO Two
breake 1n  tme Ffoselage. The recent accident to a B737 at Kegworth {referamce 14)

pernaps Lypifies this winmo of sccident, the fuselsge ended up in three pieces one of
which wee upside down, and there wss = considerable guantity of spilled fuel {but on

this gocoasicn oo Fire) . OfF the 126 on bocard 47 died and only 5 egscaped sericous
ATy Had tre Fuel :gnited It would have threatered all 3 pleces of Fuselage ancg
those trapped =snd imured  inside. The record reeds to be examined to see IF this

repre=entE & =tlc worst case, 1nitia:ly 1t 15 suggested that excellent reports

wCeh &85 —efer Hid 10 shouid be rec=aminef with ThiE QuUETT

o Ll rozrd,
:nclud;ng whe T e e2mzu.d work up=ide down!

I+ was sls =g 8t Hegworin thst not only the cvernegad bins but ealso most of the
= +wad Fa:ied, that is they had Fallern, probably wiih some considerab.e
Force, ortoc  the pestergers. While the design of ary protecsion eysLEM Must Lolerats
some degrec of Ttrim Fallure the repgulsre ancd froeguent occourrence of overhtesd bins

coming paer or Fa:l:ng altogether, ever sometimes with a heavy landing, 1ls surely not

c
celilirg parne!

mzceptable. We must consioer the degree of 1mprovement necessshy.

The Civi. Aviat._on Authaority, Caa, in its diecussion document, reference 17, poses
many oiher relevant gquestions regarding this syster 1ncluding reference to wss in
F.ight. Aircrafe electrical eystems alresdy have to cope with splils, condemsst.ow
2nd press.re changes that can force wster intoc any ncok or cranny, would & water mist

be much worse? ] perscnelly doubt 1t bout teste are rneeded.

Fasgenger smckehoods

Although eprily proposais Following the Hsnchester B?37 accident concentrated an use
when threatensed by a ground Fire discuwssiorn quickly wmoved on to use Fallowing the

start af an in-fFlight Fire within the cabin or underfloor voloume. Current propossals
and the CAA'e specificstion relating to passenger smokehoods call For  protectaon
against both ground arnd 1nflight fires. However one should continually reassess the
comparstive risks  teo ensure that  the best  compromiee 1= resched, For example

concerning the duraticon of protection regquired.

One zruc:al guestion thet & detailed study of past sccidents might answer is:- In
what progssrtien of accidemts bas fliash over actually occurred?

F.ash over woL.d seem unlikely te ococwur IF, as with & Kegwerth type mccident, the
fuselage is bro<en open durisg the initial impact and is thus Fully vernted. It gid
nat pccar Gn o the  initaslly intact Fuselsge of the G737 at  Manchester, probsbly
because of the reapid tsil collapse =&nd burm through of the roof near the point of
collapse woich 2is0 allowed smoke and hot gases to escape. Thus flash over might not
17 pracTice be the threst zocmetimes agsesumed in the past. Reference S argues this

case gconwvincingly.

The accidemt record does heip with this, ses reference B fFor evidence compiled by an

svimtion psihologist, bet I believe that further experimental work with a ncrmal,
rion-fire hardeces fuselage, at for example Atlantic City, 15 needed to  grovide
additiona: imnformaticn caormcerning corditions in a gagbkin with roof burn throough or
intent:enal roof wvemting, This would of course be of relevshce ta many other

ossitble safetrty measures 2= well.
¥

Qrher questions relate teo access armd dopning of  smokehoeds, the answers to which
right helo us assess  whether any delay caused by the acticn of gotting a8 swokehcood
aat e s.kely Ttz be of s.opnificsnhIe to the survival rate. So how rapidly hgwe Flires
tvaded Tme o=

. how man, peaple have svacunted befFore Loole has reached them, Fow
meny heve oesn orought T a virtwal starmdstill by a blockag: im Frart of them™ Hote
that wh.le 5 blozksge migbt be aggravased by peaple reaching for smeokehoods that they
irm Fac:r d:idr’t meged the people a2t the back of the queue are the ones who may die
withoot & skokenocd but who may sarvive  aslmost ingefimately with &8 smekeheood
providing flash cser does not ooCur.

Agein whiie ~he accidenz recoroc may provide some answers further evacuoetion testihng
in reallstic conditjons would also be invaluable.

Im mpre severe acciderts what proporticon of the  ©trapped andg/or injured pascsengers
would nave teer abile ta reach and don thelr smgkehcoods™ Th:= questicr mey well be
z=wed dur.ng the Negworih investigaticn and some evidence frov past sccldenis may



@ls0 be avallevleo. It 1% lively that e comelderable mumbee of peeple im suck B0

ozoidernt 1mvolving poOET ampact fire woulz, though trapped or incapecltated, be able
Lo Qur a sro-ehocod which might kecp ther alive until the fire service arrived, It 1=
@miso likely thet some would be umconscigus or otherwise incepasble of doling amything
For themsclves anc For trem & water mist system, if 1t still]l worked te at least some
extent, rFight be the only ancwer . Perhans goccidents of thi1gs notore makve Lthe caose
Detter than any ather for oo belt and braces spproach.

THE FHILD2SOPMY OF CRASHWIRTHIMNESG

Justaificestion  for de=ling with Ccrashworthiness and surviva!l rather them  with
Dreverting accloents .= mot needed at a meetitg such a8 Thas, however 1 shoulg like
o incloade 8 few thooagTtiz on Lhe sub ject.

Crastworth)ress, in  o-e sense, 15 Btil)l & second lime of defermze but mecaoase of the
Clverse naiure of ceussl! factors 1t shoolo be end usually is mow treated os being of
equal imporiance to curventiona!  sirworthiress, i.e. Bs a Flirst lime of deferce.
Certginily sccidemt arvestigstors amre now teedinmng the 1C0A0 Manusl'es imstruction
refererce 18} o give equal weight to crashworthicmess ang survivel as opposes o
cause,

It may be s-rgued thst gz the chamces of having an accident are small the level of
passenger proieciioh reguired need no: be of a partscularly bigh standard to still
Five = valyatle ssfety Irprovement. A res.lt of this approsch 18 that It can leac o
playing the numbers garne. For 1m the current climete of safety a&assessment  and

azceptable zocldent rates ome could Find the absurd situation where the provision of
cgy sMmorebopds To only half the psszengers, or 16g sests far trnose wn the rear cabin,
could be just encugh theoretically to move @ partlcular Bne crucial fallure condit:iorn
From 'caioestraphic’, ihveolving muitiple desths, down to 'hazardous’, 1nvolwving the
death of = =mall nurber of occupants, Providing we do avold the absurd there may
meverthelose be merit 1n such 3 combimed approach if 1t prevenis wus from seeking ah
urreelistically high level of protection.

Arm egquivsiernt agpproach has I believe been used in protecting Fuel tenks from engine
debris, 1+ may be argued thst dangerous englne Fallures 2re rare but not rare encugh
to ignare. At the same time total, gusranteed shielding of all vulrerable parts is
impracticable but ensuring that high velocity debris is likely to pernetrate the Fuel
tanks {(or other vital par:s) only once in tem Failures, or once in fifty, rmight be
encugh to meet the required and agreed standards,

A conclueion of this approagh is thst quite small improvemernts im cab:t safety may

indeed be worthwhile, evern cost effective, to the manufacturer as well as to the
passenger .

The submissicn that 1m the present remerkably safe climete of civil oviation the
spending of & lz-ger preoportion of our  =afety money on crashwortbicess  and
survivability is cost effective stems from the Facti that there may be hundreds af
di1fFerent and largely urnrelated resscns why arn aircraft ends up In & smoking heap 1+
the undershoot, on the +cumwey, DOF 1N the avercuon ares, Te prevent sven & =ta’l
proportion oFf  these would cost a great deal: to concentrate om the smoking neap
benefits =11 of wham,

Orly & momnth oefore  the tlenchester accident = HASA CV-920 rejected 1ts take ofFf ac
Harch Air  Force Base California [(refersnce 19); debris punctured the fue]l tank; the
spilled Fuel caught Fire before the sircraft came to rest; the Fire burped through
the fuselage skin;, the ear fuselage c¢ollapsed ontoc  the ruhway; the fire service
couldr’t desl w:th the 1nterior fire; etc.etc. Very similar statements could be made
for accidencs &1l roumd the world, only the inmitial causes have differed. Hith the
C¥-8990 it wes wheel debris that punctured the fuel tank and mo:t an engine combustion

can as =2t HWanchester; slso, perhaps because there were only 19 om beoard, all escapec
without [mjury.

It is worth moting  <hat this sccident does not appear in the uswal lists beceuse .

was moT  a nefrmsl civ:il gperation. Thig mey partially detract from ite relievarce bot
ot entirely.

Ooe oF the ke, factore used :n the early and mid sevenities to justify more effors
beElND put imio survlival was Lhe imck =fF  army improcement ihothe  surwlivel rate 7
Survivablie acc.dente fe,g. it reference 17. Since ther, despilte an apparerT
improvement betwesn 1977 and 1982, the si1tuation daes not appear to have chsngec.
Refererce 20 estztes that 'Mhen the staiistics fFor sBurvivable acclidents arnd fatal
survivable accidemts (30% of =ll accioent= are survivable by some or Bll of the crew;
are examined, It cam be pbserved that althowugh  there s grester varisbility [from

year to year] the percertage of Fetalitles far the last few years was s:milar to the
percentage im the early sixties. !

It is of course hoped that the improvements thar have been 1hiroduoced over the peEst
few years will! before long be reflected by i1mprovements in the survivel record ans
that we hawe Mot just been running hard in ordes to stand still. The record to date
Mewever suggesis that we must keep on Funraing hacd!



ANALYSIS

The forrat First preernted in reference 4 and scshowing, for any chosem group of
actidents, the oversl]l percentage kiiled snd the percerntoges  due to jmpact and L
fire hac cont_rued to be most useful ernd i used again here, The principri gdvartaze

of the choszen Tsbular presentotiocn of the dat= :is that 1t ellows mamny diFferent cross
checks tc  be made. rratially For  spotting errors  end then for unerpected trende,
correlat.ons i & locse sermse} and often 1o generate new [deas.
For tmie pagper the Tables illusirate typical date cutput From the Cranfield prograe
but =:mce the romber of accidents 1 regcent  years where as yet we do nct krow the
break dow- of eesaine doe to ampact  ard Fire is large, I am liriting trhe figurer o
ome si~ole Cormparisone., These stow the total Ferality rzte smd the proportons due
to impact and o Fuire. Imn order to compare the rate due to Fire more readily tnis 1s
repested s.one _n the form of those killed as 8 result of Lhe Fire as a proporiion of
these who hepve somvived the impact. lmn ezach case the Number abowve gach ccoclumn 15 the
rnumber of agcidents 1n that grouwp, sdjusted whore mececsary to compoensatze for lack of
dete..ed Information.

Trne mesme 2f ad jusimert 1s similar te that used in refererce A From which T guaote " Ir
crger % usTe and presert fipures for the properti:ocns killled by impact or by Fi-e
12 has bee~ mE_eszary ta make allowance for those ecoclidernts where the czuse of deoute
1S NoT nown, IF for exatple there were 10 fFatsl snd 40 rmorn fstal acecidernts in &
pErticolar growk 8noc the cause of death was knowh in 8 of the 10 Fetal sccidente theo
i1t le comsidered scceptable to gombipe, in effect, B of the 10 mon fatal sccideris
with *hese to provide 16 relevarmt acgidents in all, not 18. If the same techrigue i=
used om  all the numbers inmvolved it is believed that the resulting 'Bd )usted tozais’
may be used for statistics! purposes with a high degree of conFildernce.’ A sma. .
change has beern made to this techrique which 1 leave the interested resder to fathon
=T 2%

=

Ampother usefFu]l factor that was incorpeorated into owur tables arcund 1878 ls the use of

wwo ‘percentages’ For sach set of Figures. When these are similar one need (gok mo
further, ard T hzve 1n tha past mormally uwsed the lower of the two which is obtsined
directly from the "sams', The upper percentage 1= the aversge of the individual
percentages, Lf  the two differ by mopre tham say 5 or BY then 1t is worth Finding ou:s
why . The most likely reasons are that Iin @ emall sample one acc:dert invelving a
large mumber of pecple, whether Fatalities or survivors, may dominate the lower
percentage but Mot fecesserily  the upper. Conversely & single high fztiality raze

sccident involving omly a mhandFul of people may dominete the upper buil not the lower.
For thie report 1 heve continmued to use the Jlower value 85 being the more
straightforward but this is wunder review.

A recert aodiiiom hss bean the presentation of the ‘mean  accident' under esch
heading, For exampie for et alrcraft with more than 60 seats and a0 covereill load
factar greste~ 1han 20% the 'mean Fatal accident’ invelwving mo impact deaths was as
follews:

44 killed from 432 aboard im an sircrsft capsble of carrying 197 people
inciuding crew.

This, orne can sce at a glance, Is in no way uhusual or unlikely.

Figure 9 ceonsiders the complete lis%t of accidents over the period 135% to 1989 from
which it cam be seen that there hzs been no consistent improvement in the swurvival
record, A Five year maving average haes been used in am atiempt Lo smooth out the
effects af particularly good and bad years, however it cen be szen that the geod
period arguno 49382 and the bad period eround {1885 still stand out. Toc see what s
tappening since 1985 & further period of only just over three years has beern included
which enccuragingly sSuggests & return toe  ‘normal’ For  total fatalities  and, on
evidence from omly a small proportiam of the fFatal accidents, 8 continued end welcoms
reducticn in  the proportion of deaths due to Fire. Ir Fact due to the large mumbe-
of 'unkrngowne' the reletive importence of impact snd fire canhpot  yet bhe rellably
zssessec Fa- any pericd after that centred on 1884, though +the =im:larities Eor
v.ffFerer: groupe discussed below suggest thst the accidents For which figures are
avajilable sre ressonably represemtative of the whele.

A& Zruder  but prckably better comparisaon is shown an Figurs 2. This compsres 2.1 ithe
iistec accidentse  For the two pericgds 1955 te 1975 znd 1876 *o 1988 {obv:iouwsly
1hcompliece’ ). The number of accidents in each periecd is virtually the same and so is

the brezsk down Decween 1mpact and Flre.

In reference & a sigrnificamt differance  was noted beuween jets and turboprope with
respect to the proportion killed by impacc. The higher proportior For turboprope has
continued @s cam be seen in Figure 2, the proportion killed by fire remaiming
whnchangeco.

Earlier im the paper it was arpued that when looking st survival sspects ope meed not
climinsie crew training and carge flights from a study primsrily lockimg st passerger
safery . The principal reason for keeping them 1in ie pernaps  that 1f & hugh
oroportinn of  the crew die or suffer severe injury it is often Felirly cerieir that



had there bepn passcrngers Lher thoy ton wowid bave suffered and hernce there showid i
a grest deal o be Jlearncd Fror these accadents of relevance to passenper salety.

Tz see wnether lum:timg the (gt ssmple tc passenger carryling flighte and axcluding
ermail]l Jets mede eny s:goificemt difference to the proportions billed, figure 23 was
plotted. The compgrican of =2l JeLs with thooe with more thomn B0 sescs and with
thwese restricted furtkes to an pverall lood Factor of ocver 20% shows rerarksbly
L.ttle varistion. Al 5 =imce tuerboprope, partaicoioc-ly the larger ores, howve

.mzftessngly been used for carg: Flights these hove been lcokwd at with = load factar
=F over  20%, Althoog

not srocwr on the Figore the sverage overg.) SEsting CE@ac:ty

c’ the Turboprog aircrzft invclved feil, booht with the more regcent time period and

w.th the limitetiem Ltz oriy paswenger flaights., however the proporticns killed remzin
remarkosbly similar.,

Figure 4 looks at the widebody |ets, defited bere by having a seztlmg capacity of
gver J00. In ~he pre 1976 per-iod there were ornly twoe relevent fote) acc:dents
lliairobwl G747 and Eve ades Trastar)] and im the latier period there have been some
pe~ticula-.y bad ones ‘the Terme-ife B?47 collision and the margirally sorvigeble JAL
E747} thus  the two pe-lods are markedly different with a relatively small samplie in
esch . However the co-birmpitaian of tthe two periods pLrie the widshody reczre slimost

e-actly the ESa%we sg the pverzl. yet record! ROestricting the accidents To theme with
loac facior of  ave- 23% meErely eliminates three mon fatszl]l scociderts and oy

ghtly changes the proporticrs.

Fzr jets withn fewer than 20 sests, the coverajll picture 1s wvery like the other,
~arger, JeLs. Tris aga.n is perhaps rather surprlsing.

CONELUSIONS

Trne scocaompanying list cf Bccidents involwvinmg Firg and/or spilled Fuel reEpresents
CranFleid’'s First step wowards bringing the surwvival recoerd up Lo dste and no doobs
scme interesting dufFferences will emerge when anslysis has been completed. Howe
there :5 no doubt  that many sccidents have occurred doring the last 10 zo 15 yez
thEt are replicaz of those occurraing  during the Firet 20 to 2% years of turbire
operations snd  theze have been studied and reported on 10 comsiderasble oetzil]l by &
riumber oF authors.

=

I is wunlikely that recent and furure trends will difFfer greastly from the past and
there 1s no guerantee  that any new trend will ceontinee wnless there = & clearly
defined underlining Cause . We should therefore make the best possible ume of the
date and sanalyses slready esvaillable to us and thus enswre thst by putting the more
detailed or <cingle subect contributioms made at this symposium intoc the context of
regl sccidents wE geL maxlimum bemneFit From them.
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The Folilowing lists cover the acceiderts currently thought to be relevernt to shy study

of mircrzaft cakin fFire protection. It therefore includes all sccidents where

a) there was 8 post impact Fire.

) there was fFuel spilled on impact, whether or mot it caught Fire.

(-3 spme but meot all on board died o5 a result of the impact

d) there was an inflight fire but the zircrseft landed (or crash landed)} with at

least soms on bowmrd still alive,

Thie is assentislly a lisx of impact survivable eccidents [l.e. mccidents where at
imest one person has suwvived the impect or 1s still slive after the sircreft bhas
stopped) but excluding the more triviaz)l non Fetsl accidents where no Fuel woe spilled
and there was no fire.

The wvast majority of =accidents are relatively easy to assess For  inclusion  but
imavitably =come have been wrongly imcluded or excluded, we would appreciaste comments,
with appropriste evidence, to help us Tto improve our date base.

The First threse sub-lists are of fFatal asccidents where the cauee ofF death is either
®kAgwn with a reasonable degree of certainty or has beern estimated From realiable
infFormatieon, These are accidente with deaths believed to be:-

a) only by impact trauma

bl some by impact end some by the effects of fire

c} only by Fire.

Such differences 2% there are between diffgrernt sources ere principally im list b},
however these diFfegrences are mainly small and would nov significantly elter the

overall picture. Hevesrtheless Firm evidemce of arrors in the Figures presented would
be Bppreciated.

List d) contains the Fatal bul survivable occidents where cause of death has not yet
been learned. Evidence will sxist scmewhere For perteps the majority of these so we
would very much appreciate any relevant information.

The lest list is of mon Fatal acclidents, since the number ofF thege included is all
impogrtant to any study, comments copcerning these osre equelly walcome.

LIST a) Deaths by impact

DATE ACTYPE PPAT PTOT

------------------------------------- 30/12/70 Caravelle 1/ 28
31/10/54  Viscount s 8 06/0%/71 Bl-11 22 /7 121
24/12/58 DBrittania 97 12 03/03/72 FH127 15 7/ 48
14/08/59 Viscount 2/ 03 14/06/72 DCB 86 s 89
27/08/59 Comet 4 27 50 29/12/72 L1011 99 / 176
26/09/60 Viscount /s R 22/07/73 BI07 /79
03/06/62 BYO7 130 7 132 23/07/73 FB227 39 /45
20/08/62 DCB 15 / 105 07/09/74 F27 28/ 3%
12/12/65 Learjet s 9 30/08/75 F27 10 / 32
04/07/66 DC8 2/ 5 27/09/75 CLb& €/ 10
28/02/67 P27 127 19 05/04/76 B727 17 50
19/04/67 Brittania 126 7 130 12/12/76 DHC-6 4/ 10
05/09/67 1L-18 37 /69 21/11/77 B1-11 W6 7 7%
03/11/67 Herald 21 /4 25 26/06/78  DCY 2/ 107
06/11767 BID? 17 36 04/12/78 Learjet 57 7
20/11/67 CVBBO 70 7/ 82 04/12/78 DHC-6 2/ 22
07/02/68 BIO7 17 57 16/12/78 F27 i/ 2
20/04/68  BYO7 123 7 128 28/12/78 DCH 10 / 189
01/07/68 Jet Commander 1/ B 28/01/79 P27 5/ 6
10/08/68 PH227 35 7/ 37 12/02/79 MNord 262 2/ 25
25/10/68 PH22? 32/ 42 30/05/79 DHC-6 17 / 18
24/12/68 Bercules 2/ 4 17/06/7% DHC-6 1/ 10
24712768 CV3BD 0 7 47 23/712/7% F28 39 / 43
27/12/68 CVS80 27 7 45 12/06/80 Swearingen 13/ 15
06/01/6% CVSB0 11 7/ 28 15/09/81 B747 1/ 378
20703769 Viscount 3/ 4 31/10/81 DAC-6 1/ 22
12/09/76% B1-11 545 /47 22/06/82 BI07 17 /111
21/09/69 B727 27 /118 12/08/85 BY47 $20 / 524
0SAQLF70  CVED 57 10 13/03/86 EMB 110 3/ 9
05/01/70 CVBa0 57 10 08/05/B7 CASA 212 2/ b
zsxg;;vg 727 1/ 23 16/08/87 DCY 154 7 155
09/05/70 F27 17 33 15/11/87 DCY 28 / 82
20/07/70 BS5125 17 2

SerDor1o 7oy Y 23/11/87 Beech 1900 18/ 2

£ 0B/01/89 B737 4 7 126
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LIST b) Deaths by jmpact and [ire LIST ¢} Deaths by fire

DATE ACTYPE PFAT PTOT PIMF FFIFE DATE ACTYPE PFLT  PTOT
09/0B/58  Viscount 6 /S B4 (28 8) 17/02/5%  Viscount 14/ 24
1270676 L1BB w0/« 5 15 3 19/01/61 DC8 LIV L)
11/07/61 DCB 17 4122 ¢ 1: 16 ) 08/12/63 BT Bl + Bl
23709761 F27 B 029 {15 13} 23/11/64  BIOT 5000 13
21/12/61 Comet 4 27 4 34 & 21 ) 11/11765 B727 43 s 91
22/07/62 Brittania 27440 (13 ¢ Y4 15/02/66 Caravelle 2/ 80
20/05/65  BIOT 121 7 327 ( 13 ; 108 ) 05/06/66 HS125 2/ 2
08/11765 BT7Z7 58 4 &2 ( 44 14 26/08/66 CV8RO 5 3
04/03/66  DCB 64 / 72 ( 35 : 29 2250966 Viscounl 24 4 24
22704766 L1BE 83 s 98 ( 71 : 12 1e/02/67  L1BE 22 492
11/08/66 Brattama 88 v 117 ({ 73 : 25) 2704767 F27 19 ¢ 19
05/Q3/6 DOR 51/ 90 ( 23 : 28) 11/07/67 Gulistream 2/ 2
0/0V/6%  BiZ7 48 7 B2 T4l g 16/07/68  B727 214 63
16708/69  HALE s 4 2 3 08/04/68 BIO7 547
17/0%769  CVSBO & 4 1% ] ¥ 13/06/68 BIO7 &/ 63
20/11/76% W10 B / 87 « 2 ¥ 24/06/69  CVEBU 37 3
/10770 Hercules 3/ 3o« 2 ) 05/07/70 DCH 103 /109
07706471 CVLHEO 85 N« 1: } 27/13770  DCB 47 ¢ 229
Y8/04/72  WVCIO 43 /307 1 )] 8712770 BI27 25 53
30/05/72  DCY &7 4 (3 ) 1270 P27 T/o36
2906777 HFEB 320 TS B { 4 1 )] 23/05/71  TY-124 8 S 83
28/11/72 DC8 62/ 16 8 : )] 24712/71 L1BE 91 /92
N8s12/72 BTAT A3 /4 81 ( 16 : 27) 22/01/7% BT Y76 4 207
20/12/72  DCY 10/ &5 ( 1: 9 26/02/73  Learjet Ty 7
23/12/72 rig 3% 4 45 (19 20} (2711773 Berald &/ 16
19/02/73  TU-154 66 /100 ( 15 : 51 ) DYs01/74 F28 ig s a2
10/04/73  Vanguard 0B / 145 (103 ¢ 5 ) 15/03/74 Caravelle 15/ 96
31/0%/73 DCY 88 s B9 ( 44+ 44 ) 25703776 Jetstar 4 7 &
26703774 FIB 66 / T3 ( 16 :+ 50 01/03778 DCIO 2 /197
30,0174 BIO7 9r /101 1: 96 ) 17/12/78 BIYY ¥/ 132
11/09/%4 D9 71/ B2 { 34 : 37 02/08/79 Citarion 1 7 3
ans10/74 L1888 32/ M 19 : 131 07/,10/79 DCB 14 /7 134
20411774 BYAT 59 /4 157 ( 48 : 11 ) 27/02/8¢  RIO7 2 /135
2606475 BI2Y7 133 #1246 (100 ¢ 12 ) 19/08/80 L1011 301 /4 301
27704776 B727 A7 /88 ( 2+ 353 19/11780 B747 12 7 226
G4/06/76  L1IBE 45 /45 (17 @ 1B} 13/0%/82 DC10O 50/ 393
17/03/77 BT 327 /396 (135 : 192 ) 02/06/83 DCS 23 /4%
27103777 BRAT 248 / 248 ( 52 : 196 ) 22/08/85 B737 55 7 135
04/06/77  DCY 62 / 85 ( 37 : 25 04/03/87 CaSA 212 9/ 19
27709277 DCB 4 /I8 (17 17 ) 26/06/88  A320 3713
11702/78 B737 4/ 69 {19 23 ) 31/08/88 B?27 13 /105
13703779 B727 4da 4 B4 {14 2 30 15/09/88 B737 34/ 104
2040379 F27 17/ 24 16 3) memcmmssmscsc=csomscssscoanerddaERER
30479 DCID 24 B ( o7 : 3

16/02/80 PBrittania B (0 4 3)

21/01/85 Lig8 o4 N { 33 35

Gz/0B/83 L1011 134 7163 (114 : 20
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Cause of death unkngun

13708, 64
02/08/08
010670
12708, 70
05/12:71
21/00472
310573
24/09/75
20/01/76
D4/11/76
22/11/76
Q4703777
2903477
03706077
18/10.77
19:11,77
171078
15711478
23/12.78
24701779
QE/07/ 10
23,0779
3009579
191079
19711779
03/03/80
12/04/80
27/06 /8
01/08/80
19/12/80
27/02/81
31705781
23/07/81
02/09/8)
21/02/82
20/03/82
24705782
11/07/82
29/09/82
16/01/83
11/03/83
16704783

DCE
Caravelle
¥5-11
Nord 262
Dra

B737

Fz8
HE748
F27
Bercules
bCy
DHC. €
Falcon
HE748
B727
Learjet
DC8

Dce

Nord 242
Learjet
B707
DRC-6&
Herlin
Citation
Learjet
B727
Hi748
DCR

Jet Commander
DHC-6
Falcon
bCe

EHMB 110
DRC-¢&
F28

B737
HS748
IL.62
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H5748
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29/04/83
02/06/83
14/09/83
077310/83
08/10/83
23/11/82
27711783
2B/11/B3
07/12/83
17/12/83
26/0)/84
2170784
30/08/84
24/12/B4
20/04/85
27/05/85
12708785
22709785
20/03/86
10/06/86
12/06/86
23/10/86
03/01/87
04/04/87
13/04/87
19705787
21/05/87
31/00/87
04/08/87
11/10/87
05/12/87
18/01/88
19/01/88
06/07/88
26707788
16/0%/88
17/10/88
18/10/B8
19/10/88
25/10/BB
03/02/89
10/03/89

Caravelle
Fz8
Trident
EMB 110
DHC -6
DHC-6&
B747

F28

B727
DHC-€&
CaS4 212
DHC-6
B737
Learjet
F27
CY3E0
DHC -6
Learjet
ChSa 212
F27
DAC-6
F27

B707

pca
Beech 200
DHC -6
Citation
Learjet
B7137
DRC-6
A5125
AS125-600
MetrpIll
CLé4
Learjet
B737
BIO?
H5125
B737

F28
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102
6l
106
15
14

132
72
93
10

14
118




LIST &)

DpTE
16701055
KRB ETS
17704 /58
280458
Y0711/58
09404750
03730/5%
4701760
20703060
[E-Fank Ve TH
14709700
29010060
12706761
2707 /61
20717 /81
16700061
N5:11461
1511481
2540462
2T us 62
2762
NE/0T /62
DR 08762
a1/01763
03.07/63
0Fe0hse3
0805863
06711763
22403064
O7/04/764
04 /06764
13706 84
19/08 764
0107764
26/08/64
11712784
27702765
1703 06R
17/03765
26703765
27703765
16/04765
16 /05/65
28706765
04707765
11/Q7765
13708765
Ta/10/765
13/02/66
0203766
21703766
/0660
25707766
071G 66
N2+12 7686
MR
1901767
23N AET
15:0)767
11/05767
287 0us b7
R FTAEE A
0305567
G1/067647
AR SRT
26706767
QU767
Q320087
21711767
Qurl2ig?
08/12087
11/12/67

Non-tatal accidents

HCTYFE

Viscount
Viscount
B707
Viscount
¥iscount
Comet &
Viscount
Viscount
Comet &
B707
L1849
B7G7
BIOT
B7NT
BTCT

BCR

707
Viscount
Caravelle
Viscount
BMO7
Viscount
1188
CVERG
Caravelle
Comet 4
Viseount
bDCR
Comet 4
B707
Learjet
Viscount
F27

BT
BIOT
HE1Zh
CVBEN
B727

F27

B707
L188

Fe?

BIGT
B707
Argosy
HST748
CVEAD
Argosy
BTQ7

DCB

CLb44
Tradent
Learjet
Camer 4
B727
nro?
Viscount
CVS80
HE125
B7Q?
CWIRD
Jetstar
Viscount
Hercules
Comet &
Viscount
IL-18
R707
B7O7
Argosy
Wizeoune
Viscaunt

109
76
21

103
41

sz

133

45
72
27
53
16
72
(32
70
26
34
97
68
145

44
kA
12
138

97
23
170

93
153

52

127

102
174
52

i8
18

09/ /6R
25/001 /68
21700788
11704768
28/04/68
04/05/68
16/05/68
D7/08/6R
06/09/68
19411768
2112/68
12/04/69
O1/05/60
Q1407769
0T IRG
G7/10/69
16710769
15/11/69
27211769
03712769
04712769
09/02/70
11/702/,70
18/04/70
25/04/70
15005770
22705770
08/06/70
09/06/70
22/06470
19/07/70
18/08/70
24/08/70
1570970
18/09/70
1850970
09/11,70
30411770
1612770
235127570
1301771
23007
18/03/7]
05/07/71
217077
30/07/7)
237117
28/01/72
16/02/12
18/02/72
28/02/72
19/03/72
18/05/72
13/08/72
13/08/72
01/09/72
20709572
24709772
26/09/72
12712432
12512772
20001473
05/03/73
24/04773
01705773
16/06/73
21706773
23706773
08/08/73
28:10471
23/11/73
04712773

BT
VCln

B7 17
Hercules
DCE
Yiscount
Hercules
R723
B7O7
Br07

BCco
Bi1-11
CL&4
B727
Caravelle
TU-134
DC8

DCEB
RS748
B747
Bs748
Comer 4
B707

105)
Saberliner
Rercules
Jet Commander
Saberliner
B707
B707
B737
TU-124
1188

DB

AI47
B747
DHC- &
B707
B?27
Cv580
Gulfsrream
BIOGT
Herculag
Falcon
B707
B747

¥27
Viscount
CV580
B747
Falcon
L188

DCY

BIO7
Saberliner
B747
Vizcount
ey

1188
B0V
H8125
BI0L7
B7Q7

D8
HS748
B707

nca
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B727
B737

DCe
B1-11

49
124

261
128
gl
96
7
14
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17412473
YIA1E/T
20412423
23010473
1601474
ORAO2/74
06 03/ 740
19/05/74
28/05774
23411474
V1712774
22/12774
01/05/75
Y20875
YA (€78
25:,07.75%
15409, 75
27409775
08-11/75
12:11/75
20411775
28712775
18/02/76
23:02/76
12/03/76
18/03/76
22/04776
(/06776
12/11776
16711776
16/12/76
27712776
04701727
264/01777
02/03/77
Y0327
26¢05/77
03/06/27
30709777
0371077
26510/77
01412777
15/02/78
16/02/78
03/03/78
30/03/78
02/D4778
04/04r78
O4/04/ 78
25/07/78
03/08/78
24/0RB/78
24710478
05/11/78
28712778
05/01/79
09,0279
12703779
26704779
14/06/76
30/06/79
1507779
20:07/79
26/08/79
18/11/79
02712779
23712479
23/01/80
26703780
29/03/80
02/05/80
13/05/80
09/706/80
17/07/80
23/07/80
28/07 /B0
16/09/B0
137430780

(concluded)

Deig

DS

5707
Caravelle
B7O7

DCB

F27
Argoey
27

| i)

L1B&
CL&4G
L188
B747
Saberlinet
BT
Tradent
Falcon
B747
DCIO
H8125
Deo

B?27
Hercuyles
L1588

DC8

B707
DC1o
Saberliner
DCY
cvaad
BI27
Bl1-11
DCR

BIG7
R707
Leacjet
B727
Brittania
DCEB

ncio
DHC-#
B707

B707

OCE
Learjer
B737

B737
CVBB0
CV5B0
BIO7

B737
Learjer
Learjer
B747

1188

[ 05°]
Caravelle
R737
Concerde
TU-154
B&748
Caravelle
F2g

F27
Learjet
BI47

F27
Learjet
Jetstar
DCo
Swearingen
Caravelle
Viscount
Jetstar
DHC -6
DC10

E707

167
84
109

162

259
244

16
196
196
222

4

148
&3
63

105

[
Pl X

309
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04711780
2111080
20412780
29712780
i1/g1/81
17/02/81
19/03/81
05/06/81
16/06/81
10/12/81
29/32/B1
17/03/82
16/05/82
24/(05/82
2670082
17/09/82
17/10/82
12/11/82
06/12/82
06/02/82
07,02/83
15/02/83
11/03,83
27/03/83
20/042B3
2906783
02/07/B1
16/07/83
18/12/83
22,12/83
09702784
22/Q2/84
10/03/84
22/03/84
11/06/84
20707784
D4/09/B4
30/12/84
31/01/85
04/02/85
07/02/85
03/05/85
17/07/85
04708/85
12/08/85
30/11/8B5
02/12/85
28/01/86
31/01/B6
21/02/86
10/03/86
08/06/86
22/06/86
06/08/86
29/09/86
02/01/87
06/01/87
10701787
18/01/87
13/06/87
23/06/87
24/706/87
24709787
28710787
27/12/87
15/01/88
29/01/88
29/01/B8
02/02/88
25/03/88
15/04/88
23/05/788
24/05/88
16/06/88
17/06/88
17/06/88
10/07/88
26/09/88

Bnr37

B727

BI0O7

DCE

B727

B?37
Jetstar
¥27

RS74B
H5125
AS748
A300
DHC-&

EMB 110
B737

DCE

B707
Hetro
Learjet
Citation
Caravelle
DHC-6
¥5-11
B737

DHC -&
K$125
Caravelle
Gulfstream
A3DD

DCi0

B737
Herlin
DC8

B737

DC9
Saberliner
DHC--5

DCY

Metro

oCe
Challenger
Merlin
CVass

EME 110
Beech 200
L1858

B747

B¥37
Shorts 360
DY

F27
Hercules
DHC-6
Learjet
A300

F28
Caravelle
pClo

F27

DBC-6
Beech 200
Beech 200
Heriin
CV580

DCo
Falcon
Vanguard
Vanguard
Beaech 200
Jetstream
DHC-B
B727

EMB 110
Viscount
DHC-6

ATR 42
F27

B737

}34

4
238
121
111

28
10
18
128

138
124
182

110
12

89
247
142

23
119

75

30
12

19
16

45
273
72
k13
21
45

20

195
70

H
- bl
2 kA L I D ba D RS Lo B3 e L

g
[+ -}

—
[P s -]



